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ABSTRACT
A state of remission can be achieved in
more and more rheumatoid arthritis
(RA) patients. The combination of
several RA disease activity measures
seems to be important to provide an
overall view of disease activity. Remis-
sion can be defined by two different
approaches: one using a categorical
model, requiring criteria for multiple
variables to be fulfilled, each with its
own threshold value (remission “crite-
ria”); the other using a dimensional
model, providing single measures of
activity, which allow definition of
remission by a single cut point (remis-
sion cut points for composite indices).
The face validity of remission as
defined by composite indices surpasses
the one for the “criteria”. Likewise, the
ones that are not weighted seem to sur-
pass the weighted ones, as can be seen
by the significant proportion of patients
that continues to have considerable
swollen joint counts despite being in
Disease Activity Score (DAS)-28 remis-
sion. All composite indices seem to
perform similarly well as tests for
remission using expert judgments as
the gold standard.

Quantifying disease activity in
rheumatoid arthritis: How specific
do we need to be?
With the advent of new therapies in the
past decade, rheumatologists have
become increasingly ambitious, and
their new goal for treatment of rheuma-
toid arthritis (RA) is to completely
avert the impact of this disease on their
patients’ lives (1). As composite in-
dices were developed to evaluate actual
disease activity at every visit (2-5)
rather than just response to therapy (6),
these ambitions could be intensified to
make even the smallest trace of
rheumatoid arthritis (RA) disease
activity measurable. The major advan-
tages of these new measures are not

only due to the continuous scale that
they are based on. Their advantages are
related especially to their ability to
quantify the disease process even at the
very low end of the activity scale, just
as high-sensitivity assays for C-reac-
tive protein (CRP) now allow quantify-
ing the acute phase response at very
low levels in RA patients with low dis-
ease activity and seemingly normal
CRP or even in patients with osteo-
arthritis (7). Given these advances, out-
comes assessment in RA is now head-
ing towards a new problem, namely the
recognition of our growing inability to
clearly discern the presence of active
disease from its absence. Clinically,
these two states correspond to the
terms “active disease” and “remission”.
Therefore, if remission is the antonym
of active disease, then the presence of
one excludes the other, and in turn, the
state of remission precludes any
measurable disease activity.
One conclusion from the above para-
graph is that the specificity of remis-
sion criteria is largely defined by the
sensitivity of the activity measures at
the bottom end of the spectrum. In
addition, the classification of sustained
remission heavily depends on how fre-
quently disease activity is evaluated.
However, the link between the speci-
ficity of remission criteria and the clin-
ical need for being specific (as regards
the potential sequelae of ongoing
inflammation) still remains unclear. In
this respect, two examples come to
mind: some have argued that compre-
hensive joint counts should be used to
be more specific for remission (8) sug-
gesting that the residually involved
joints not captured by reduced joint
counts may have clinically meaningful
long-term consequences. On the other
hand, we have shown that exclusion of
the acute phase response from the
composite assessment of disease activi-
ty did not affect the performance
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compared to a score that includes such
measure (5), which could be interpret-
ed (although not primarily implied by
us) in the sense that a residual systemic
inflammatory response as displayed by
an increase of CRP may not matter to
long term outcome of RA.
In any case, the use of a composite
index to assess RA disease activity
seems to be inevitable from a clinical
and methodologic perspective (9, 10),
and none of these indices will capture
all aspects of the disease should the
index be practically useful and charac-
terized by high sensitivity to change.
Nevertheless, the issue with some
composite indices is that it often be-
comes unclear what a given measured
level on the respective scale means in
terms of the underlying disease activity
(11). Several questions are typically
asked in this regard, which are fueled
by the seemingly infinite heterogeneity
of clinical presentations of patients
with RA: Which elements of the
disease are considered? Have those
elements that need to be suppressed
already become normal? Who are the
stakeholders for identifying elements
that need to be suppressed?
In the following section, we will briefly
discuss some issues related to the per-
spectives of the different stakeholders
and then look at the comparison of
various remission criteria.

The patient’s perspective
In RA outcomes research, there have
been ongoing efforts to include patients
and their perspective into the assess-
ments that are obtained in clinical
practice and in trials. One argument to
support such approach was that the
perception of health status differs
between patients and physicians (12).
The respective activities at OMERACT
revealed the importance of fatigue in
the view of the patients, as well as the
need for frequent disease activity
assessment to accommodate temporal
variations (13). In a study by Stamm et
al., it was also seen that several aspects
of the impact of the disease on patients
are not necessarily well covered by cur-
rent approaches (14). In another study,
Heiberg and Kvien showed that pat-
ients gave the highest priority for

improvement to their levels of pain
(15).
In a similar way, we show here, on the
basis of clinical observations, that
patients consider themselves to experi-
ence higher levels of disease activity if
tender joints are present as compared to
swollen joints. We therefore used our
observational cohort of patients with
RA (16-18) at a cross-sectional point in
time, excluding all patients for whom
assessments were missing (n=767). We
correlated the patient global assess-
ment of disease activity (PGA) on a
0- to 10-cm visual analogue scale
(VAS) with joint counts (on 28-joint
scales). Correlation with tender joint
counts was significantly better than
correlation with swollen joint counts.
In contrast, this was not the case when
the evaluator global assessment of
activity (EGA) was correlated with the
28-joint counts (Fig. 1A).

The physician’s perspective
The request that patients should decide
which outcomes are relevant is impor-
tant, because they are the ones affected
by the disease. However, this can be
challenged by several arguments. One
is the fact that some aspects of the
disease are harmful in the long term
without causing pain or discomfort to

the patient. It has, for example, been
shown that swollen joint counts and the
acute phase response are both associat-
ed with radiographic progression (5,
19-22). If no pain were present, pa-
tients would be willing to accept these
symptoms and findings. In the same
way as it would be unacceptable to
guide treatment for hypertension pure-
ly based on patient reported outcomes
(e.g., headache) as opposed to objec-
tive measures (i.e., the actual blood
pressure) that are known to be closely
related to preventable outcomes (i.e.,
cardiovascular events or renal failure),
it is not acceptable for rheumatologists
to base their treatment decisions on
measures that are only patient derived.
Nevertheless, some self-report mea-
sures, especially those assessing physi-
cal function, are still among the mea-
sures with the highest association with
adverse long-term outcome. However,
there are some issues related to guiding
treatment decisions based on measures
of physical function, which are dis-
cussed in a subsequent section (“remis-
sion and physical function”).
As mentioned above, in patients with
RA, the self-assessment of disease
activity is largely driven by pain
(which by itself is a strong determinant
of physical function), while other

S-46

Should we care about RA remission criteria? / D. Aletaha & J.S. Smolen

Fig. 1. Correlations between joint counts and activity assessment. The Spearman correlation coeffi-
cients and their 95% confidence intervals (calculated based on Fisher’s approximation) are shown for
767 cross-sectional patient observations. Panel (A) shows the correlation between PGA and the two
joint counts and compares it with the correlations of EGA with the two joint counts: there is signifi-
cantly higher correlation of tender joint count with PGA than swollen joint count with PGA; in con-
trast, the correlations of joint counts with EGA is not different. Panel (B) represents the correlation so
that the effect of swollen joint count and tender joint count on the patients’ and the physicians’ assess-
ment of disease activity can be explored: while for physicians the assessment of disease activity is
significantly more based on swollen joint count than for the patients, there is no difference between
patients and physicians for the tender joint count. Abbreviations: PGA: patient global assessment of
disease activity; EGA: evaluator global assessment of disease activity, SJC: swollen joint count; TJC:
tender joint count.



symptoms that are also related to the
inflammatory process, but are not
painful, are prone to be neglected by
the patient.
As an example, the data shown in Fig.
1A can be rearranged as presented in
Fig. 1B, so that the effect of swollen
joint counts and tender joint counts on
the evaluation of disease activity by the
different stakeholders can be explored:
the number of swollen joints is closely

correlated with the evaluator’s assess-
ment of disease activity, and signifi-
cantly less correlated with the patient’s
assessment of disease activity. In con-
trast, tender joint counts have compara-
ble correlations with both of the global
scores (Fig. 2B). In other words: while
physicians do not appear to neglect the
feature deemed most important by the
patients, patients do not appear to suffi-
ciently appreciate the importance of a

feature that, as physicians have learned,
is more strongly associated with long-
term outcome than the former.
Another piece of evidence stems from a
recent survey, in which 44 international
rheumatologists were asked to indicate
the cut point for remission individually
for the various core set variables (23).
The physicians were first asked to
consider a clinical situation where the
variable of interest was the only one
available to assess disease activity and
then responded to the individual items
on the survey (each corresponding to a
single core set variable). The results
showed that the median cut point for
remission on a 28 joint scale was 1 for
the swollen joint count and 2 for the
tender joint count (Table I); this dif-
ference was based on a shift of the dis-
tribution curve, that is, it was seen at
the 25th percentile in the same way as
for the maximum response. In line with
the findings mentioned above, this
indicates that physicians consider
swollen joints to be more reflective of
an active disease process than tender
joints.

Categorical and dimensional model
of remission
It can be concluded from the above
that it is one of the important responsi-
bilities of the rheumatologist to guide
treatment based on the interpretation of
all available measures (subjective and
objective) that are potential harbingers
of a bad prognostic outcome. Using a
set of different variables, the definition
of a state like remission can principally
be approached from two different
perspectives, the categorical model
and the dimensional model (24). In the
categorical model, definition of the
state requires fulfillment of multiple
criteria (e.g., 5 of 6, such as in the
Pinals criteria (25) for remission),
where each has its own threshold value
for being judged as positive or fulfilled.
Categorical models are also typically
used for classification criteria of var-
ious disorders. The dimensional model
on the other hand provides an integra-
tive view of the different elements that
are taken into consideration. This is
achieved by either creating scales that
are based on a summation of categories
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Fig. 2. Levels of residual disease activity in remission (A-C). The different panels characterize sub-
sets of an observational cohort of 2754 observations who were classified into remission by the cutoffs
for the SDAI (black lines), the CDAI (light grey lines), the DAS28 (dark grey lines). The cumulative
proportion of patients in remission is plotted against increasing values of seven core set variables, as
indicated on the respective x-axes. The SDAI based definition of remission is more stringent than the
one based on the DAS28 for all individual variables except for ESR (which is not included in the SDAI
formula; see text). Adapted from ref (29).
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of individual measures (e.g., the Glas-
gow Coma Scale) or by indices that
summarize the actual values of differ-
ent measures into a single number.
Translated to rheumatology, the cate-
gorical model can be translated as an
intersection of cut points for individual
measures, whereas the dimensional
model would best correspond to criter-
ia for composite indices.
One important aspect in regard to the
definition of clinical states, such as
remission, is that the classification
should ideally match the impression
that rheumatologists would get in clini-
cal practice. This is often called “face
validity” of a definition. In this regard,
the definition of remission based on
composite indices is more likely to
have overall face validity than defini-
tions based on categorical criteria. In
the latter, fulfilling a threshold value
for one variable can compensate for
fulfilling another criterion, thus poten-
tially allowing some of the disease
activity measures to be significantly
elevated, as long as at least some of the
others are normal. Composite indices
overcome this problem, because they
provide an integrative view of the
included variables. Thus, each incre-
ment in one of the variables is associat-
ed with some increase in the overall
value of the index. In the following
discussion, we will focus on remission
criteria for RA composite indices.

Remission criteria for RA composite
indices
Currently, the most widely used com-
posite indices are the Disease Activity
Score (DAS) as originally described or

as modified for 28 joint counts
(DAS28) (2, 3), the Simplified Disease
Activity Index (SDAI) (4), and the
Clinical Disease Activity Index
(CDAI) (5). These indices allow both
evaluation of actual disease activity
within or between individual patients
or groups of patients and response to
therapy (2-5, 11, 26). This applicability
to reflect a disease activity state distin-
guishes these scores from the ACR
response criteria. The latter need a giv-
en baseline state to which the current
state can be compared to, and therefore,
the actual disease activity upon fulfill-
ment of these criteria can widely differ
among individuals or patient samples
(27, 28).
As a consequence of a reflection of the
full range of disease activity in the
composite scores, certain disease activ-
ity states can be categorized by deriva-
tion of cut points using “gold stan-
dards”. Obviously, such cut points and
categories are at best approximations
of the “true” state and may vary partic-
ularly due to differences in perception
(i.e., changes within the gold standard)
in the course of secular trends in time.
The remission cut point for the original
DAS is < 1.6, while it had been defined
for the DAS28 (based on a 28-joint
count) as < 2.6. We have recently
defined remission criteria based on a
comprehensive survey among 35 inter-
national rheumatologists (29). These
physicians were from 14 different
countries, were experts in the field of
RA clinical trials, and had a median
time in rheumatology practice of 20
years. They were asked to indicate the
presence of remission or active disease

states on a set of 35 patient profiles that
included all relevant clinical parame-
ters. These responses served as the gold
standard during the determination of
the best cut points by means of various
complex statistical procedures (29).
As one of the results, the cut point
obtained for the DAS28 was similar,
although somewhat lower (DAS28 ≤
2.4) than the one originally defined.
We also defined a remission cut point
for the SDAI which was 11. In an addi-
tional analysis using the same methods,
we derived the remission cut point for
the CDAI as 10 (28).

Comparative validity of remission
criteria for composite indices
We have discussed the potential advan-
tages of indices over categorical crite-
ria. However, even among the compos-
ite indices, there are differences in
regard to face validity that stem from
the different constructions of the
scores. Fig. 2A-C illustrates this issue
by comparing the cumulative distribu-
tions for seven disease activity mea-
sures in patients classified as being in
clinical remission. One can see that, for
example, about 85% of patients clas-
sified as in remission by the SDAI truly
have no swollen joints, while this is the
case only for 70% of patients classified
as in DAS28 remission (Fig. 2A); also,
residual joint counts in SDAI remission
never exceeded 2, whereas they reached
up to 10 and more joints in DAS28
remission (29-31). In addition, pain
scores and patient and evaluator global
scores showed cumulative remission
distributions favoring the SDAI de-
finition (Fig. 2B). Pain scores are of

Table I. Indicated cut points for remission*.

Min. 10th pct. 25th pct. 50th pct. 75th pct. 90th pct. Max.

Swollen joint count (0-28 joints) 0 0 0 1 2 3 4
Tender joint count (0-28 joints) 0 0 1 2 3 5 6
Erythrocyte sedimentation rate (mm/h)** 2 5 10 14 19.5 25 30
C-reactive protein (mg/L)† 5 5 5 5 10 14.5 32
Patient assessment of activity (0-100 VAS) 0 4.5 7 12.5 19 24.5 39
MD assessment of activity (0-100 VAS) 0 0 4 8.5 12 20 37
Health assessment questionnaire disability index (0-3) 0 0.1 0.3 0.5 0.5 1.1 1.5

*All cut points can be understood as “≤” (for details, see text)
If the indicated ESR was < 2 mm, then ESR was set to 2 mm (suggested lowest possible ESR value)
†If the indicated CRP was < 5 mg/L then CRP was set to 5 mg/L (lower limit of detection for most routine laboratories) for all responses <5 mm on the VAS.
Adapted from Ref. (23).



particular interest in this comparison,
since neither of these measures is in-
cluded in the SDAI or DAS28 formulae.
Erythrocyte sedimentation rate (ESR)
is the variable that is most stringently
represented in the DAS28 (Fig. 2C).
Another aspect is construct validity,
and this relates to important outcomes
that make sense knowing the nature of
the disease. In the case of RA, func-
tional deterioration and radiographic
progression are two measures of con-
struct validity. After derivation of the
remission criteria for the SDAI and the
DAS28 (29), we analyzed how patients
classified into this state would progress
radiographically over time. In Fig. 3, it
can be seen that patients who spend the
majority of a given period of time (in
this case, 3 years) in remission, as
defined by the mentioned criteria for
the DAS28 (Fig. 3, left panel) or the
SDAI (Fig. 3 right panel), do not pro-
gress radiographically on average, and
significantly less than those who spent
50% or less time in remission (29).
Finally, the overall value of criteria in
classifying a subject can be assessed
using diagnostic testing procedures.
In receiver operating characteristics
(ROC) curve analysis, a series of
increasing cut points on a continuous
scale (in our case, SDAI or DAS28
scale) are used to classify a set of pa-
tients, and sensitivity and specificity of
this classification is compared to a gold
standard classification. We used the
mentioned physician’s classification as
the gold standard and performed a
ROC curve analysis on the SDAI,
CDAI, and DAS28. The area under the
ROC curve is a measure of the overall
usefulness of a scale as a test for a state
and should be significantly different
from 0.5, which is the result for a use-
less test. From Table II, it can be seen
that the present remission criteria con-
form very well with the view of inter-
national experts in the field of RA, with
area under the ROC curves of >0.94.
Although in some circumstances the
SDAI conforms better with physicians’
decision making than other scores (32),
one can conclude from these results
that there is overall no significant dif-
ference between these scores in regards
to their accuracy of classification, as

had also been shown for other disease
activity states based on these indices
(33). Nevertheless, the frequencies of
classifying patients as in remission are
higher for the DAS28 than for the
SDAI and CDAI (34), which occurs
because patients can be classified as in
DAS28, but not SDAI or CDAI remis-
sion even if they have a considerable
residual swollen joint count and pain
(see above and Fig. 2). In view of the
association of swollen joint counts with
progression of joint destruction (35), it
will have to be seen if these patients,
whose other components of the DAS28
have reached a level low enough to
fulfill remission criteria, experience
higher degrees of joint damage and dis-
ability in the long term.

Remission and functional status
Disability is the major sequela of RA,
and under ideal circumstances remis-
sion will be associated with normaliza-
tion of functional impairment as mea-

sured by the Health assessment ques-
tionnaire (HAQ). However, in contrast
to most other variables used for disease
activity assessment, such as joint swel-
ling or acute phase responses, disability
is not monomorphic. Rather, it is de-
pendent on various factors. In RA, dis-
ability has two major components, one
being a consequence of active disease,
and the other related to joint damage
(36); these two components create a
duality of RA disability with reversible
elements on the one hand, and irre-
versible elements on the other. The
irreversible component of disability
increases with increasing joint damage
and increasing disease duration (37).
Moreover, even in the general healthy
population, disability increases with
increasing age (38). Therefore, when
using functional instruments to assess
remission, potential cut points would
not be generalizable to the whole popu-
lation of RA patients; rather several cut
points, each for a particular subgroup
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Fig. 3. Radiographic progression in remission. Association between the time spent in remission are
shown in relation to radiologic progression (as measured by the change in Larsen scores) for 56
patients in an inception cohort of RA, followed over a period of 3 years. The boxes show the quartiles,
while the whiskers indicate the range of values (excluding outliers). Adapted from ref (29).

Table II. Usefulness of composite indices as tests for remission.

Test result variables Area under the ROC curve* p-value†

(95% confidence interval)

Simplified Disease Activity Index (SDAI) 0.952 (0.871 to 1.033) <0.001

Clinical Disease Activity Index (CDAI) 0.946 (0.854 to 1.037) <0.001

Disease Activity Score 28 (DAS28) 0.942 (0.863 to 1.021) <0.001

*Receiver operating characteristics (ROC) curve analysis using the classification of remission by the
majority of 35 rheumatologists as the gold standard for remission.
†p-value for test using the null hypothesis of an area under the curve (AUC) = 0.5.
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of patients, would be needed. Even
then a given HAQ score would not in-
form if a patient has no evidence of
active disease but had gone through
significant joint destruction or has no
damage but residual disease activity. In
fact, improvement of HAQ scores from
baseline to clinical (SDAI) remission
differed significantly depending on the
degree of joint damage: while about
25% of patients with moderate to
severe joint damage had less than 50%
improvement, more than 75% of patients
with little joint damage had more than
80% improvement of the HAQ (37).
In this context the data shown in Fig. 4
are of interest, since they relate HAQ
scores to disease activity states ob-
tained by two composite activity in-
dices, the SDAI and the DAS28. Pa-
tients classified as being in low disease
activity by both SDAI and DAS28 had
virtually identical median HAQ values,
as well as HAQ distributions. In con-
trast, in remission by the SDAI, the
75th percentile of the HAQ values did
not exceed 0.5 whereas it extended to
0.75 among patients in DAS28 remis-
sion; likewise, the median HAQ tended
to be higher in DAS28 than SDAI re-
mission (Fig. 4). This finding is in line
with the higher joint counts observed in
DAS28 remission as discussed above.

Thus, while functional status is an
excellent predictor of mortality in RA
(39), function is not an ideal attribute to
guide treatment decisions, since, in
contrast to pure measures of disease
activity, two patients with similar HAQ
scores might be orthogonally different
in regards to the required therapeutic
consequence. Therefore, we feel that
measures of function should be used
separately from other instruments of
disease activity assessment in the eval-
uation of remission, at least until ways
are found to interpret the reversible and
irreversible components of disability
separately; such investigations are on
the way. In any case, since measures of
function and measures of pure disease
activity convey different, though partly
overlapping information, functional as-
sessment should definitely be part and
parcel of RA evaluation, including the
assessment of remission.

Conclusion
Remission is a state that can be
achieved in an increasing proportion of
patients. The combination of several
RA disease activity measures seems to
be important for an overall view of
disease activity. Remission can be de-
fined by two different approaches: one
using a categorical model, requiring

criteria for multiple variables to be ful-
filled, each with its own threshold val-
ue (remission “criteria”); the other
using a dimensional model, providing
single measures of activity, which
allow definition of remission by a sin-
gle cut point (remission cut points for
composite indices). The face validity of
remission as defined by composite
indices surpasses the one for the “crite-
ria”, and among the composite indices,
the ones that are not weighted seem to
surpass the weighted ones. All compos-
ite indices seem to perform similarly
well as tests for remission using expert
judgments as the gold standard,
although in DAS28 remission a signifi-
cant proportion of patients continues to
have considerable swollen joint counts
and HAQ scores.
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