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ABSTRACT

Composite indices or pooled indices
are useful toolsfor the evaluation of di -
sease activity in patients with rheuma -
toid arthritis (RA). They allow the inte -
gration of various aspects of the dis -
ease into a single numerical value, and

may therefore facilitate consistent pa -
tient care and improve patient compli -
ance, which both can lead to improved

outcomes.

The Smplified Disease Activity Index
(SDAI) and the Clinical Disease Activi -
ty Index (CDAI) are two new tools for

the evaluation of disease activity in RA.

They have been developed to provide
physicians and patients with simple and

more comprehensible instruments. More -
over, the CDAI is the only composite
index that does not incorporate an

acute phase response and can therefore
be used to conduct a disease activity
evaluation essentially anytime and

anywhere.

These two new tool s have not been dev -
eloped to replace currently available
instruments such as the DAS28, but

rather to provide options for different
environments. The comparative con -
struct, content, and discriminant valid -
ity of all three indices—the DAS28, the
DAI, and the CDAI —allow physicians
to base their choice of instrument on
their infrastructure and their needs,

and all of themcan also beusedinclin -
ical trials.

Introduction

The measurement of disease activity in
rheumatoid arthritis (RA) hasalong his-
tory. Avariety of instruments have been
described and used for this purpose,
including various types of joint counts,
acute phase reactants, global assessment
scales, pain, fatigue, and even more gen-
eral measures such as anemia, hemo-
globin, or body weight. To achieve a
more standardized approach, the Ameri-
can College of Rheumatology (ACR),
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the European League Against Rheuma:
tism (EULAR), and the World Health
Organization/International League Ag-
ainst Rheumatism (WHO/ILAR) have
recommended “ core” sets of variablesto
be used in RA disease activity assess-
ment (1-3). These measures included
swollen and tender joint counts, patient
assessment of pain, patient and evalua-
tor global assessment of disease activity,
ameasure of the acute phase response,
and evaluation of function aspects.
However, due to the high variability of
the presentation and course of RA as
well as the reflection of different dis-
ease characteristics in each of the ab-
ove variable, no single measure can re-
liably capture disease activity in al pa-
tients; likewise, evaluation of al mea
sures individually is associated with
methodological and statistical prob-
lems, especialy when employed as end-
pointsin clinical trials (4). All of these
different considerations conferred ara-
tionale for “pooling” individual mea
sures of disease activity into composite
scores. Such scores. (a) create better
consistency in disease activity evalua-
tion across physicians; (b) allow pa
tients to better understand the meaning
of “disease activity” by providing a
single number; and (C) increase power
and reduce sample size requirementsin
clinical trials (5-7) (Fig. 1). Important-
ly, consistent and freguent disease ac-
tivity evaluation and consequent treat-
ment adjustment have been shown to
improve outcome, even in the short-
term perspective of clinical trials(8). In
this respect, a better understanding of
the term “disease activity” by the pa-
tients is likewise beneficial since — as,
for example, in diabetes or hyperten-
sion —this can be key for the success of
and compliance to therapy (9, 10) (Fig.
1).

The characteristic of a composite index
or pooled index is the integration of
various single measures into one sum-
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Fig. 1. Rationale for composite indices. The combination of various disease activity surrogates (top) in a composite index (middle) allows for more consis-
tent follow-up in clinical practice (especialy if several physicians are involved) (left path) and reduction of sample size requirementsin trials (right path)
(“effects”). This leads to improved patient outcomes in practice or to fewer patients needed on placebo in trials (“implications’). The middle path indicates
better understanding of disease activity by the patient, which is likely to increase compliance and improve outcomes. This path might only be applicable to
the SDAI and CDAI dueto their relatively simple and straightforward composition. In addition, the CDAI might add to the left path by allowing not only con-
sistent, but also more frequent evaluations, since acute phase reactants are not required.

mary number. It should be contrasted to
“criteria’, which evaluate disease acti-
vity surrogates on the basis of particu-
lar cut-off points; these can relate to the
categorization of particular states, such
as “remission criterid’, or to a classifi-
cation of response, such asthe ACR re-
sponse criteria (11). Composite indices
should also be contrasted with pure
self-report questionnaires of disease
activity, such asthe RADAI (12) or the
RADAR (13), which do not comprise
objective assessment and rely on the
patient’s memory of past activity. Like-
wise, function and quality of life, al-
though mainly driven by the disease
process (14,15), are confounded by ir-
reversible joint damage which may sig-
nificantly differ among patients. There-
fore respective questionnaires do not
necessarily measure the degree of dis-
ease activity reliably (14,16-18), a-
though they are valuable to obtain a

global view of functional capacity. Ex-
amples of such questionnaires are the
HAQ (19) and its modifications (20-
23), the AIMS (24), and the SF-36 (25).

Elementsincluded in current
compositeindices

The currently available composite dis-
ease activity indices that provide a sin-
gle number on a continuous scale are
the Disease Activity Score (DAYS) (26),
the DAS using 28 joint counts (DAS-
28) (27), the Simplified Disease Activi-
ty Index (SDAI) (28), and the Clinical
Disease Activity Index (CDAI) (29)
(Tablel). In Table | the individua ele-
ments included in these scores are pre-
sented and their theoretical ranges are
calculated based on their respective
formulae.

All indices use a 28 swollen joint count
and a 28 tender joint count, except for
the origina DAS, which employs the
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Ritchie Articular Index (agraded assess-
ment of 26 joint regions) (30) to evalu-
ate tenderness and a 44 joint count to
assess swelling. Acute phase reactants
are integrated into the DAS (ESR),
DAS28 (ESR), and SDAI (CRP), but
not the CDAI. Although formulae for
the DAS and DAS28 are available
which include CRP instead of ESR,
these scores have not yet been fully
published and validated.

All of these indices include a patient
self-report measure. While it is defined
as “patient global assessment of dis-
ease activity” (PGA) in the SDAI and
CDALI, it is defined as “globa health”
(GH) in the DAS and DAS28. Concep-
tually “global health” includes several
aspects of heath outcomes — that is,
also those not or not directly related to
disease activity. Frequently, the PGAis
used as a substitute for GH in the DAS
and DAS28 calculation (31), although
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Tablel. Elements of composite indices and their potential contributions* to the total index.

Elements SDAI CDAI DAS DAS28
Number of swollen joints Simple count Simple count More extensive joint counts Simple count, square root
transformed
(0-28) (0-28) (0-2.86) (0-1.48)
Number of tender joints Simple count Simple count Ritchie Index: graded joint counts; Simple count; square root
square root transformed transformed
(0-28) (0-28) (0-4.77) (0-2.96)
Acute phase reactants CRPin mg/dL - ESR, log transformed ESR, log transformed
(0.1-10.0) - (0.23-1.51)** (0.49-3.22)**
Patient global health - - VASinmm VASinmm
(0-0.72)** (0-1.40)**
Patient global disease activity VASincm VASincm - -
(0-10.0) (0-10.0)
Evaluator global disease activity VASincm VASincm - -
(0-10.0) (0-10.0)

Total index

(0.1-86.0)

No immediate scoring
dueto CRP; smple
calculation possible

Immediate scoring
possible; simple
calculation possible
(0-76.0)

calculator required
(0.23-9.87)

No immediate scoring due to ESR;

No immediate scoring due
to ESR; calculator required
(0.49-9.07)

*Based on the transformation and weighting of individual elements according to the formula of the respective index; assumed ranges are 2 to 100mm/h for

ESR, and 0.1 to 10mg/dLfor CRP.

**The DAS and DA S28 formulae have also been modified to include CRPinstead of ESR, and to substitute the patient global health by a constant. These ver-

sions are less commonly used and not well validated.

these indices have not been derived in
that way. The SDAI and CDAI include
the “evaluator global assessment of di-
sease activity” in addition to the PGA.
While the PGAis a subjective measure,
the evaluator global integrates subjec-
tive and objective measures that are ob-
tained and available to the evaluator. In
clinica practice, very rarely is one of
them assessed individually without the
other, and patients usualy view their
disease as more active than do their
physicians, as can be seen in most clin-
ical trials and observationa databases
(32).

Rationale for the development of

the SDAI

The development of the SDAI was ori-
ginaly based on the notion that the
available non-dichotomous disease ac-
tivity indices of those days, the DAS
and the DAS28, although ingenious as
continuous scales and highly valuable
in clinical studies of RA, might be too
complicated for disease activity assess-
ment in clinical practice, since their
complex formula required additional
tools such as a nomogramm, a calcula

tor or acomputer (28). Theideato sim-
ply employ a numerical summation of
the values of a derived set of disease
activity variables reflecting inflamma:
tory joint disease wasfirst proven to be
valid and sensitive to change in pa
tients with reactive arthritis in the con-
text of the development and validation
of the Disease Activity index for Reac-
tive Arthritis (DAREA) (33). Subse-
quently, this concept was implemented
and validated for RA using several cli-
nical trial datasets (28, 34-36).

Thus, the SDAI constitutes a simple
numerical addition of individual mea-
sures on their original scale and over-
comes the problems of the transforma-
tions and weighting that are used in
other compositeindices with the conse-
quent need for a calculator. Also, the
SDAI includes both the patient and the
evaluator global assessments of disease
activity, which adjusts for the frequent-
ly observed discrepancy between these
two measures (see above). The inclu-
sion of CRP instead of ESR was made
for several reasons. CRP is one of the
most reliable measures of the acute-
phase response and is responsive to
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changes in tissue damage (37); it is a
direct measure of the acute phase re-
sponse and is less confounded by other
factors compared to ESR, hence more
precisely reflecting RA activity (34,
38); and it might be more useful in clin-
ical trials due to the fact that a centra
laboratory can be used. Similar argu-
ments have a so been marshalled to sup-
port the modification of the DAS and
DAS28 formulae that comprise CRP
instead of ESR (31). CRP expressed in
mg/dL, as employed in the SDAI, pro-
vides a sensible range of values for use
in an unweighted additive score.

Another effect of integrating disease
activity into a single number is the po-
tentially better understanding it affords
patients of the clinical concept of activ-
ity as the basis for treatment decisions
(Fig.1). The simple formula of the
SDAI may help patients to understand
what a measurement means in terms of
disease activity. Also, patients (and
physicians) might more clearly under-
stand what a particular increment on
the SDAI scale means clinically; thisis
not intuitively possible on the DASand
DAS28 scales. However, as mentioned
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Tablell.Vadidation of the SDAI in the leflunomide cohorts (28).

Correlation with DAS28 Correlation with HAQ
Cohort Time Cross-sectional Changes Cross-sectional Changes
MN301, baseline Baseline 0.91 - 0.46 -
MN301, 6 months 6 months 0.93 0.90 0.63 0.56 (0.56)
MN302, baseline Baseline 0.91 - 0.36 -
MN302, 12 months 12 months 0.91* 0.90* 0.53 0.57 (0.47)
US301, baseline Baseline 0.80 - 0.44** -
US301, 12 months 12 months 0.91* 0.92* 0.66** 0.48** (0.56)

*Performed with 6 month data; **modified HAQ.

above (Fig.1), the patients understand-
ing of disease activity measures can
improve outcomes; athough this has
not yet been investigated in RA, analo-
gies from other diseases may be in-
ferred (9, 10). The simple evaluation of
the SDAI enables patients to know
their index, just as patients with diabe-
tes know their blood glucose levels and
HbA 1c and understand the meanings of
these parameters.

Removing the CRP from the SDAI:
Therationale for the CDAI

The DAS, DAS28, and SDAI contain
an acute phase response (APR) mea
sure in their formula. Although the in-
clusion of CRP or ESR increases the
face validity and content validity of an
index, an abbreviation of the SDAI spar-
ing the CRP was deemed practical for
severa reasons (29).

Firgt, laboratory test results are frequent-
ly missing at patient visits and thus a
consistent eval uation using acomposite
score is hampered or delayed. Some
physicians tend to use previous APR
measurements in order to cal culate com-
posite indices, but this approach is not
ideal since it contaminates the evalua-
tion of current RA activity with previ-
ous activity. However, in clinical prac-
tice the lack of APR frequently leads to
the ignoring of APR and to the making
of judgmental decisions, leading to loss
of consistency in the follow-up (Fig.
1). Thisloss of consistency isaconcern
in clinics where patients are not gener-
ally seen by the same physician at each
vigit; it aso reduces the potential to
make immediate therapeutic decisions
and thus the potential benefit of inten-

sifying therapy (8).

Second, APR values correlate with each
of the other core set variables, especial -
ly those employed in the composite in-
dices, suggesting that they may not add
importantly to a composite score (39).
Finally, the ACR criteriaaswell, which
were developed to evaluate response to
treatment, do not necessarily require
improvement in APR: APR comprises
only one of five measures, of which
only three need to change by more than
20%. Nevertheless, the ACR response
criteriaand the EULAR response crite-
ria (based on the DAS28) were shown
to have comparable validity (40).

The statistical validity of excluding
CRP from the SDAI was extensively
tested in the original CDAI study (29).
Although CRPdid not show significant
co-linearity with other measures in the
SDAL, it was found that only 5% of the
SDAI remained unexplained without
CRP; in the DAS28, ESR contributed
only ~15%. Since a significant propor-
tion of patients have normal or near
normal CRP and ESR (41), this might
be ayet another reason for the relative-
ly small contribution of APR to com-
posite indices.

Validations of the SDAI and CDAI
Association with the DAS?8 and the
ACR response criteria

The SDAI and CDAI were validated in
the original studies which they were
developed in, using additional cohorts
of patients. The SDAI was derived and
tested in one leflunomide dataset (MN-
301, n = 358), and was then validated
in two additional datasets (MN302, n =
999; and US301, n = 482) (Table Il). It
was later further validated in a cross-
sectional cohort (42) and in an incep-
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tion cohort (29), and aso by severa
other authors (43-45). The CDAI has
been validated in both a cross-sectional
(routine) cohort and in an inception co-
hort. Some aspects of the CDAI had
already been examined in the SDAI stu-
dy (28) (correlation of CDAI changes
with HAQ changes). In the original stu-
dy (28), the SDAI was correlated with
the DAS28, where it generally showed
a Pearson coefficient of > 0.9 at base-
line and after 6-12 months (Table I1);
changes in SDAI and DAS28 were
likewise correlated at ~0.90 (Table I1).
Although a good correlation can be ex-
pected between indices that share some
components, the SDAI includes the
CRPinstead of ESR (which correlate at
a Pearson coefficient of ~0.6) and in
addition includes the physician global
assessment. However, the most intrigu-
ing aspect of the excellent correlation
between SDAI and DAS28 is the fact
that the components of the DAS28 are
transformed and weighted before they
are summed to congtitute the total in-
dex.

For the validation of the CDAI, we per-
formed Pearson correlation analysis
between SDAI, CDAI, and DAS28 in
an inception cohort (n = 91 patients)
and in a cross-sectional routine cohort
(n = 279 patients) as mentioned above.
In theinception cohort we looked at the
respective correlations at baseline and
after 12 months of follow-up (Fig. 2a);
in the routine cohort we analyzed the
first and the third visit of patients,
which were separated by an average of
6.8 months (Fig. 2b). It can be seen that
in the various analyses the SDAI and
CDAII values correlated almost perfect-
ly, and that the correlation between the
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Fig. 2. Cross-sectional correlation of DAS28, SDAI, CDAI, and HAQ in an inception cohort of 91 RA
patients (a) and a routine cohort of 279 RApatients (b). The correlation coefficients are tabulated for
baseline and 12 months for the inception cohort (&) and for the first and third visit for the routine cohort
(average lag: 6.8 months) (b). All correlations were significant at the p < 0.001 level, except for the
baseline correlations with the HAQ in the inception cohort.

SDAI or the CDAI and the DAS28 was
generaly likewise very good at 0.87 —
0.90. The changes between the various
scores were likewise highly correlated
(Fig. 3). All of the cross-sectional cor-
relations and correlations of changes
between these indices were highly sta
tistically significant (p < 0.001).

The ACR response criteria classify re-
sponse to treatment into various cate-
gories depending on the amount of rel-
ative improvement in several core set
variables, and have served as the main-
stay of treatment evaluation in clinical
trials over the past decade. The SDAI
study showed more average improve-
ment in the higher ACR response cate-
gories (Fig. 4, left panel). The same
was seen for SDAI changes and for
CDAI changes in the inception cohort
and the routine cohort (Fig. 4, left and
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Fig. 3. Correlation of changes in the DAS28,
SDAI, CDAI, and HAQ in an inception cohort of
91 RA patients (below the diagonal line) and a
routine cohort of 279 RA patients (above the
diagonal line). Pearson correlation coefficients
are tabulated and were significant at the p <
0.001 level.
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middle panels). In the routine cohort,
the changes were much smaller due to
the lower baseline activity of patients,

but they were still graded despite the
fact that most patients fulfilling the
ACR50 criteria were also ACR70 re-
sponders. Importantly there was no dif-
ference between the grading seen for
the SDAI or the CDAI compared to the
more complex DAS28 (Fig.4, right pa
nel).

In the original SDAI study, validity
was further evaluated using a survey of
patient profiles among 21 rheumatol o-
gists. This analysis showed that the
SDAI had an excellent agreement with
the physician’s ratings of the patients
disease activity (28).

Association with function

The correlation with the Health Assess-
ment Questionnaire Disability Index
(HAQ) scores was very similar for the
SDAI and the DAS28 in the original
study (Table I1) and in our two addi-
tional cohorts (Fig. 2a,b), although the
degrees of correlation varied consider-
ably across the various cohorts. Gener-
ally, correlations of the composite
scoreswere lower at baseline and high-
er at follow-up, which indicates that the
HAQ might not reflect high levels of
disease activity sufficiently. In the trial
populations (Table 1), the correlations
with HAQ scores were higher than in
the observational cohorts (Fig. 2a,b).
All of these effects were similar regard-
less of which index was used. Changes
in composite scores were correlated
with changes in the HAQ scores with r
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Fig. 4. Changes in the composite indices in relation to the degree of the ACR response. Bars depict the mean changesin SDAI (a), CDAI (b), and DAS28
(c) in patients achieving 20%, 50%, and 70% responses according to the ACR criteria. In the leflunomide datasets, 1,839 patients were evaluated after 6
months; in the inception cohort 91 patients were evaluated after 12 months; in the routine cohort, 279 patients were evaluated after amean of 6.8 years.
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= ~0.3 in the observational cohorts
(Fig. 3) and r = 0.5-0.6 in the tria
cohorts (Table I1). The correlation of
CDAI changes with HAQ changes has
also aready been investigated in the
original SDAI study (28), revealing
very similar coefficients compared to
the SDAI-HAQ correlation (r = 0.47 —
0.56).

Association with radiographic
changes

The association with radiographic da-
mage was assessed using different ap-
proaches. In the original SDAI study
(28), it was shown that radiographic
scores increased in a graded fashion in
patients with no SDAI improvement
(SDAI change <10 points; mean change
in the Sharp score: 3.2) compared to
those with minor response (10-21 paints;
change in Sharp score: 1.9), and those
with major response (>22 SDAI points;
change in Sharp score: 1.1). These re-
sults were less graded if the DAS28
response was used (mean change in the
Sharp score: 1.1, 3.5, 3.2, respectively
for no response, minor, and major re-
sponse). In the CDAI study, 56 patients
with a complete 3-year radiographic
follow-up were evaluated. The time-
integrated CDAI, SDAI, and DAS28
scores were similarly correlated with
the change observed in the Larsen
scores (r = 0.54, 0.59, and 0.58, respec
tively).

Remission and active disease
Definition of cut-off points

Aside from measuring disease activity
on a continuous scale in individual pa
tients, it isimportant to define the states
of disease activity that a patient experi-
ences. On the one hand this alows one
to define the criteriafor treatment initi-
ation/switch (e.g., high disease activity
or moderate disease activity) or for cur-
tailing treatment (e.g., remission or low
disease activity), and on the other hand
it opens up additional possibilities for
the characterization of new drugsin tri-
als based on the proportion of patients
who achieve a particular state as an ad-
ditiona outcome.

These notions have led to the determi-
nation of cut-off points to differentiate
activity states. These states are tradi-

tionally remission, low disease activity,
moderate disease activity, and high dis-
ease activity. For the original DAS,
these cut-off points were defined in
1996 in a study by Prevoo et al. (46)
using a modification of the ARAremis-
sion criteria (47) as the gold standard.
In contrast, none of the DAS cut-off
points for other states nor any of the
DAS28 cut-off points have been de-
rived in aformal study (48) (Tablelll,
“original definition”). Furthermore, the
origina study by Prevoo et al. was
based on data from therapeutic ap-
proaches dating to almost a decade ago.
Therefore, recently the issue of disease
activity states was newly addressed in
an extensive study based on opinion
data (49). In that study, 35 expert rheu-
matologists rated 32 patient profiles
with different presentations. The adju-
dications by these experts served as the
gold standard for three conceptualy
different analytic approaches to deter-
mining DAS28 and SDAI cut-off points
accurately. All three approaches led to
very similar results, and final estimates
were proposed (49) as shown in the
“newly proposed definition” in Table
.

In addition, we now show data on the
respective CDAI cut-offs which we de-
rived using a strategy and analysis plan
identical to the one in the study on the
SDAI and DAS28 cut-off points (49).
To date no such cut-off points have been
presented for the CDAL. In comparison
to the SDAI cut-off points, the newly
determined CDAI cut-off points rea
sonably reflect the absence of CRP in
that score. For example, the remission
cut-off point for the SDAI is 3.3, and
the one for the CDAI is 2.8, i.e. a0.5
difference, which corresponds to the
usua upper level of the normal range
and the expected level of CRP (in mg/
dL) in patients near remission. These
intuitive results are an additional vali-
dation of the methods used to derive
the cut-off.

Validation of the cut-off points

Declaring a patient to be in a particular
disease activity state has two sources of
variation: first, the disease activity in-
dex it is based on, and second, the par-
ticular cut-off used for this index.
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Therefore, it isimportant to investigate
by how much a patient’s classification
differsif different scores are used.

One way is to look at agreement using
Kappa statistics, which return anumber
between 0 and 1 that correspondsto the
level of agreement beyond chance. In
Figure 5, the Kappa values for each of

the three pairs of indices is shown, and
indicate substantial agreement between
the DAS28 and the SDAI or the CDAI

(50). This corresponds to approximate-

ly two-thirds of patients who are classi-

fied concordantly. In only ~1% of the
patients were disease activity states clas-
sified as being two categories higher in

one score than in the other. No patient
was classified as being in remission by
one index/cut-off and at the same time
as having high disease activity by ano-

ther (Fig. 5). Agreement between SDAI

and CDAI was almost perfect with

~90% of patients concordantly classi-

fied. This again indicated that CRP is
not a decisive measure, at least for the
purpose of patient classification.

The average level of residual disease
activity in patientsin DAS28 remission
was different from the levelsin patients
in SDAI or CDAI remission (49). This
ismost likely due to the DAS28 formu-
la, which alows patients to be classi-
fied as “in remission” despite the pres-
ence of a considerable number of resid-
ua swollen joints (up to 13/28 jointsin
our cohort) or high patient global scores
(up to 67/100 mm). It aso alows pa
tients to have potentially high pain

scales, which do not form part of any of
these indices; patients in SDAI or
CDAI remission in this cohort did not
have pain levels exceeding 54/100 mm,

while those in DAS28 remission had
pain scores of up to 76/100 mm (49).

Similar data have been observed by
others (51). However, these pain scores
might incorporate chronic damage in
addition to disease activity, and there-
fore can be disconnected from other
measures of activity.

Comparative usefulness of indices
astests for disease activity states

The usefulness of a composite index as
a“test” for disease activity and disease
activity states can be analyzed using
Receiver Operating Characteristics
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Tablelll. Cutoff values for different disease activity states.

Index Disease activity state Qriginal definition Newly proposed
definition
SDAI Remission £5 £33
Low disease activity £20 £11
Moderate disease activity £40 £26
High disease activity > 40 > 26
CDAI Remission £28
Low disease activity £10
Moderate disease activity £22
High disease activity >22
DAS28 Remission £26 £24
Low disease activity £32 £36
Moderate disease activity £51 £55
High disease activity >51 >55

(ROC) curve andysis. The area under
the ROC curve (AUC) corresponds to
the overal analysis for accuracy of a
test, with an AUC of 1.0 indicating a
perfect test and an AUC of 0.5 indicat-
ing auseless test.

Soubrier et al. (44) tested the accuracy
of SDAI and DAS28 (in its various
modifications) using the rheumatolo-
gist’s clinical decision to start a new
DMARD as the gold standard (which
essentially relates to moderate or high
disease activity). The AUC was highest
for the SDAI (0.914), and lower for all
forms of the DAS28: the AUC of the
DAS28 versions using 3 variables were
lower than the AUC of the 4 variable
versions, and the AUC of the DAS28

versions including CRP were higher
than those of the DAS28 versions in-
cluding ESR. The AUC of the DAS28
versions were 0.863 (4 var, ESR),
0.888 (4 var, CRP), 0.839 (3 var, ESR),
and 0.878 (3 var, CRP).

In a similar analysis using the explicit
judgment of the physicians with regard
to moderate or high disease as the gold
standard (ratings obtained from the sur-
vey mentioned above), we found simi-
lar results. The SDAI had the highest
AUC (95% confidence interval) of
0.958 (0.947 t0 0.969). The AUC of the
DAS28 and CDAI followed closely be
hind, and were almost identical: 0.952
(0.940 to 0.963) and 0.949 (0.936 to
0.961), respectively.

Another recent study from Belgium
showed a higher AUC for the DAS28
(0.840) than for the SDAI (0.824) or
CDAI (0.821). The gold standard in
this investigation was the decision of
the rheumatologist to increase the in-
fliximab dose in patients on a particular
clinical protocol, which served asasur-
rogate for insufficient control of the di-
sease, i.e. moderate or high disease ac-
tivity. However, from the report of the
origina study (52) it appears that the
physicians werein fact using the DAS-
28 to guide their decisions, which were
later used as the gold standard. If this
was truly the case, it would explain the
different ranking of the composite in-
dices compared to the other studies, but
essentially all three studies indicate
that there is no important difference in
the diagnostic accuracy between the
simplified indices and the DAS28.
Therefore, in this respect as well it
seems that the measures included in all
three composite scores are major deter-
minants of their comparable validity,
and that thisis not jeopardized by omit-
ting the transformations and weighting
of these measures.

Conclusion

Therapy for rheumatoid arthritis has
seen great progress over the past 10
years, including the approva of new
drugs and the implementation of new
strategies. Given these possibilities,
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Fig. 5. Correlation of different indices and agreement on the definition of disease activity states. Scatter plots show pairs of values for SDAI, CDAI, and
DAS28 in 2,754 patient observations. The corresponding Pearson correlation coefficients (and 95% confidence intervals) are shown as inserts. The agree-
ment on disease activity states is coded as: dark grey = same category; light grey = different by one category; and black = different by two categories. The
corresponding proportions are given as the percent of all observations, and the weighted kappa (and 95% confidence interval) is presented as a statistical
mean of agreement.
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long-term remission, normalization of
physical function and sustained quality
of life are now achievable for many pa
tients. However, the progress in thera-
peutic modalities and strategies has
been faster than the refinement of the
outcome measures in RA. In accor-
dance with these achievements and in
stark contrast to past times (“past”
meaning even less than a decade ago),
these measures need to be reliable es-
pecialy in the low disease activity
range. Furthermore, there is an increas
ed need for independence from large
clinical settings as a prerequisite of
successful follow-up and good out-
come in the mgjority, and ideadly in
each and every patient. The DAS28 has
served the rheumatologic community
very well for more than adecade. It has
evened up the path for the assessment
of disease activity rather than simply
evauating relative responses to thera
py. However, not surprisingly, some
limitations have emerged, as they tend
to do with any measure, for example
the lower specificity of the DAS28
when it comes to low disease activity
and in particular remission, not to men-
tion its complex formula. This limita
tion, however, only became important
recently, when low disease activity and
remission became major and achiev-
able goals of RAtherapy, and therefore
the ability to accurately measure dis-
ease activity at the lower end of the
scale came into focus for al potentia
instruments.

The greatest advantage associated with
the CDAI isits potentia to be employ-
ed in the evaluation of patientswith RA
consistently, with close frequency, and
independently of any calculating device
(8), sinceit can essentially be evaluated
everywhere and anytime. In addition,
the better understanding of the scores
by the patients could contribute to im-
proving outcomes, which makes the
simple SDAI and CDAI potentially
useful not only for evaluation, but also
for improving outcomes. Such scores
will alow physicians to encourage their
patients to keep track of their “Index”.
This brief and clear message to the pa-
tients may also ensure better consisten-
cy in evaluations, since patients could
ask for their “actua” index vaue re-

gardless of who their personal physi-
cianis, just as patients with diabetes us-
ually want to know their HbAlc re-
sults.

The introduction of new tools such as
the SDAI and the CDAI was not aimed
at competing with the DAS28, which
remains the most extensively validated
activity index for RA, but rather to pro-
vide new views and create new op-
tions; to satisfy the calls for more com-
prehensibleindices, both for physicians
and patients, and for tools that will al-
low immediate treatment decisions
without being solely based on self-re-
porting. The simple formulae of the
SDAI and CDAI have been shown not
to detract from the validity of the dis-
ease activity assessment in many direct
comparisons with the DAS28, and also
with respect to response criteria, func-
tional instruments, and radiographic
progression. It isimportant to know that
al these composite indices have com-
parable validity, so that physicians can
pick the tool that works best in their
clinical setting, given their practical
needs and constraints.

Although the SDAI and the CDAI were
primarily developed for use in clinical
practice, they have turned out to be
equally valid and reliablein clinical tri-
als. Thus, one of these smple indices
could be employed unrestrictedly in cli-
nical studies and in routine practice.
Rheumatoid arthritis has always been
the disease prototype for rheumatolo-
gists with respect to the devel opment of
novel therapeutics and novel measures.
It might be worthwhile to test the con-
cept of the SDAI and CDAI aso for
other entities as well, especially those
where reliable measures of disease ac-
tivity are scarce, such as psoriatic arth-
ritis or ankylosing spondylitis. The dev-
elopment and use of the SDAI and
CDAI for RAhas demonstrated that in-
struments can offer greater practicabili-
ty and comprehensibility without nec-
essarily sacrificing construct, content,
and discriminant validity, and might
even have higher face validity.
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