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Abstract 

CADIAG-2/RHEUMA is a medical expert system assisting in the differential diagnosis of rheumatic 
diseases. The aim of this study was to establish a set of criteria for diagnosing definite rheumatoid 
arthritis (RA) that provides optimal accuracy and to implement this set of criteria as an IF
THEN rule for application in CADIAG-2/RHEUMA. First, two different sets of criteria for the 
classification of definite RA described in medical literature were implemented and their respective 
diagnostic accuracies were evaluated with 154 patients suffering from RA and 154 control subjects. 
Second, that set of criteria which had performed best became the starting point for establishing an 
improved set of diagnostic criteria-that eventually reached an accuracy of 88.7% (81.8% sensitivity 
and 95.5% specificity). This improvement was possible by combining literature definition of RA 
with specific clinical experience of a rheumatology expert. 

1. Introduction 

CADIAG-2/RHEUMA is a medical expert system designed to assist in establishing differential 
diagnoses of rheumatic diseases. Its theoretical background and integration into a medical in
formation system were described in [1,2,3,5]. The expert system's accuracy has been evaluated 
before, reaching 93.7% sensitivity by evaluating 426 patients with rheumatoid arthritis, gout, 
ankylosing spondylitis, psoriatic arthritis, Sjogren's disease, systemic lupus erythematosus, Rei
ter's disease, and systemic sclerosis [2]. 

This study is focused on the diagnosis of rheumatoid arthritis (RA). Three different sets of 
RA diagnostic criteria were used and applied to RA patients and a control group with non
RA rheumatic diseases. All three sets were based on RA classification criteria edited by The 
American Rheumatism Association (ARA, now The American College of Rheumatology) [4,5]. 
In CADIAG-2/RHEUMA, each set of diagnostic criteria was implemented as one IF-THEN rule. 
The three established rules are: 

• rule 1 was implemented according to the revised 1958 ARA criteria for the classification of 
definite RA [6]; 

• rule 2 was implemented according to the revised 1987 ARA criteria for the classification of 
(definite) RA [4]; 
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• rule 3 combined both literature definition and specific clinical experience of a rheumatology 
expert: As rule 1, it was implemented according to the revised 1958 ARA criteria for the 
classification of definite RA; however, several criteria were changed and redefined by the 
rheumatology expert. 

The aims of the study were: (a) which of the two initial sets of RA diagnostic criteria 
performed best; (b) whether the best performing set of criteria could still be improved; and 
(c) whether splitting both RA patients and control subjects into subsets (according to disease 
stages, disease characteristics, and concomitant diseases) would give a more detailed picture of 
the expert system's performance. 

2. Patient data 

All 154 RA patients and 154 control subjects of this study underwent treatment in a 140-bed 
hospital for rheumatic diseases in Baden/Austria. Only adults with disease onset aiter age 16 
were included. The mean ages of RA and non-RA patients were similar, whereas sex percentages 
differed because of a larger number of male control patients. 

RA patients: 150 of the 154 RA patients had a confirmed clinical diagnosis of RA. The remaining 
4 patients were diagnosed as suspected RA cases. (At time of data collection, a more specific 
diagnosis was not possible; they were, however, confirmed as definite RA cases later.) The 
confirmed RA patients were additionally subdivided into the following groups: 

• disease stage (The disease staging used in tins study is based on radiographic findings and 
was introduced by Steinbrocker et al. [7]); 

• presence or absence of rheumatoid factor (seropositivity/seronegativity); and 

• concomitant rheumatic diseases with no relation to RA according to the following categoriza-
tion: (1) concomitant diseases of the vertebral column; and (2) concomitant osteoporosis. 

Control subjects: Any patient with a rheumatic disease other than RA was designated a control 
subject. The clinical diagnoses represent a cross-section of patients that were treated in the 
hospital mentioned above. 

3. Method 

The results shown in Tables 1-5 were obtained by comparing CADIAG-2/RHEUMA's diagnostic 
results with the available confirmed clinical diagnoses. In addition, it has to be mentioned that 
a CADIAG-2/RHEUMA diagnosis was taken as established if it was either a confirmed diagnosis 
or a diagnostic hypothesis with a degree of confirmation of at least 0.5 (cf., [1,3]). 

4. Results 

4.1. Results obtained with rules 1 and 2 (based on literature definition) 

True positive results (sensitivity) with RA patients: As shown in Table 1, rule 1 performed best 
reaching a sensitivity of 75.3%. Tables 2-4 show the different diagnostic results obtained in the 
RA subgroups. Cases with early disease stage (stage 1), cases with seronegative RA, and cases 
with concomitant diseases of the vertebral column tended to cause a lower sensitivity. 

False positive results (lOO%-§pecificity rate) with control subjects: As shown in Table 5, rule 1 
performed best reaching a specificity of 87.7%. A substantial number of patients with psoriatic 
arthritis and systemic lupus erythematosus yield incorrect results, a fact which lead to further 
developments, as is described in Section 4.2. 
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Table 1: True positive results (sensitivity) obtained by the literature-based rules 1 and 2 
in patients with rheumatoid arthritis (RA). 

diagnosis total number rule 1 rule 2 
of patients (ARA 1958 definite) (ARA 1987 definite) 

suspected RA 4 1 1 

seropositive RA, stage 1 9 7 6 

seronegative RA, stage 1 19 10 10 

seropositive RA, stage 2 25 22 21 

seronegative RA, stage 2 26 17 16 

seropositive RA, stage 3 28 23 25 

seronegative RA, stage 3 20 18 15 

seropositive RA, stage 4 17 13 12 

seronegative RA, stage 4 6 5 5 

total number of diagnoses 154 116 111 

sensitivity rates 75.3% 72.1% 

Table 2: True positive results (sensitivity) obtained by the literature-based rules 1 and 2 
in RA patients, disease stages 1-4. 

diagnosis total number rule 1 rule 2 
of patients (ARA 1958 definite) (ARA 1987 definite) 

RA, stage 1 28 17 (61%) 16 (57%) 
RA, stage 2 51 39 (76%) 37 (72%) 
RA, stage 3 48 41 (85%) 40 (83%) 
RA, stage 4 23 18 (78%) 17 (74%) 

Table 3: True positive results (sensitivity) obtained by the literature-based rules 1 and 2 
in seropositive and seronegative RA patients. 

diagnosis 

seropositive RA 
seronegative RA 

total number rule 1 
of patients (ARA 1958 definite) 

79 65 (82%) 
71 50 (70%) 
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rule 2 
(ARA 1987 definite) 

64 (81%) 
46 (64%) 



Table 4: True positive results (sensitivity) obtained by the literature-based rules 1 and 2 
in RA patients with and without concomitant spinal diseases. 

diagnosis total number rule 1 rule 2 
of patients (ARA 1958 definite) (ARA 1987 definite) 

no concomitant diseases 74 59 (80%) 54 (73%) 
diseases of the vertebral column 50 36 (72%) 34 (68%) 
osteoporosis 26 20 (77%) 22 (85%) 

Table 5: False positive results (lOO%-specificity rate) obtained by rules 1 and 2 
in control subjects. 

diagnosis total number rule 1 rule 2 
of patients (ARA 1958 definite) (ARA 1987 definite) 

osteoarthrosis 44 2 0 
gouty arthritis 32 0 4 
ankylosing spondylitis 30 2 0 
psoriatic arthritis 20 10 10 
joint tuberculosis 4 1 1 
other joint infections 4 1 1 
Reiter's disease 4 0 0 
systemic lupus erythematosus 4 2 3 
systemic sclerosis 4 0 0 
polymyositis 3 0 1 
chondrocalcinosis 3 1 0 
polymyalgia rheumatica 2 0 0 

total number of diagnoses 154 19 20 

specificity rates 87.7% 87.0% 

4.2. Development of an improved rule 3 (based on literature definition and clinical 
experience) 

To improve CADIAG-2/RHEUMA's performance, clinical experience of a rheumatology expert was 
needed to modify the established rules. Rule 1 was selected for further improvement because of 
its obtained high sensitivity and specificity. Its criteria were consecutively changed to reach 
higher rates of sensitivity and specificity. Finally, the problem was successfully approached in 
two different ways: 

(a) redefinition of some diagnostic criteria 

The symptom "morning stiffness" was redefined in a more restrictive way, but had to last for 
only 30 minutes instead of 60 minutes. 

The sign "symmetrical joint swelling", which had to be observed by a physician, was re
modelled to "symmetrical joint involvement", with the additional inclusion of patient history 
data. 

(b) addition of some further exclusion criteria 

335 



To avoid false positive results in cases of psoriatic arthritis, an exclusion in case of present 
psoriasis was added to rule 1. This exclusion prevents the diagnosis of definite RA if there is 
sufficient evidence that a patient might actually suffer from psoriatic arthritis. 

4.3. Diagnostic results obtained with the improved rule 3 (based on literature 
definition and clinical experience) 

All improvements lead to a definite rule for RA which showed a sensitivity of 81.8% and a 
specificity of 95.5%, thus reaching a total accuracy of 88.7% (means of sensitivity and specificity 
rates) as is shown in Table 6. 

Table 6: Sensitivity, specificity, and accuracy rates obtained by 
rules 1 and 2 and improved rule 3 

rule 1 rule 2 rule 3 
(ARA 1958 definite) (ARA 1987 definite) (improved rule 1) 

sensitivity 75.3% 72.1% 81.8% 
specifici ty 87.7% 87.0% 95.5% 
accuracy 81.5% 79.6% 88.7% 

5. Discussion 

It could be shown that an expert system using diagnostic criteria published in the medical 
literature can perform successfully. As the ARA criteria were developed for classification purposes 
to get more uniform cohorts of RA patients for various clinical studies, an improvement might still 
be reached adding subjective clinical experience of a medical specialist for diagnostic purposes. 
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