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Abstract
Introduction Frequent assessments of rheumatoid arthritis (RA)
disease activity allow timely adaptation of therapy, which is
essential in preventing disease progression. However, values of
acute phase reactants (APRs) are needed to calculate current
composite activity indices, such as the Disease Activity Score
(DAS)28, the DAS28-CRP (i.e. the DAS28 using C-reactive
protein instead of erythrocyte sedimentation rate) and the
Simplified Disease Activity Index (SDAI). We hypothesized that
APRs make limited contribution to the SDAI, and that an SDAImodification eliminating APRs – termed the Clinical Disease
Activity Index (CDAI; i.e. the sum of tender and swollen joint
counts [28 joints] and patient and physician global assessments
[in cm]) – would have comparable validity in clinical cohorts.

correlated strongly with DAS28 (R = 0.89–0.90) and
comparably to the correlation of SDAI with DAS28 (R = 0.90–
0.91). In additional analyses, the CDAI when compared to the
SDAI and the DAS28 agreed with a weighted kappa of 0.70 and
0.79, respectively, and comparably to the agreement between
DAS28 and DAS28-CRP. All three scores correlated similarly
with Health Assessment Questionnaire (HAQ) scores (R =
0.45–0.47). The average changes in all scores were greater in
patients with better American College of Rheumatology
response (P < 0.0001, analysis of variance; discriminant
validity). All scores exhibited similar correlations with
radiological progression (construct validity) over 3 years (R =
0.54–0.58; P < 0.0001).

Method Data sources comprised an observational cohort of
767 RA patients (average disease duration 8.1 ± 10.6 years),
and an independent inception cohort of 106 patients (disease
duration 11.5 ± 12.5 weeks) who were followed prospectively.

Conclusion APRs add little information on top (and
independent) of the combination of clinical variables included in
the SDAI. A purely clinical score is a valid measure of disease
activity and will have its greatest merits in clinical practice rather
than research, where APRs are usually always available. The
CDAI may facilitate immediate and consistent treatment
decisions and help to improve patient outcomes in the longer
term.

Results Our clinically based hypothesis was statistically
supported: APRs accounted only for 15% of the DAS28, and for
5% of the SDAI and the DAS28-CRP. In both cohorts the CDAI

Introduction
Rheumatoid arthritis (RA) is a progressive inflammatory disease, which causes damage and disability [1-5] that can be

prevented by promptly initiated and effective therapy [6-9]. To
ensure that therapy is effective, frequent clinical assessments
are needed [10-12]. For the purpose of disease activity

ACR = American College of Rheumatology; ANOVA = analysis of variance; APR = acute phase reactant; CDAI = Clinical Disease Activity Index; CI
= confidence interval; CRP = C-reactive protein; DAS = Disease Activity Score; ESR = erythrocyte sedimentation rate; EULAR = European League
Against Rheumatism; HAQ = Health Assessment Questionnaire Disability Index; EGA = evaluator global assessment; PGA= patient global assessment; RA = rheumatoid arthritis; SDAI = Simplified Disease Activity Index; SJC = swollen joint count; TJC = tender joint count; VAS = visual–analogue
scale (100 mm); WHO–ILAR = World Health Organization–International League of Associations for Rheumatology.
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assessment, valid assessment tools using the well established
ACR/EULAR/WHO–ILAR (American College of Rheumatology/European League Against Rheumatism/World Health
Organization–International League of Associations for Rheumatology) core set variables of disease activity [13-15] are
available, such as the Disease Activity Score (DAS) [16]. Also
available are the mathematical modifications to the DAS,
namely the DAS28 (based on 28-joint counts) and the
DAS28-CRP (i.e. the DAS28 using C-reactive protein [CRP]
instead of erythrocyte sedimentation rate [ESR]) [17,18], and
the recently introduced Simplified Disease Activity Index
(SDAI) [19].
However, these scores are rarely used to follow patients in
clinical practice because they either employ extensive joint
counts (DAS), their computation requires the use of calculators (DAS, DAS28, DAS28-CRP), or their results are not
accessible for immediate decision making at the time of
patient–physician interaction because of missing laboratory
results (DAS, DAS28, DAS28-CRP and SDAI). Although the
inclusion of CRP and ESR is fully justified by their face and
content validity, the delay associated with their assessment
might be one reason why many physicians do not apply composite scores to guide their clinical decisions.
We hypothesized that an abbreviating modification to the
SDAI that omits CRP would be a useful score in clinical practice. Our hypothesis was based on the following factors. First,
laboratory test results are frequently missing at patient visits,
and thus the long-term benefit of a therapeutic approach that
is guided by consistent, regular and immediate assessments
of disease activity could be jeopardized. Second, simple
scores that can be performed 'on the spot' are more likely to
be successfully adopted. Third, the principle of numerical summation has been proven and validated to be equivalent to more
complex methods of computation [19-23]. Fourth. acute
phase reactants (APRs) correlate with each of the other core
set variables, especially those employed in the composite indices, suggesting that they may not add importantly to a composite score [24]. Finally, the ACR response criteria consist of
an invariable part (joint counts) and a variable part [25], the latter of which employs the APR as one of five measures.
Because only three of these measures need to change by
more than 20%, the APR is not necessarily required to assess
changes in disease activity according to the ACR response
criteria; nevertheless, the ACR response criteria agree well
with the DAS28 and the SDAI response in data from clinical
trials [19,26].
In the present study we established that our initial hypothesis
was valid by showing that the contributions made by CRP and
ESR to various composite scores are low. We subsequently
assessed the correlational, discriminant, and construct validity
of a clinical activity index omitting APR in comparison with
established scores.
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Method
Datasets
One source of data employed was a large observational
cohort of RA outpatients, who were seen on a regular basis,
usually every 3 months. At each visit clinical, functional and
laboratory core set variables [18-20] and disease activity
according to the composite scores DAS28 and SDAI were
documented. Clinical assessments including joint counts were
performed by independent, trained assessors who were not
involved in treatment decisions. In July 2004, data on 998
patients followed in our clinics had been entered into the database. Each patient's first visit with complete documentation of
clinical data was included to assemble the 'routine' cohort.
There were 767 patients with at least one complete observation, and the first of these complete observations was used for
the analyses. Of all 5070 patient observations that were initially documented, 2564 (50.6%) had missing data. Among
these incomplete observations, 45% (n = 1150) had missing
ESR and/or CRP values.

The second source of data was an independent cohort of
newly diagnosed RA patients ('inception' cohort), whose visits
were documented in the same manner as described above but
starting from their first presentation to the clinic. The referral
pattern and detailed follow up of these patients were
described elsewhere [9,27]. Radiographs of the hands and
feet were obtained every 1–2 years, and were scored using
the Larsen method [28] by a team of two experienced readers;
they were presented to the readers in chronological order.
Reassessment of a random subgroup of 40 radiographs of
hands and feet revealed good agreement (R = 0.86, 95% confidence interval [CI] 0.81–0.91). All patients in the inception
cohort received disease-modifying antirheumatic drugs, such
as methotrexate, as soon as the diagnosis was made, with a
few exceptions in patients who refused to take such therapy
immediately.
The demographic and disease activity characteristics of
patients in both cohorts are summarized in Table 1. Because
several baseline variables were not normally distributed (see
below), we present the median along with the first and third
quartiles as robust descriptive measures.
Distribution of study variables and appropriateness of
test statistics
Whenever variables were normally distributed, as assessed
using the Kolmogorov–Smirnov test, we performed parametric
test statistics (such as Pearson correlation, or one-way analysis of variance [ANOVA]). In several cases, skewed distributions required the use of nonparametric tests (such as
Spearman rank correlation). However, the exploratory analysis
on the contribution of APRs to the various composite scores
was based on a linear regression model despite non-normal
distributions of several variables, given the large numbers of
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Table 1
Characteristics of patients in routine and inception cohorts
Characteristic

Routine cohort (cross-sectional)

Inception cohort (longitudinal)

Patients (n)

767

106

Age (years; mean ± SD)

54.1 ± 14.9

50.5 ± 15.6

Sex (% female)

79.9

75.2

Rheumatoid factor (% positive)

55.3

78.1

Disease duration at baseline (mean ± SD)

8.1 ± 10.6 years

11.5 ± 12.5 weeks

Duration of follow up (years; mean ± SD; range)

-

3.2 ± 1.3; 1–7.25

At cross-section

At baseline

Swollen joint count (0–28)

3 (1;7)

7 (4;13)

Tender joint count (0–28)

2 (0;6)

8 (3;16)

ESR (mm; normal <20)

23 (14;55)

49 (24;70)

CRP (mg/dl; normal <1.0)

1.1 (0.5;2.7)

5.1 (1.9;17.0)

Patient assessment of pain (mm; 0–100)

37 (19;53)

50 (32;66)

Patient global assessment of activity (mm; 0–100)

37 (18;58)

51 (33;66)

Evaluator global assessment of activity (mm; 0–100)

34 (19;49)

44 (31;58)

HAQ (0–3)

0.875 (0.25;1.5)

0.75 (0;1.5)

Larsen score

-

1 (0;7)

Cross-sectional correlation between composite indices (n [%])

767/767 (100)a

105/106 (99.1%)b

Cross-sectional correlation with HAQ scores (n [%])

720/767 (93.9)

104/106 (98.1)b

Discriminant validity, 1-year follow up (n [%])

-

91/100 (91.0%)

Construct validity, 3-year follow upc (n [%])

-

56/80 (70.0%)

Disease activity characteristics (median [1st;3rd quartile])

Completeness of data for analysis

aCompleteness of data was the prerequisite for inclusion. bUsed to validate the results from the
cIncluding complete radiological data. CRP, C-reactive protein; ESR, erythrocyte sedimentation

cross-sectional analyses in the routine cohort.
rate; HAQ, Health Assessment Questionnaire;

SD, standard deviation.

observations in the routine cohort (n = 767; Table 1), which is
sufficient to invoke the central limit theorem.
Analysis of the contributions of acute phase reactants to
current composite scores
Calculations of the DAS28 and SDAI are based on the following: numbers of swollen and tender joints (swollen joint count
[SJC] and tender joint count [TJC]), employing the 28 joint
count; evaluator's and/or patient's global assessment of disease activity (EGA, PGA); and CRP or ESR. The following formulae are the basis for their calculation [16,19]:

DAS28 = (0.56 × TJC1/2) + (0.28 × SJC1/2) + (0.7 × ln [ESR])
+ (0.014 × PGA [in mm])
SDAI = SJC + TJC + PGA (visual–analogue scale [VAS; in
cm]) + EGA (VAS [in cm]) + CRP (in mg/dl)

In addition, we calculated a version of the DAS28 that, like the
SDAI, employs CRP rather than ESR, and is obtained as follows [18]:
DAS28-CRP = (0.56 × TJC1/2) + (0.28 × SJC1/2) + (0.36 ×
ln [CRP; in mg/l])+1) + (0.014 × PGA [in mm]) + 0.96
To determine whether our clinical hypothesis that CRP makes
a small contribution to the SDAI would withstand statistical
analysis, we first evaluated the contributions made by individual component variables to the SDAI. We constructed a
perfect fit regression model to predict the score by its items,
using cross-sectional patient observations from the routine
dataset (n = 767). For each variable contained in the SDAI, we
determined the contribution made to the SDAI (R2) when the
variable was introduced as first (zero order) or last (final) variable in the model. In addition, we determined each item's colinearity, presented as the proportion of its variance that was
explained by the other items in the score, which equals the
term (1 - tolerance) × 100. The three parameters (zero order
and final model contributions, and colinearity diagnostics) pro-

R798

Arthritis Research & Therapy

Vol 7 No 4

Aletaha et al.

vide overlapping information, and were used to assess the statistical characteristics of CRP in the SDAI.

used weighted kappa statistics to assess agreement of different scores on individual patients.

We then followed an analogous sequence of analyses to
determine model contribution and colinearity of individual
component variables to the DAS28 and the DAS28-CRP. To
allow construction of the perfect fit model, introduction of
items into the regression model employed transformed values
according to the respective formulae (SJC and TJC as square
roots, and ESR and CRP as their natural logs).

Discriminant validity
For the assessment of discriminant validity we characterized
patients by their degree of improvement according to the ACR
response criteria within 1 year after entering the inception
cohort (n = 91 with complete baseline and 1 year data). We
divided ACR responses into three groups: lack of response
(<20% improvement by ACR response criteria), major
response (≥ 70% improvement), or moderate response (≥
20% but <70% improvement). Using one-way ANOVA, we
analyzed whether changes in the various continuous scores
were greater in higher ACR responder groups, and whether
these differences were statistically significant at the group
level. We then used post hoc t-tests with Bonferroni adjustment to determine which groups were statistically different in
pairwise comparisons. Also, effect sizes for each group were
calculated as changes in scores divided by their baseline
standard deviations [33].

Clinical activity index and assessment of comparative
validity
Next, we calculated the Clinical Disease Activity Index (CDAI)
as follows:

CDAI = SJC + TJC + PGA (in cm) + EGA (in cm)
We determined several aspects of validity of the CDAI [29]:
correlational validity refers to comparison with other measures
of disease activity; discriminant validity in this setting relates to
the correlation of changes in the scale with changes in other
measures of disease activity; and construct validity considers
correlation with important outcomes of the disease, such as
radiological progression.

Correlational validity
Correlational validity between CDAI, DAS28 and SDAI was
assessed in patients from the routine cohort (n = 767) using
Spearman's rank statistics. In addition, we calculated 95% CIs
using Fisher's approximation. Next, we used the Health
Assessment Questionnaire Disability Index (HAQ) score as an
additional comparator in the correlation analysis with these
indices (n = 720). As a functional measurement, the HAQ is
determined by accumulated joint damage but also by disease
activity [30-32]. Moreover, the HAQ is an independent comparator that does not include joint counts, global assessments,
or APRs, in contrast to composite scores, which are all based
on similar sets of variables. We then validated these results in
an independent group of patients at their first presentation
using the inception cohort (n = 105). In this manner, the
results from a cohort with, on average, moderate disease activity were validated in another one with high disease activity
(Table 1).
In addition to the presented correlation coefficients, we sought
to determine the agreement of the different scores in individual
patients. We therefore created 10 patient groups of equal size
based on the patients' DAS28 ranks within the cohort. The
groups were ordered (i.e. the first group comprised the 10%
of patients with the lowest DAS28, and the last group comprised the 10% with the highest DAS28 values). Then, we
grouped the patients in the same way based on their CDAI,
SDAI and DAS28-CRP ranks. Based on these groups, we
R799

In addition to the comparison with ACR response, we correlated changes in the continuous scores with respective
changes in HAQ scores during the first year of disease (n =
91), using Spearman rank correlation and Fisher's approximation as described above. However, in this early cohort, HAQ
score mainly reflects disease activity rather than being a measure of functional outcome (i.e. a surrogate for construct
validity).

Construct validity
Radiographic data were available for the majority of the 80
patients in the inception cohort who were followed for 3 years
(n = 56), which constituted a clinically meaningful time frame
in which to detect major changes in damage. We performed
linear (Pearson) correlation of time averaged disease activity
(equivalent to area under the curve) for DAS28, SDAI and
CDAI with changes in Larsen score over 3 years. Again, we
calculated 95% CIs as above. For simplicity, we did not
employ more sophisticated methods, such as longitudinal
modelling (e.g. by generalized estimating equations), in this
validation analysis.

Results
Contribution of acute phase reactants to composite
scores
Figure 1 depicts the results from the perfect fit regression
models. Items are ordered according to their contribution
when introduced into the model as first variable (zero-order R2
contribution; dark bars); the independent variables that best
accounted for the SDAI (Fig. 1a) were TJC (R2 = 65.1%) and
EGA (R2 = 63.4%), and the variable with the smallest R2 was
CRP (21.5%). When individual variables were introduced as
last items into the model (final R2; grey bars), the contribution
was least for EGA (0.7%) and PGA (1.8%), according to their
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scores. Explanation of score variability for (a) the Simplified Disease Activity Index (SDAI), (b)
the Disease Activity Score (DAS)28, and (c) the DAS28-CRP for the respective clinical and acute phase reactant (APR) variables, at zero-order (i.e.
R2 if the variable was introduced as the first one; black bars) or finally (i.e. R2 if variable was introduced in the model as the last one; grey bars), and
item colinearity within the respective composite index (1 - tolerance, expressed as percentage; white bars; n = 767). CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate; PGA/EGA, patient/evaluator global assessment of disease activity (100 mm visual analogue scale); TJC/SJC, tender/swollen joint count (28 joints).

colinearity (>50% for each). The final R2 for CRP was only
5.1%, despite the practical absence of colinearity (7.7%).
These analyses indicate that CRP was adding independent
information to the score (low colinearity), but that its changes
were not likely to be substantially reflected in changes in the
SDAI (low model contribution).
The results of analogous analyses for the DAS28 and its items
are shown in Fig. 1b. Similar to the results of the SDAI analysis, ESR (as the APR) made the smallest independent contribution to the DAS28 (R2 = 34.0%), and the smallest
colinearity (6.6%), although the final contribution was somewhat higher (14.8%). As in the SDAI, there was a significant
level of colinearity of residual items (white bars), but to a somewhat lesser degree.
To determine whether the difference in final contributions
between ESR in the DAS28 and CRP in the SDAI (14.8% versus 5.1%), given similar degrees of colinearity (6.6% versus
7.7%), was score related (i.e. DAS28 versus SDAI) or item
related (i.e. ESR versus CRP), we analyzed the newly proposed modification to the DAS28 [18], which includes CRP
instead of ESR but otherwise identical variables (DAS28CRP; Fig. 1c). Here, despite the differences in construction of
and component weighing in the two scores, the contributions
made by CRP (zero order 24.5%, final 4.8%) reached similar
levels to CRP in the SDAI (21.5% and 5.1%, respectively).
The low colinearity of APRs in all three scores indicates that
they provide information distinct from the clinical measures.
However, the low model contribution of CRP (about 5%) indicates that only a very small proportion of variance in the

respective indices remains unexplained without CRP, which is
in accord with the small numerical value of CRP in the SDAI
and the DAS28-CRP. Likewise, ESR made a relatively low
model contribution to the DAS28, which is line with a significant correlation between these two APRs in the studied
cohort (R = 0.63; P < 0.001). hypothesized that APRs make
limited contribution to the SDAI
Because our initial hypothesis – that CRP makes a limited contribution to the SDAI, and that excluding CRP from the SDAI
will yield a simple and immediately calculable score – was supported by these statistical analyses, we next validated the
CDAI using the cross-sectional 'routine' cohort and the independent, longitudinal inception cohort of patients with RA. The
quartiles and ranges for the CDAI and for all other mentioned
scores are shown in Table 2 for both patient cohorts.
Cross-sectional correlation and validation of composite
scores and Health Assessment Questionnaire disability
index
We next analyzed the correlation between the DAS28, SDAI
and CDAI, as well as the correlation between these scores
and the HAQ disability index in the routine cohort, which
revealed similar correlation coefficients for CDAI and SDAI
when compared with DAS28 (Fig. 2, upper diagonal half; n =
767). This correlation was fully validated by virtually identical
coefficients obtained in the analysis of the inception cohort
(Fig. 2, lower diagonal half), in which patients had higher disease activity. Likewise, Spearman rank correlations with the
HAQ revealed comparable results for DAS28, SDAI and CDAI
within each of the patient cohorts. The comparable correlation
R800
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Table 2
Values of composite indices in the two cohorts.
Composite scores (rangea)

DAS28 (0.5–9.1)

Routine cohort (n = 767)

Inception cohort (n = 105)

Median

1st;3rd Quartile

Range

Median

1st;3rd Quartile

Range

4.09

2.99;5.17

0.50–8.56

5.62

4.81;6.44

2.84–8.28

DAS28-CRP (1.0–8.5)

3.78

2.71;4.82

1.60–8.28

4.67

4.04;5.50

2.35–7.42

SDAI (0–86)

16.7

8.1;26.7

0.5–78.9

29.0

20.1;41.6

7.5–77.0

CDAI (0–76)

14.8

6.5;23.3

0–67.8

25.6

17.1;37.9

6.3–70.2

aMaximum possible ranges of acute phase reactants assumed: 5–100 mm for erythrocyte sedimentation rate; 0–10 mg/dl for C-reactive protein
(CRP). CDAI, Clinical Disease Activity Index; DAS, Disease Activity Score; SDAI, Simplified Disease Activity Index.
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Changes in composite scores in relation to American
College of Rheumatology response and to changes in
Health Assessment Questionnaire scores
In the inception cohort, ACR20 responses were achieved by
69% of patients at the end of the first year, ACR50 by 59%,
and ACR70 by 47%. To allow comparison of changes in composite scores in individuals with ACR responses, we grouped
patients' improvements into the following categories: nonresponse (ACR response <20%; n = 28, 30.8%), moderate
response (20–69% improvement; n = 20, 22.0%) and major
response (≥ 70% improvement; n = 43, 47.3%). The high rate
of ACR70 responders in this clinic cohort treated with traditional disease-modifying antirheumatic drugs is in accordance

Routinecohort
DAS28
DAS28

Inceptioncohort

In a further analysis, based on the cohort ranks of each
patient's DAS28, DAS28-CRP, SDAI and CDAI values, we
divided the patients into 10 ordered groups for each of the
four scores (from the group comprising the 10% of patients
with the lowest activity to that consisting of the 10% with the
highest activity, by respective score). We then analyzed the
agreement of these categorizations between scores using
weighted kappa statistics [34]. Kappa values range from 0
(agreement as expected by chance) to 1 (maximum possible
agreement beyond chance). For this analysis of individual
patient allocation into the different groups, there was good
agreement of the CDAI with the DAS28-CRP and the DAS28
(κ = 0.79 and 0.70, respectively). The results were similar
when the DAS28 and its derivative, the DAS28-CRP, were
compared (κ = 0.80). Not surprisingly, there was excellent
agreement between CDAI and SDAI (κ = 0.89).

Figure 2
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0.45

Routinecohort

coefficients obtained for all three scores in two independent
cohorts strengthens the results obtained from the cross-sectional analysis, because they were not influenced by the level
of disease activity, the patients' disease duration, or treatment
status, which were all different between patients in the routine
and those in the inception cohort. Although there were differences in the degree of correlation with the HAQ between the
two cohorts, this pertained to all three disease activity scores
in a similar manner.

(0.39-0.51)

HAQ
HAQ

Inceptioncohort
Cross-sectional
Cross-sectional
HAQ
scores
correlation
correlation
ofof
composite
composite
scores
scores
andand
correlation
correlation
with
with HAQ scores. Matrix displaying Spearman rank coefficients (95%
confidence intervals) for cross-sectional correlations of Disease Activity
Score (DAS)28, Simplified Disease Activity Index (SDAI), Clinical Disease Activity Index (CDAI), and Health Assessment Questionnaire
(HAQ) in the routine cohort (upper diagonal half; n = 720 for correlations with HAQ, otherwise n = 767) and the inception cohort (lower
diagonal half; n = 104 for correlation with HAQ, otherwise n = 105).

with previous observations in similar patient cohorts [12,35].
At the group level, score responses of the DAS28 (Fig. 3a),
SDAI (Fig. 3b) and CDAI (Fig. 3c) increased with respect to
the ACR response categories (P < 0.0001, one-way ANOVA).
Post hoc Bonferroni-adjusted pairwise t-tests revealed significant differences for the comparison of the ACR ≥ 70%
responders with the other groups (P < 0.0001). The ACR <20
and ACR 20–69 groups were statistically different only in the
CDAI analysis (P = 0.032; Fig. 3c). These findings indicate
that, at the group level, the DAS28, SDAI and CDAI were sensitive in discriminating between different response categories.
This is further supported by calculating the effect size for the
three scores after 1 year of observation: for the DAS28 the
effect size in the ACR20–69 responders was 2.4 times higher
than in the ACR nonresponders; likewise, the effect size of the
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Figure 3
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response. Changes in (a) Disease Activity Score (DAS)28, (b) Simplified Disease Activity Index
(SDAI) and (c) Clinical Disease Activity Index (CDAI) in relation to the achieved American College of Rheumatology (ACR) response of 91 patients
in the inception cohort. ACR ranges were defined as ACR <20 (n = 28, 30.8%), ACR 20–69 (n = 20, 22.0%) and ACR ≥ 70 (n = 43, 47.2%),
allowing analysis of independent observations. Error bars span the 95% confidence interval of the mean. Differences in group changes were statistically significant for all three scores (P < 0.0001, one-way analysis of variance). Presented P values for post hoc pairwise group comparisons are
subjected to Bonferroni adjustment. *P < 0.0001 for ≥ ACR70 group compared with other groups.

ACR70 responders was 4.4 times that in the nonresponders.
The same analyses revealed an effect size increases of 2.7fold and 4.1-fold, respectively, for the SDAI, and of 3.3-fold
and 6.5-fold, respectively, for the CDAI. Thus, using effect size
calculations, all three scores discriminated various degrees of
ACR responsiveness from ACR nonresponsiveness to a similar extent. Also, the 1 year changes in the HAQ in these 91
patients were similarly correlated with the 1 year changes in all
three scores: for DAS28, R = 0.32 (95% CI 0.12–0.49; P =
0.001); for SDAI, R = 0.38 (95% CI 0.19–0.54; P < 0.001);
and for CDAI, R = 0.39 (95% CI 0.20–0.55; P < 0.001).

with RA. Our hypothesis was originally based on feasibility
arguments, namely the frequent lack of immediate access to
laboratory results in the clinic, but was further strengthened by
statistical arguments related to the low contribution made by
the acute phase response to the composite scores. In fact, all
data obtained support our clinically derived hypothesis that
APRs provide little information on actual disease activity on
top of that provided by the combination of several clinical components. This was the case for all analyzed RA activity scores,
despite the differences in their construction and component
weighing.

Radiological outcome
To compare construct validity between the composite scores,
we performed a linear correlation analysis between time-averaged DAS28, SDAI, CDAI and changes in Larsen scores over
3 years (n = 56). The R coefficients were 0.58 (95% CI 0.37–
0.73), 0.59 (95% CI 0.39–0.74) and 0.54 (95% CI 0.32–
0.70), respectively. All correlations were significant (P <
0.0001). Figure 4a–c permits visual judgement of this relationship for each score, and a line of best fit has been added
based on the given observations. Moreover, there was significant correlation between time integrated CRP with changes in
Larsen scores (Fig. 4d), as was previously reported by others
[36-38].

For many rheumatologists, this lack of additional information
provided by APR may be intriguing because CRP and ESR are
among the most commonly used laboratory tests in the evaluation of RA disease activity [39], and their importance as surrogates of the disease process, as well as predictors of
disease outcome, are well recognized and irrefutable [36-38].
However, APRs did not seem to contribute information to
composite scores that was sufficiently important to change
judgement of disease activity, in addition to merely using clinical measures. In fact, when we divided all patients into 10
groups based on their disease activity ranks within the cohort,
as measured using the different scores, we found statistical
agreement that was indicative of high clinical conformity of
classifications by different scores. All of these findings indicate
that content validity of the CDAI is well maintained despite the
absence of CRP as a component.

Discussion
In this study we showed that the CDAI, a simple composite
index obtained by numerical summation of four solely clinical
variables, is a valid instrument with which to follow patients
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Figure 4

Associationofofcomposite
Association
compositescores
scores
with
with
radiological
radiological
outcome
outcome. Correlation with changes in Larsen scores within 3 years from entering the inception cohort (n = 56) of time-averaged (a) Disease Activity Score (DAS)28 (R = 0.58, 95% confidence interval [CI] 0.37–0.73), (b) Simplified Disease Activity Index (SDAI; R = 0.59, 95% CI 0.39–0.74), and (c) Clinical Disease Activity Index (CDAI; R = 0.54, 95% CI 0.32–0.70). All
correlations are significant (P < 0.0001). (d) C-rectaive protein (CRP; R = 0.28, 95% CI 0.02 to 0.51; P = 0.025).

In accordance with these notions is the observation that as
much as 85% of the variance in the DAS28 was explained
without ESR; 95% of the variances in the SDAI and the
DAS28-CRP were explained by their composing clinical variables (i.e. without CRP). The similarity in these results between
the DAS28-CRP and the SDAI further supports previous indications that transformation and/or weighing of the clinical variables does not confer an advantage compared with their
R803

simple numerical summation [21-23,40]. However, it should
be borne in mind that the DAS28-CRP has only recently been
made public and must be regarded with caution until it has
been more widely studied; in fact, the present investigation
may represent the first validation of the DAS28-CRP. Interestingly, our analyses reveal a high degree of colinearity between
the two global assessments employed in the SDAI and CDAI.
Because both patient and physician global assessment are

Available online http://arthritis-research.com/content/7/4/R796

parts of the widely applied and validated ACR/EULAR/WHOILAR core set variables of RA disease activity assessment, it
would not be intuitive to eliminate any one of them, especially
as, in contrast to the APRs, they do not correlate with structural damage independently. In addition, because these two
variables are usually assessed jointly, the elimination of any
one of them would not increase the feasibility of calculating the
score.
In a cross-sectional analysis of a large number of patients, the
CDAI not only had correlational validity compared with the
SDAI, from which it was derived, but also compared with the
DAS28 and the DAS28-CRP. Also, there was no difference
beyond chance in the correlation of CDAI with the HAQ as
compared with the respective correlations of SDAI and
DAS28 with the HAQ. This finding is especially noteworthy
because the HAQ is a functional measure, which is not based
on or constructed with core set elements used in the DAS28
or SDAI. Moreover, when related to different degrees of ACR
response, the results obtained using CDAI were graded with
statistically significant and clinically meaningful differences
between all group means, and were very similar to those seen
for the respective DAS28 and SDAI groups. Also, for the
CDAI, effect sizes appeared to be even more graded between
the different ACR responder groups.
Thus, although none of the comparators in this study represents a 'gold standard' for disease activity measurement, the
validity of the new score was proven not only with respect to
other composite scores but also with respect to the HAQ,
which is a completely distinct construct. In addition, the CDAI
was shown to have very good agreement with other composite
indices on the categorization of individual patients, which is an
important aspect in the clinical use of this score. Furthermore,
all mentioned correlation analyses were successfully validated
in a second, completely independent cohort of newly diagnosed patients with RA who overall had a higher level of disease activity and were untreated at baseline. The different
characteristics of the two cohorts, and the similar correlation
coefficients for the three indices obtained within each cohort
indicate that the application of our findings might not be confined to patient cohorts with particular characteristics, such as
disease duration or disease activity.
A limitation of the CDAI is that many physicians do not perform
detailed joint counts in the assessment of RA disease activity
[38]. On the other hand, joint counts are also required for other
composite disease activity scores, and the CDAI allows elimination of at least one variable that is frequently missed at
patient visits – the APR. Although a considerable number of
measurements was missing in the overall source dataset,
these missing data were random. This was also evident from
the similar clinical characteristics of patients with and without
available APR measurements. Therefore, and given the large
number of complete patient observations, an unbiased analy-

sis was assured. Like for the DAS28 [41], a possible criticism
of the CDAI is that it does not include assessment of joints in
the feet; however, in the course of proving the reliability of the
28 joint count [42,43], it was found that this reduced joint
count reflects overall joint involvement very well and that, in the
presence of low joint counts, the joints of the feet rarely add a
significant number of additionally involved joints – a finding
that we have also observed in our database (data not shown).
It might also be regarded as a further limitation that the CDAI
was not developed by factor and/or discriminant analysis of
individual variables. However, the value of all core set variables
has been shown repeatedly [10-12] and their responsiveness
has likewise been demonstrated [26]. In addition, there are
several conceptual and methodological advantages of composite scores compared with individual items [29]. Moreover,
the SDAI, from which the CDAI was derived, has also been validated and shown to have practicability, discriminant capacity
and sensitivity to change in several studies [21-23,37]. Likewise, as a composite score, the test–retest reliability of the
CDAI is based on the reliability of its individual components,
which, although not assessed here, has proven to be good.
Despite omission of the APR from the formula, the CDAI maintained a clinically important ability to predict outcome, measured as radiological progression over 3 years. This stability of
construct validity across the scores is therefore also in accord
with our initial hypothesis. Interestingly, the deletion of the
APR from the SDAI did not change the correlation of the score
with radiographic progression; there was a similar degree of
correlation with radiographic changes whether DAS28 (using
ESR), SDAI (using CRP), or CDAI (using no APR) were
employed. Furthermore, the observation that the APR alone
also was associated with radiographic progression is not only
in accordance with previous reports [36-38] but also suggests
an independent relationship with structural damage of both
clinical variables (as reflected by the composite CDAI score)
and APR. We did not use HAQ scores as an outcome measure because in this early cohort the links between damage and
function are expected to be small [31,44]. HAQ scores in this
cohort would therefore be a surrogate of disease activity,
rather than an independent measure of irreversible loss of
function [30,31].
Our introduction of the CDAI was not intended to suggest that
the acute phase response does not represent an important
measure in the follow up of RA, or that it should be deleted
from existing indices such as the DAS28 and the SDAI. In particular, the ESR contributes 15% to the DAS28 composition,
which is not an irrelevant amount of information. However, the
validity of the CDAI, as revealed here by multiple statistical
analyses in two different cohorts, shows that the APR is not an
absolute requirement in the context of disease activity scores.
In fact, we would urge physicians to continue to obtain an APR
measure regularly during follow up because, like the CDAI, it
reflects disease activity and correlates with long-term outR804
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come. However, as stated above, the APR can be employed
as an independent measure as well as being a part of a composite index.
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who currently base their treatment decisions on more general
and subjective impressions rather than on standardized
assessments. The fact that joint counts are frequently not
assessed routinely does not diminish these notions; deletion
of joint counts from composite scores cannot be justified for a
disease of the joints, and joint counts can always be performed at the time of patient visit to the clinic by the physician
or another assessor. Moreover, in this age of expensive therapies, consistent assessment of disease activity might soon
become compulsory from the payer's perspective. Thus, the
ability to adopt a simple but valid score will potentially have
great implications with respect to implementation of new therapeutic concepts. At the same time, less frequent laboratory
investigations do not appear to impair the physician's ability to
detect adverse treatment effects, but can reduce the overall
costs of care considerably [45-47].

References

Of course, further validation of the CDAI will be required to
fully confirm its value. Such additional investigations should
include analyses of construct validity with regard to radiographic damage and predictive value with regard to long-term
functional outcome in larger cohorts of patients. In addition,
cutoffs for disease activity categories, including remission, as
well as changes that reflect important responses must be
determined. Such analyses are currently underway.

We thank Dr Michael Ward for his thoughtful comments on the
manuscript.

1.

2.

3.
4.
5.
6.

7.

8.

9.

10.

11.

12.

13.

Conclusion
Our findings indicate that the CDAI – a composite score that
employs only clinical variables and omits assessment of an
APR – has similar validity to other currently employed composite indices for following patients with RA. Also, using numerical
summation, this score is very easy to calculate. For these reasons, the CDAI should facilitate decision making by physicians
and avoid lags in efficient treatment adaptation for patients
with RA. According to current knowledge, such intensified and
prompt patient care can be expected to reduce the individual
[12,48] and socioeconomic impact of the disease in the
longer term.
R805

14.
15.

16.

Plant MJ, Williams AL, O'Sullivan MM, Lewis PA, Coles EC, Jessop
JD: Relationship between time-integrated C-reactive protein
levels and radiologic progression in patients with rheumatoid
arthritis. Arthritis Rheum 2000, 43:1473-1477.
Welsing PM, Landewe RB, van Riel PL, Boers M, van Gestel AM,
van der Linden S, Swinkels HL, van der Heijde DM: The relationship between disease activity and radiologic progression in
patients with rheumatoid arthritis: a longitudinal analysis.
Arthritis Rheum 2004:2082-2093.
Fuchs HA, Kaye JJ, Callahan LF, Nance EP, Pincus T: Evidence of
significant radiographic damage in rheumatoid arthritis within
the first 2 years of disease. J Rheumatol 1989, 16:585-591.
Lee DM, Weinblatt ME: Rheumatoid arthritis. Lancet 2001,
358:903-911.
Scott DL, Symmons DP, Coulton BL, Popert AJ: Long-term outcome of treating rheumatoid arthritis: results after 20 years.
Lancet 1987, 1:1108-1111.
Klareskog L, van der Heijde D, de Jager JP, Gough A, Kalden J,
Malaise M, Martin Mola E, Pavelka K, Sany J, Settas L, et al.: Therapeutic effect of the combination of etanercept and methotrexate compared with each treatment alone in patients with
rheumatoid arthritis: double-blind randomised controlled trial.
Lancet 2004, 363:675-681.
Boers M, Verhoeven AC, Markusse HM, van de Laar MA, Westhovens R, van Denderen JC, van Zeben D, Dijkmans BA, Peeters
AJ, Jacobs P, van den Brink HR, Schouten HJ, et al.: Randomised
comparison of combined step-down prednisolone, methotrexate and sulphasalazine with sulphasalazine alone in early
rheumatoid arthritis. Lancet 1997, 350:309-318.
Lard LR, Visser H, Speyer I, vander Horst-Bruinsma IE, Zwinderman AH, Breedveld FC, Hazes JM: Early versus delayed treatment in patients with recent-onset rheumatoid arthritis:
comparison of two cohorts who received different treatment
strategies. Am J Med 2001, 111:446-451.
Nell VP, Machold KP, Eberl G, Stamm TA, Uffmann M, Smolen JS:
Benefit of very early referral and very early therapy with disease-modifying anti-rheumatic drugs in patients with early
rheumatoid arthritis. Rheumatology (Oxford) 2004, 43:906-914.
Ward MM, Lubeck D, Leigh JP: Longterm health outcomes of
patients with rheumatoid arthritis treated in managed care and
fee-for-service practice settings. J Rheumatol 1998,
25:641-649.
Smolen JS, Sokka T, Pincus T, Breedveld FC: A proposed treatment algorithm for rheumatoid arthritis: aggressive therapy,
methotrexate, and quantitative measures. Clin Exp Rheumatol
2003:S209-S210.
Grigor C, Capell H, Stirling A, McMahon AD, Lock P, Vallance R,
Kincaid W, Porter D: Effect of a treatment strategy of tight control for rheumatoid arthritis (the TICORA study): a single-blind
randomised controlled trial. Lancet 2004, 364:263-269.
Felson DT, Anderson JJ, Boers M, Bombardier C, Chernoff M,
Fried B, Furst D, Goldsmith C, Kieszak S, Lightfoot R, et al.: The
American College of Rheumatology preliminary core set of
disease activity measures for rheumatoid arthritis clinical trials. The Committee on Outcome Measures in Rheumatoid
Arthritis Clinical Trials. Arthritis Rheum 1993, 36:729-740.
Smolen JS: The work of the EULAR Standing Committee on
International Clinical Studies Including Therapeutic Trials
(ESCISIT). Br J Rheumatol 1992, 31:219-220.
Boers M, Tugwell P, Felson DT, van Riel PL, Kirwan JR, Edmonds
JP, Smolen JS, Khaltaev N, Muirden KD: World Health Organization and International League of Associations for Rheumatology core endpoints for symptom modifying antirheumatic
drugs in rheumatoid arthritis clinical trials. J Rheumatol
1994:86-89.
van der Heijde DM, van 't Hof MA, van Riel PL, Theunisse LA, Lubberts EW, van Leeuwen MA, van Rijswijk MH, van de Putte LB:
Judging disease activity in clinical practice in rheumatoid
arthritis: first step in the development of a disease activity
score. Ann Rheum Dis 1990, 49:916-920.

Available online http://arthritis-research.com/content/7/4/R796

17. Prevoo ML, 't Hof MA, Kuper HH, van Leeuwen MA, van de Putte
LB, van Riel PL: Modified disease activity scores that include
twenty-eight-joint counts. Development and validation in a
prospective longitudinal study of patients with rheumatoid
arthritis. Arthritis Rheum 1995, 38:44-48.
18. DAS Score NL: Disease Activity Score in Rheumatoid Arthritis
(last
[http://www.das-score.nl/www.das-score.nl/index.html].
accessed 23 March 2005).
19. Smolen JS, Breedveld FC, Schiff MH, Kalden JR, Emery P, Eberl
G, van Riel PL, Tugwell P: A simplified disease activity index for
rheumatoid arthritis for use in clinical practice. Rheumatology
(Oxford) 2003, 42:244-257.
20. Aletaha D, Stamm T, Smolen JS: Validation of the Simplified Disease Activity Index (SDAI) in an observational cohort of
patients with rheumatois arthritis. Ann Rheum Dis 2004:111.
21. Wong AL, Harker JO, Park GS, Paulus HE: Longitudinal measurement of RA disease activity in a clinical practice setting:
usefulness of the SDAI [abstract]. Arthritis Rheum
2004:s386-s387.
22. Smolen JS, Breedveld FC, Schiff MH, Kalden JR, Emery P, Segurado OG: Assessment of Disease Activity and Treatment
Response to Adalimumab (HUMIRA) with the Simplified Disease Activity Index (SDAI) [abstract]. Arthritis Rheum
2004:s190-s191.
23. Soubrier M, Zerkak D, Dougados M: Should we revisit the definition of higher disease activity state in rheumatoid arthritis
(RA)? [abstract]. Arthritis Rheum 2004:s387.
24. Dessein PH, Joffe BI, Stanwix AE: High sensitivity C-reactive
protein as a disease activity marker in rheumatoid arthritis. J
Rheumatol 2004, 31:1095-1097.
25. Felson DT, Anderson JJ, Boers M, Bombardier C, Furst D, Goldsmith C, Katz LM, Lightfoot R Jr, Paulus H, Strand V, et al.: American College of Rheumatology. Preliminary definition of
improvement in rheumatoid arthritis. Arthritis Rheum 1995,
38:727-735.
26. van Gestel AM, Anderson JJ, van Riel PL, Boers M, Haagsma CJ,
Rich B, Wells G, Lange ML, Felson DT: ACR and EULAR
improvement criteria have comparable validity in rheumatoid
arthritis trials. American College of Rheumatology European
League of Associations for Rheumatology. J Rheumatol 1999,
26:705-711.
27. Machold KP, Stamm TA, Eberl GJ, Nell VK, Dunky A, Uffmann M,
Smolen JS: Very recent onset arthritis: clinical, laboratory, and
radiological findings during the first year of disease. J
Rheumatol 2002, 29:2278-2287.
28. Larsen A, Dale K, Eek M: Radiographic evaluation of rheumatoid
arthritis and related conditions by standard reference films.
Acta Radiol Diagn (Stockh) 1977, 18:481-491.
29. Bombardier C, Tugwell P: A methodological framework to
develop and select indices for clinical trials: statistical and
judgmental approaches. J Rheumatol 1982, 9:753-757.
30. Smolen JS, Aletaha D: Patients with rheumatoid arthritis in clinical care. Ann Rheum Dis 2004, 63:221-225.
31. Drossaers-Bakker KW, Zwinderman AH, Vlieland TP, Van Zeben
D, Vos K, Breedveld FC, Hazes JM: Long-term outcome in rheumatoid arthritis: a simple algorithm of baseline parameters
can predict radiographic damage, disability, and disease
course at 12-year followup. Arthritis Rheum 2002, 47:383-390.
32. Leigh JP, Fries JF: Predictors of disability in a longitudinal sample of patients with rheumatoid arthritis. Ann Rheum Dis 1992,
51:581-587.
33. Kazis LE, Anderson JJ, Meenan RF: Effect sizes for interpreting
changes in health status. Med Care 1989:S178-S189.
34. Altman DG: Practical Statistics for Medical Research Boca Raton,
FL: Chapman & Hall; 1991.
35. Sokka T, Pincus T: Most patients receiving routine care for
rheumatoid arthritis in 2001 did not meet inclusion criteria for
most recent clinical trials or american college of rheumatology
criteria for remission. J Rheumatol 2003, 30:1138-1146.
36. Dawes PT, Fowler PD, Clarke S, Fisher J, Lawton A, Shadforth MF:
Rheumatoid arthritis: treatment which controls the C-reactive
protein and erythrocyte sedimentation rate reduces radiological progression. Br J Rheumatol 1986, 25:44-49.
37. van Leeuwen MA, van der Heijde DM, van Rijswijk MH, Houtman
PM, van Riel PL, van de Putte LB, Limburg PC: Interrelationship
of outcome measures and process variables in early rheumatoid arthritis. A comparison of radiologic damage, physical

38.

39.
40.

41.

42.
43.

44.
45.
46.

47.
48.

disability, joint counts, and acute phase reactants. J Rheumatol
1994, 21:425-429.
Combe B, Dougados M, Goupille P, Cantagrel A, Eliaou JF, Sibilia
J, Meyer O, Sany J, Daures JP, Dubois A: Prognostic factors for
radiographic damage in early rheumatoid arthritis: a multiparameter prospective study. Arthritis
Rheum 2001,
44:1736-1743.
Donald F, Ward MM: Evaluative laboratory testing practices of
United States rheumatologists. Arthritis Rheum 1998,
41:725-729.
Aletaha D, Stamm T, Smolen JS: Validation of the Simplified Disease Activity Index (SDAI) in an observational cohort of
patients with rheumatoid arthritis [abstract]. Ann Rheum Dis
2004:111.
Landewé RB, van der HD, Voskuyl A, Boers M: Condensed 28joint counts jeopardise the construct validity of DAS28-remission: a comparison with the original DAS [abstract]. Arthritis
Rheum 2004:s547.
Fuchs HA, Pincus T: Reduced joint counts in controlled clinical
trials in rheumatoid arthritis. Arthritis Rheum 1994, 37:470-475.
Smolen JS, Breedveld FC, Eberl G, Jones I, Leeming M, Wylie GL,
Kirkpatrick J: Validity and reliability of the twenty-eight-joint
count for the assessment of rheumatoid arthritis activity.
Arthritis Rheum 1995, 38:38-43.
Scott DL, Pugner K, Kaarela K, Doyle DV, Woolf A, Holmes J,
Hieke K: The links between joint damage and disability in rheumatoid arthritis. Rheumatology (Oxford) 2000, 39:122-132.
Liang MH, Fries JF: Containing costs in chronic disease: monitoring strategies in the gold therapy of rheumatoid arthritis. J
Rheumatol 1978, 5:241-244.
Aletaha D, Smolen JS: Laboratory testing in rheumatoid arthritis
patients taking disease-modifying antirheumatic drugs: clinical evaluation and cost analysis. Arthritis Rheum 2002,
47:181-188.
Yazici Y, Erkan D, Paget SA: Monitoring by rheumatologists for
methotrexate-, etanercept-, infliximab-, and anakinra-associated adverse events. Arthritis Rheum 2003, 48:2769-2772.
De Vries-Bouwstra JK, Goekoop-Ruitermen YPM, Van Zeben D,
Breedveld FC, Dijkmans BAC, Hazes JMW: A comparison of clinical and radiological outcomes of four treatment strategies for
early rheumatoid arthritis: results of the BEST trial [abstract].
Ann Rheum Dis 2004:58.

R806

