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Abstract
Objective 

Early identification of patients with rheumatoid arthritis (RA) is essential to allow prompt therapy. In this study, we aimed 
to evaluate the performance of the newly proposed ERA criteria, compared to the 1987 ACR and 2010 ACR/EULAR 

criteria in an international multicentre study.

Methods 
A total of 606 patients with disease duration ≤2 years and age ≥16 years who were diagnosed as RA or non-RA were 

enrolled from China, Sweden and India. The clinical and laboratory parameters were recorded. We compared the sensitivity, 
specificity, predictive value, likelihood ratio (LR), and the area under the ROC curve (AUC) of three criteria in these 

cohorts. Concordance between the three criteria was calculated with the Kappa coefficient. 

Results 
Three hundred and twelve RA and 294 non-RA patients were included. The Early Rheumatoid Arthritis (ERA) criteria 

had significantly higher specificity compared to the 2010 ACR/ EULAR criteria (83.7% vs. 78.2%, p=0.02) and sensitivity 
were similar (79.2% vs. 78.5%, p=0.883). In comparison with the 1987 ACR criteria, the ERA criteria had higher sensitivity 
(79.2% vs. 54.5%, p<0.001) but lower specificity (83.7% vs. 89.1%, p<0.001), and the AUC of the ERA criteria (0.878) 

was comparable to the 2010 ACR/EULAR criteria (0.849) and higher than the 1987 ACR criteria (0.791, p<0.0001). 
Patients from the three countries, seronegative and very early arthritis cohorts yielded consistent results.

Conclusion
The ERA criteria demonstrates a better performance across ethnics in early RA diagnosis, and is more feasible in 

daily practice.
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Introduction
Rheumatoid arthritis (RA) is a chronic 
destructive disease. Increasing evi-
dence suggests that early intensive 
treatment can significantly slow the rate 
of disease progression and increase the 
probability of achieving remission (1-
5). Remission in RA patients receiving 
prolonged intensive DMARD therapy 
was achieved, and low disease activity 
at the start of disease taper leads to less 
subsequent flares (6). To prevent dis-
ease progression, classification criteria 
for early RA and appropriate treatment 
are needed. 
The 1987 American College of Rheu-
matology (ACR) criteria (7) have been 
widely used for the classification of 
rheumatoid arthritis (RA) for more 
than two decades, which was devel-
oped in patients with established RA 
for several years, but it has indicated 
that they have poor sensitivity for the 
diagnosis of RA in early arthritis co-
horts (8). Then, 23 years later, the 
2010 ACR/European League Against 
Rheumatism (2010 ACR/EULAR) 
classification criteria (9) for RA was 
published. However, several studies 
from multiple centres revealed that the 
2010 ACR/EULAR criteria had only a 
“slight improvement” of performance 
overall compared with the 1987 ACR 
criteria, others have shown that lower 
specificity raises the issue of a potential 
for over-classification and over-treat-
ment in newly onset of inflammatory 
arthritis (10-15). More reliable classi-
fication criteria for early RA should be 
established. Recently, our multicentre 
studies established new classification 
criteria for early rheumatoid arthritis 
(ERA), which was developed by ana-
lysing the clinical and laboratory vari-
ables in 803 patients with early inflam-
matory arthritis with the duration less 
than 1 year (16). Then a subsequent 
study in 2016 showed that sensitivity 
and specificity of the ERA criteria were 
72.3% and 87.8% (17).
In this international multicentre study, 
we aimed to assess the diagnostic value 
of the ERA criteria, the 1987 criteria, 
and the 2010 ACR/EULAR criteria in 
patients with early rheumatoid arthritis 
in three countries, and analysing the 
agreement among the three criteria. 

Materials and methods 
Patients
This study was based on multiple co-
horts of patients recruited from three 
countries including China, Sweden 
and India. Briefly, participants diag-
nosed as RA or non-RA by two expe-
rienced rheumatologists based on the 
clinical and laboratory features were 
consecutively enrolled if the following 
features were present: 1) with apparent 
joint swelling at one or more joints; 2) 
more than 16 years old of age; 3) less 
than 2 years of duration. Patients with 
arthritis caused by trauma, suspected 
septic arthritis were excluded. Chinese 
cohorts come from the study from H. Ye 
(17). Swedish and Indian patients were 
enrolled from October 2015 to October 
2018. The gold standard was the clinical 
diagnosis of RA made by experienced 
rheumatologists regardless to specific 
criteria. Ethical Committee approval 
was obtained at each participating cen-
tre and informed consent for participa-
tion was signed by all the patients.

Data collection 
The demographic and clinical features 
of individual patients with early arthri-
tis were collected, including age, gen-
der, duration of arthritis, involved joint 
areas, morning stiffness, symmetric ar-
thritis, arthritis of large joints, arthritis 
of hand joints, and rheumatoid nodules. 
Rheumatoid factor (RF), anti-cyclic cit-
rullinated peptide (CCP) antibody, C-
reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR) were meas-
ured. Furthermore, all patients were 
subjected to radiographs of their hands 
such as x-ray, ultrasonography (US) or 
magnetic resonance imaging (MRI), 
and their radiological images were in-
terpreted by two radiologists. The typi-
cal RA-related radiological characters 
included joint erosions or unequivo-
cal bony decalcification localised in or 
most marked adjacent to the involved 
joints in x-ray (7). The ERA includes 3 
out of the following 5 factors: 1) morn-
ing stiffness ≥30 min; (2) affecting at 
least three joints; (3) affecting at least 
one joint in the wrist, metacarpophalan-
geal, or proximal interphalangeal 
joints; (4) RF positive; and (5) positive 
for anti-CCP antibodies (16). The ERA 
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criteria and the 1987 ACR criteria (7) 
were evaluated, and the score of the 
2010 ACR/EULAR criteria (9) was cal-
culated respectively in all the patients.

Statistical methods
The sensitivity, specificity, positive pre-
dictive value (PPV), negative predic-
tive value (NPV), positive LR (LR+), 
negative LR (LR-), and the Receiver 
Operating Characteristic (ROC) curve 
of three criteria were analysed in the to-
tal, three countries, seronegative (both 
ACPA and RF negative) and the very 
early arthritis (duration ≤3 months) pa-
tients, respectively. Data analysis was 
performed with the standard software 
packages, SPSS 24.0. Quantitative nu-
merical variables were expressed by 
the median (P25, P75) and category data 
as the real numbers or the percentages. 
The differences between two groups 
were analysed by Student’s t-test and 
Mann-Whitney U-test, respectively. 
The differences in the sensitivity and 

specificity of the criteria were deter-
mined by the McNemar. A 2-tailed p-
value <0.05 was taken to indicate sta-
tistical significance. 
The sensitivity, specificity, PPV, NPV 
at the proposed cut-off value was cal-
culated. Diagnostic value of three clas-
sification criteria was analysed by the 
LR+, LR- and the AUC. The sensitiv-
ity was plotted against 1-specificity 
to obtain the ROC curve, and the cor-
responding AUC was calculated. The 
agreement between the two criteria was 
based on the κ statistic.

Results 
The demographic and clinical 
characteristics of patients 
Six hundred and six patients who were 
diagnosed as definite inflammatory 
arthritis by two experienced rheuma-
tologists were recruited, including 312 
RA and 294 non-RA patients. Non-
RA patients included 61 osteoarthritis 
(OA), 44 systemic lupus erythematosus 

(SLE), 28 psoriatic arthritis (PsA), 26 
Gout, 19 primary Sjögren’s syndrome 
(pSS), 14 ankylosing spondylitis (AS), 
12 polymyositis(PM), 5 reactive arthri-
tis (ReA), 4 systemic sclerosis (SSc), 3 
pseudo-gout, 2 polymyalgia rheumatica 
(PMA), 1 Adult Onset Still Disease 
(AOSD), and 75 of other diseases. Ta-
ble I depicts the characteristics of all pa-
tients, which showed a direct compari-
son between RA and non-RA patients. 
Overall, ERA patients had higher rates 
of female, RF positivity, anti-CCP posi-
tivity, and bone erosion than non-RA 
patients (p<0.01, respectively). Longer 
morning stiffness, higher ESR and CRP 
levels were also shown in ERA patients 
(p<0.05, respectively). Moreover, the 
differences between the ERA and non-
RA group in three countries was con-
sistent with the total. (Table II).

The diagnostic value of 
different classification criteria 
in the diagnosis of ERA
The diagnostic value of the 1987 ACR 
criteria, the 2010 ACR/ EULAR crite-
ria, and the ERA criteria were evaluated 
by comparing sensitivities, specificities, 
PPV, NPV, LR+, LR- and the AUC. The 
sensitivity of the ERA criteria was much 
higher than that of the 1987 ACR crite-
ria in total cohorts (79.2% vs. 54.5%, 
p<0.001), and similar to 2010 ACR/
EULAR criteria (79.2% vs. 78.5%, 
p=0.883). The specificity of ERA cri-
teria was slightly lower than that of 
1987 ACR criteria but higher than 
2010 ACR/EULAR criteria (83.7% vs. 

Table II. The demographic and clinical characteristics of three countries.

  China   Sweden   India

 ERA non-RA p-value ERA non-RA p-value ERA non-RA p-value
 (n=202) (n=197)  (n=50) (n=41)  (n=60) (n=56)
 
Female, n (%) 146 (73.0)  1 33 (67.9) 0.262 35 (70.0) 21 (51.2) 0.067 53 (88.3) 35 (62.5) 0.001

Age (years), median (P25, P75) 50.0 (40.0, 61.0) 46.0 (31.5, 55.0) <0.001 58.5 (39.5, 71.0) 57.5(42.3, 67.0) 0.826 44.5(26.0, 51.8) 35.0(25.0, 49.5) 0.03

Duration (months), median (P25, P75) 4.4 (2.2, 8.1) 3.2 (1.6, 7.8) 0.062 3.8 (1.7, 7.9) 2.7 (1.4, 5.4) 0.227 5.6 (3.3, 11.1) 5.7(3.2, 9.4) 0.543

erosion (n; %) 21 (10.5) 1 (0.5) <0.001 24 (48.0) 9 (22.0) 0.010 32 (53.3) 9 (16.1) <0.001

Morning Stiffness (minutes), median (P25, P75) 45(15, 90) 15 (15, 45) <0.001 60 (30, 105) 0 (0, 30) <0.001 30 (15, 120) 30 (22.5, 60) 0.355

RF positive (n, %) 130 (64.4) 34 (17.3) <0.001 26 (52.0) 3 (7.3) <0.001 42 (70.0) 5 (8.9) <0.001

Anti-CCP positive (n, %) 151 (74.8) 10 (5.1) <0.001 23 (46.0) 0 (0.0) <0.001 35 (58.3) 0 (0.0) <0.001

ESR (mm/1h), median (P25, P75) 34.0(17.0, 64.5) 25.0(10.0, 48.0) 0.002 28.0(15.0, 53.5) 24.0(15.0, 50.5) 0.534 48.0(39.0, 56.25) 47.5(28.8, 59.0) 0.577

CRP (mg/dL). median (P25, P75) 5.6 (1.2, 17.3) 3.1 (0.7, 14.2) 0.052 10.5(3.0, 21.0) 8 .0(2.0, 27.5) 0.481 15.4(6.9, 34.6) 14.4(3.6, 33.6) 0.366

Table I. The demographic and clinical characteristics of overall.
 
 ERA (n=312 ) non-RA (n=294 ) p-value 

Female, n (%) 234  (75.5) 189  (64.5) 0.003 
Age (years), median (P25, P75) 49  (39, 60) 45  (31, 55) <0.001 
Duration (months), median (P25, P75) 4.5  (2.2, 8.0) 3.5  (1.7, 7.9) 0.044 
Morning Stiffness (minutes), median (P25, P75) 45  (15, 90) 20  (15, 60) <0.001 
RF positive, n(%) 198  (63.5) 42  (14.3) <0.001 
Anti-CCP positive, n(%) 209  (67.0) 10  (3.4) <0.001 
CRP (mg/dL), median (P25, P75) 8.0  (2.0, 22.1) 4.5  (1.0, 20.5) 0.025 
ESR (mm/1h), median (P25, P75) 38.0  (18.0, 60.0) 30.0  (12, 52.8) 0.001 
Erosion, n (%) 77  (24.8) 19  (6.5) <0.001 

RF: rheumatoid factor; CCP: cyclic citrullinated peptide; CRP: C-reactive protein; ESR: erythrocyte 
sedimentation rate.
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89.1%, p<0.001; 83.7% vs. 78.2 %, 
p=0.02, respectively). In addition, the 
NPV of the ERA criteria were similar 
to the 2010 ACR/EULAR and higher 
than the 1987 ACR criteria (79.1% vs. 
77.4% and 64.9%). The PPV of ERA 
criteria was similar to 1987ACR cri-
teria, and both were higher than 2010 
ACR/EULAR (83.7%, 84.2%, and 
79.3%, respectively) (Table III). 
The LR+ of the ERA criteria was high-
er than the 2010 ACR/EULAR criteria 
and lower than the 1987 ACR crite-
ria, while the LR- of the ERA criteria 
was similar to the 2010 ACR/EULAR 
criteria and both were lower than the 
1987 ACR criteria (Table III). The 
ROC curves of three criteria in over-
all population were plotted in Figure 
1, which showed that the AUC of the 
ERA criteria was similar to the 2010 
ACR/EULAR criteria (0.878 vs. 0.849, 
p=0.071), and much higher than that of 
the 1987 ACR criteria (0.878 vs. 0.792, 
p<0.0001), respectively.
Three countries were involved in our 
study, and the diagnostic values of the 
ERA criteria were compared among 
them. The sensitivity, specificity, PPV, 
NPV, LR+ and LR- of the three criteria 
sets at the proposed cut-off points were 
shown in Table III. The ERA criteria 
had higher sensitivity and NPV compar-
ing to the 1987 ACR, which had similar 
sensitivity and specificity comparing to 
the 2010 ACR/EULAR criteria. And 
the results of LR in three countries were 
similar to the total cohort.
In the Chinese cohort, the AUC of the 
ERA criteria was 0.877, comparable 
to that of the 2010 ACR/EULAR cri-
teria (0.855, p=0.055), and higher than 
that of the 1987 ACR criteria (0.792, 
p<0.0001). The Swedish and Indian 
cohorts yielded consistent results with 
Chinese cohorts (not shown).

Comparison of different 
classification criteria in 
seronegative ERA
We divided the patients into seroposi-
tive and seronegative groups, and the 
values of the three classification criteria 
areshown in Table IV. The ERA criteria 
had lower sensitivity but higher speci-
ficity in seronegative patients than in 
seropositive patients (86.3% vs. 54.9% 

and 52.2% vs. 89.5%, respectively). 
For seronegative patients, the sensi-
tivity of ERA and 2010 ACR/EULAR 
criteria were similar to each other but 
higher than that of 1987 ACR criteria. 
The specificity and PPV of the ERA 
criteria were similar to the 2010 ACR/
EULAR criteria. The LR+ of the ERA 
criteria was between the 2010 ACR/
EULAR and 1987 ACR criteria (5.23, 
3.80 and 6.22) while the LR- of three 
criteria were comparable (Table IV). 
The AUC of ERA and 2010 ACR/      
EULAR were comparable 0.785, 0.772 
and 0.769 (Fig. 2).

Performance of three classification 
criteria in very early RA
To evaluate the diagnostic performance 
of ERA criteria in early stages, we ana-
lysed the three criteria for sensitivity, 
specificity, PPV, NPV according to the 
disease course, as shown in Figure 3. 
For the very early patients with symp-
toms less than 3 months, the ERA cri-
teria had higher sensitivity, specificity, 
PPV, NPV than 2010 ACR/EULAR cri-
teria (78.4% vs. 74.5% for sensitivity, 
p=0.454; 86.0% vs. 79.5% for specific-
ity, p<0.05). Meanwhile the sensitivity 
and NPV were higher than 1987 ACR 

Table III. Sensitivity, specificity, PPV, NPV of the three countries.

 Sensitivity Specificity PPV NPV LR+ LR-
 (%)  (%)  (%)  (%) 

All patients (n=589)    
ERA 79.2 83.7 83.7 79.1 4.86 0.25
2010 ACR/EULAR 78.3 78.2 79.3 77.4 3.59 0.28
1987 ACR 54.5 89.1 84.2 64.9 5.00 0.51
      
China (n=399)  
ERA 72.3 87.8 85.9 75.5 5.93 0.32
2010 ACR/EULAR 72.3 83.2 81.6 74.5 4.30 0.33
1987 ACR 39.1 92.4 84.0 59.7 5.14 0.66
   
Sweden (n=91)    
ERA 88.0 90.2 91.7 86.0 8.98 0.13
2010 ACR/EULAR 82.0 90.2 91.1 80.4 8.37 0.20
1987 ACR 80.0 92.7 93.0 79.2 10.96 0.22
   
India (n=116)    
ERA 95.0 64.3 74.0 92.3 2.66 0.08
2010 ACR/EULAR 96.7 51.8 68.2 93.5 2.01 0.06
1987 ACR 85.0 75.0 78.5 82.4 3.40 0.20

PPV: positive predictive value; NPV: negative predictive value; LR+: positive likelihood ratio; LR-: 
negative likelihood ratio.

Fig. 1. Receiver operating 
characteristic curve of th-
ree criteria in the overall 
population (n=606).
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criteria (78.4% vs. 41.2% for sensitiv-
ity, p<0.001), respectively. 
The ERA criteria had the highest LR+ 
(10.59, 3.63 and 3.15) and lowest LR- 
(0.23, 0.32 and 0.68) in comparison 
with the 2010 and 1987 criteria. The 
ERA criteria had an AUC of 0.885 in 
this cohort. In comparison, the AUC of 
the 1987 ACR criteria and 2010 ACR/

EULAR criteria were 0.829 (p=0.007) 
and 0.743 (p<0.0001) (Fig. 4).

Concordance between the three criteria
In 312 RA patients, 158 patients met 
three criteria simultaneously. 65 patients 
met both ERA and 2010 ACR/EULAR 
criteria, while 8 patients met both ERA 
and 1987 ACR criteria. Kappa coef-

ficient of the ERA criteria with 2010 
ACR/EULAR and 1987 ACR criteria 
were 0.71 and 0.65, respectively. In RA 
patients, forty patients were considered 
discordant: 3 patients only met the 1987 
ACR criteria and 21 patients fulfilled 
only 2010 ACR/EULAR criteria, while 
16 patients fulfilled only the ERA cri-
teria respectively. Meanwhile, in non-
RA patients, seventy-nine patients met 
at least one of the three criteria. Among 
these, 64 met the 2010 ACR/EULAR, 
more than the patients who met the ERA 
and 1987 ACR criteria (64 vs. 48 and 
32, respectively) (Fig. 5).

Discussion 
Diagnosing RA is a highly individual-
ised process led by the rheumatologist. 
The 1987 ACR classification crite-
ria are well accepted as providing the 
benchmark for disease classification, 
but have been criticised for their lack of 
sensitivity in early disease because they 
were derived by trying to discriminate 
patients with established RA from other 
definite rheumatic diseases. Moreover, 
it does not help achieve the goal of 
identifying patients who would benefit 
from early effective intervention (9). 
Until 2010, ACR and EULAR devel-
oped a new classification criteria for RA 
to facilitate early recognition of RA, to 
guide therapeutic intervention and also 
to form homogeneous early RA patient 
groups for clinical trials (14). Several 
studies have assessed the diagnostic ac-
curacy of the 2010 ACR/EULAR clas-
sification criteria in comparison with 
the 1987 criteria in several cohorts of 
patients, which indicates a substantially 
higher sensitivity but lower specificity, 
and raises a potential for overclassifica-
tion and overtreatment (10-12, 18). In 
the past ten years, we have addressed 
and classified a variety of RA-related 
issues, including epidemiology, mecha-
nisms of pathogenesis, early diagnosis 
and prolonged intention therapy (6, 19, 
20). One of them was the establishment 
of the ERA classification criteria. Then 
JX Zhao and H Ye et al. reported that 
the ERA criteria showed a sensitiv-
ity of 72.3–78.4 % and specificity of 
86.3–87.8 % in Chinese cohorts. These 
prospective studies demonstrate that 
the ERA criteria may be more sensitive 

Table IV. Sensitivity, specificity, PPV, NPV of seropositive and seronegative patients.

 Sensitivity Specificity PPV NPV LR+ LR-
 (%)  (%)  (%)  (%) 

Seropositive patients (n=288)
ERA 86.3 52.2 90.4 42.1 1.81  0.26 
2010 ACR/EULAR 86.3 34.8 87.4 32.7 1.32  0.39 
1987 ACR 56.4 71.7 91.3 23.9 1.99  0.61 

Seronegative patients (n=318)
ERA 54.9 89.5 60.0 87.4 5.23  0.50 
2010 ACR/EULAR 52.1 86.3 52.1 86.3 3.80  0.56 
1987 ACR 47.9 92.3 64.2 86.1 6.22  0.56 

Seropositive: RF and/or anti-CCP were/was positive; Seronegative: both RF and anti-CCP were nega-
tive; LR+: positive likelihood ratio; LR-: negative likelihood ratio.

Fig. 2. Receiver operating 
characteristic curve of th-
ree criteria in the serone-
gative patients (n=318).

Fig. 3. Sensitivity, 
specificity, PPV, NPV 
of three criteria in the 
very early arthritis 
patients with duration 
less than 3 months 
(significance indica-
ted as *p<0.05, and 
***p<0.001).



846 Clinical and Experimental Rheumatology 2020

An international validation of ERA criteria / R. Li et al.

or feasible than the 1987 ACR and 2010 
ACR/EULAR criteria for the detection 
of RA in early stages (16, 17). 
Our aim in this study was to validate 
the real-world performance of the new 
criteria in different rheumatic diseases 
in an international multicentre cross-
sectional study. In the current study we 
compared three different classification 
criteria for early RA and investigated 
the performance of the ERA classifica-
tion criteria in the international multi-
centre cohorts. Comparing to the 1987 
criteria, the sensitivity, NPV, and the 
AUC were higher under the ERA cri-
teria, while the specificity was slightly 

lower. The higher detection ability of 
the newly proposed criteria was desir-
able because several studies reviewed 
that the 1987 criteria would ‘miss’ RA 
at an early stage (8, 9). The sensitivity, 
specificity, LR+ and AUC of the ERA 
criteria were comparable to or slightly 
higher than the 2010 ACR/EULAR cri-
teria in our study, while the LR- was 
comparable between the ERA and 2010 
ACR/EULAR criteria, indicating that 
the performance of the ERA criteria 
might be similar to or better than 2010 
criteria in early arthritis patients. In ad-
dition, the ERA criteria seems to pro-
vide an easier way than the 2010 ACR/

EULAR criteria which assesses all of 
the joints and uses a scoring system 
complicated in clinical practice lacking 
of the application convenience. How-
ever, international multicentre prospec-
tive studies are still needed to deter-
mine causal relationships and to avoid 
recall bias.
Three countries were involved in our 
study. The diagnostic value of the ERA 
criteria was evaluated among them. 
The results of three cohorts were con-
sistent with the overall. However, the 
sensitivity and specificity of Sweden 
was higher while the Indian cohort had 
higher sensitivity but lower specificity 
than Chinese cohort. The reason why 
the performance of the new criteria dif-
fers in these cohorts is not clear, which 
may be due to the higher rate of bone 
erosion in Swedish and Indian cohorts, 
the influence of geographic location and 
ethnicity for the diagnosis of RA. 
Individuals who have seronegative ar-
thritis may be missed for classification 
as RA due to the relative weight of the 
autoantibodies among the criteria before 
(14). Our study showed that the sensi-
tivity of the ERA criteria in seronega-
tive cohort is 54.9%, similar to the 2010 
ACR/EULAR and higher than the 1987 
ACR criteria, which means that both the 
ERA and 2010 ACR/EULAR criteria 
are useful to detect RA patients, even 
for those seronegative patients. How-
ever, the specificity of three criteria in 
seropositive patients were decreased, 
especially of the 2010 ACR/EULAR 
criteria, consistent with the study of 
Kaneko et al. (13), which might result 
from the misclassification as RA caused 
by a small number of swollen joints, 
non-specific high-titre RF positivity 
and mildly elevated ESR. In very early 
arthritis (≤3 months), the sensitivity, 
LR+, and the AUC of the ERA crite-
ria exceeded that of the 1987 ACR and 
2010 ACR/EULAR criteria, and LR- of 
the ERA criteria was the lowest, indi-
cating that the ERA criteria might have 
the highest diagnostic value in the very 
early inflammatory arthritis patients. 
However, further studies with larger 
populations, combined with objective 
measures is needed to confirm it.
In addition, the commonly used gold 
standards, such as objective diagnosis by 

Fig. 4. Receiver opera-
ting characteristic curve 
of three criteria in the 
very early arthritis pa-
tients (n=224).

Fig. 5. Venn diagram of the number of patients fulfilling the three different classification criteria in 
ERA (n=312) and non-RA patients (n=294): (A) In ERA patients, 158 patients met the all three crite-
ria, and in patients who did not meet the 1987 ACR and 2010 ACR/EULAR criteria, there were still 
16 patients who met the ERA criteria. (B) In non-RA patients, 79 fulfilled one of the three criteria. 
Among them there were 64, 32 and 48 patients who met the 2010 ACR/EULAR, 1987 ACR and the 
ERA criteria, respectively.
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physicians, experimental treatment with 
methotrexate (MTX), or disease-modi-
fying anti-rheumatic drugs (DMARDs), 
may cause moderate levels of variations 
(12, 14, 15, 21). The diagnosis by phy-
sicians may be affected by long-time 
influence of the existed criteria, so the 
sensitivity might be overestimated, and 
its accuracy also depends on the physi-
cians’ understanding of RA. However, 
all rheumatologists in this study were 
experienced and most of the diagnoses 
were believed to be correct. Since the 
centres involved were major academic 
medical institutes, there are possibili-
ties that the enrolled subjects were more 
likely to have RA, which lead to the fact 
that the PPV might be highly estimated. 
However, the strength of the study lies 
in its multicentre and international na-
ture so that the results can be seen as a 
representative of early arthritis cohorts 
anywhere.
In conclusion, the ERA criteria showed 
a better sensitivity and NPV than 1987 
ACR criteria, and compared to 2010 
ACR/EULAR criteria, the ERA crite-
ria is more specific and feasible in daily 
practice for early RA diagnosis. There is 
a considerable concordance of the ERA 
criteria with 2010 ACR/EULAR and 
1987 ACR criteria.
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