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published in 1993 by van der Heijde ef al, is an

instrument to measure the state of disease activity.'
The DAS includes the following four components: a 44
the Ritchie articular
erythrocyte sedimentation rate (ESR), and a measure for
global health. Cut off points for low and high levels of disease
activity have been derived and published, as well as DAS
based response criteria.” * A cut off level of 1.6 was proposed
to distinguish patients in remission from those who are not.’

For reasons of convenience, a reduced DAS was proposed
by Prevoo ef al, which is based on 28-joint swollen and tender
joint counts, and omits grading for tenderness as applied in
the Ritchie articular index (DAS28).° Using a conversion
formula, the appropriate cut off point for remission measured
by DAS28 was reported to be 2.6, and this cut off value was
recently validated statistically.”

The 28-joint counts differ from the comprehensive joint
counts primarily in that they omit the feet and ankle joints.
Therefore, there is a possibility that a patient with inflam-
mation only of the feet and ankle joints could classify as
being in remission according to the DAS28 remission
criterion. We investigated whether such a situation indeed
occurs in the context of a clinical trial, by comparing DAS
remission and DAS28 remission, as well as their individual

The original disease activity score (DAS), which was

swollen joint count,

components.

METHODS

We investigated patients

(Combinatietherapie
COBRA was a 56

week multicentre clinical trial that
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Objective: To compare 28 joint disease activity score (DAS28) remission with comprehensive joint count
DAS remission in rheumatoid arthritis.

Methods: 620 actually measured paired observations of DAS28 and DAS were analysed in 155 patients.
Discordant observations (either DAS or DAS28 below remission cut off level: 1.6 for DAS and 2.6 for
DAS28) and concordant observations (both DAS and DAS28 below their remission cut off level) were
analysed separately.

Results: 91 of 620 paired DAS observations (15%) were discordant; 87 (in 53 patients) comprised
observations in which the DAS28 remission criterion, but not the DAS remission criterion, was met. The
reverse was found in only four observations, which were therefore omitted. With the original DAS as
standard, DAS28 sensitivity was 95% and specificity 84%. Probability plots showed a swollen joint count
>0 in 75% of discordant pairs v 48% of concordant pairs. The same was found for total joint count (TJC
>0 in 90% v 40%; median TJC, O v 6) and patient global assessment, but not for ESR. Individual joint
analysis showed that 51% of discordant v 18% of concordant observations (p<<0.0005) had involvement
of lower extremity joints that are not included in the DAS28.

Conclusions: DAS remission is more conservative than DAS28 remission. Activity (tenderness and
swelling) in joints not included in the reduced joint counts (ankles, feet) mainly account for the discrepancy
between the two assessments. DAS28 remission at a cut off level of 2.6 has insufficient construct validity
and should be used with caution in clinical practice and clinical trials.

randomly assigned 155 patients who met the American
College of Rheumatology criteria for rheumatoid arthritis. All
patients had early active disease (less than two 2 years,
median four months). Previous treatment with antimalarial
drugs (but no other disease modifying antirheumatic drugs)
was allowed but occurred very infrequently. One group was
treated with a combination of sulfasalazine, methotrexate,
and initially, high dose oral prednisolone (COBRA regimen),
the other group was treated by sulfasalazine alone. The
prednisolone dosage was 60 mg/day in the first week and
tapered in weekly steps to the maintenance dosage of 7.5 mg/
day in week 7. Prednisolone and methotrexate were tapered
and stopped after weeks 28 and 40, respectively, while
sulfasalazine was continued.

Patients were assessed frequently with unequal time
intervals. For the analysis in this study, we made use of data
obtained at baseline and at three month, six month, nine
month, and 12 month time points.

Disease activity was measured at all time points by trained
research nurses who were not involved in the decision
regarding continuation or change of study treatment or other
treatment decisions. Disease activity was measured using the
disease activity measures of the World Health Organisation/
International League of Associations for Rheumatology core
set.'” The measures relevant to this study included a tender
joint count (TJC, 68 joints), a swollen joint count (SJC, 44
joints); the Ritchie articular index (2), patient global

index,” the

participating in the COBRA

R de . Artritis) o Abbreviations: ACR, American College of Rheumatology; COBRA,
eumatoide  Artritis) study.

Combinatietherapie Bij Reumatoide Ariritis; DAS28, 28 joint disease
activity score; SJC, swollen joint count; TJC, tender joint count

www.annrheumdis.com



638

Table 1T DAS28 remission in case of DAS remission in
620 observations in 156 patients who participated in the
COBRA ftrial

DAS remission DAS remission

present absent Total
DAS28 remission 77 87
present 164
DAS28 remission 4 452
absent 456
Total 81 539 620

Sensitivity = 95%, specificity = 84%, positive predictive value = 47%;
negative predictive value = 99%.
DAS, disease activity score; DAS28, 28 joint disease activity score.

assessment of wellbeing (10 cm visual analogue scale with
worst (10) and best (0) imaginable health status as
extremes); and ESR (Westergren method).

The DAS and the DAS28 were computed using the
formulae below. For inferring the DAS28, the 44 swollen
joint count and the 68 tender joint count were recalculated
into 28 joint counts by using the source data. DAS remission
was considered to be present if DAS was <1.6 and DAS28
remission if DAS28 was <2.6.

DAS =0.54, RAI + 0.06 SJC +0.33 Ln (ESR) + 0.007 (GH)
DAS28 = 0.56\5‘ TJC28 + 0.28/SJC28 + 0.70 Ln (ESR) +0.014
(GH)

where RAI = Ritchie articular index, SJC = swollen joint
count, GH = global health (10 cm visual analogue scale with
0 =Dbest and 10 = worst), and Ln = natural logarithm.

Analysis

For this study, all observations per patient were counted as
independent observations. The focus of the study was on
discordance with regard to DAS remission and DAS28
remission. A discordant observation was defined as an
observation in which the DAS remission criterion was met
while the DAS28 remission criterion was not met, and vice
versa. Subsequently, we investigated the swollen joint count,
the tender joint count, ESR, and the patient global assess-
ment in discordant remission pairs, and compared them with
concordant remission pairs. For this purpose, probability
plots were constructed. Probability plots visualise every single
observation by plotting them in order from the lowest to the
highest value." Unlike descriptive statistics, probability plots
have the advantage of showing the coherence of the dataset.
We also calculated means and centiles of swollen joint count,
tender joint count, ESR, and patient global assessment, and
we compared swelling in lower extremity joints (ankles, feet)
in concordant and discordant pairs, using source data.

RESULTS

We investigated 620 paired observations of DAS and DAS28
in 155 different patients. Table 1 shows the concordance and
discordance rates of these observations.

In 168 of 620 observations (27%), the remission criterion
was met according to at least one of both remission
definitions. In only 77 observations (13%) in 35 patients
was the remission criterion met by both definitions, and in 91
observations (15%) in 53 patients paired observations were
discordant with respect to remission. In 87 of 91 discordant
observations in 49 patients (96%) DAS28 remission but not
DAS remission was met. DAS remission but not DAS28
remission was met in only four of 91 observations in four
patients (4%). Subsequently, comprehensive swollen and
tender joint counts, ESR, and patient global assessments
were investigated in the discordant pairs of observations with
remission. Because DAS28 remission in the absence of DAS
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remission was extremely rare (n = 4), we omitted this type of
discordance from further analysis.

If the more conservative DAS remission was considered the
gold standard, the sensitivity of DAS28 remission was 95%,
the specificity 84%, the positive predictive value (PPV) only
47%, and the negative predictive value (NPV) 99%. Attempts
to improve the statistical performance of DAS28 by changing
the cut off level for remission using receiver operating
characteristics (ROC) analysis resulted in an optimal (highest
agreement) cut off level for DAS28 of 2.73 (sensitivity 99%,
specificity 81%, PPV 43%, NPV 100%). Forcing a cut off level
towards increased specificity increases PPV, but at the cost of
sensitivity: a cut off level for DAS28 remission of 2.0 resulted
in a PPV of 66% and a sensitivity of 70%.

The probability plots in fig 1 represent individual observa-
tions with DAS28 remission, stratified by the presence of DAS
remission. It is obvious that discordant observations of
remission (fulfilling DAS28 remission but not DAS remission)
include far higher swollen or tender joint counts as well as
patient global assessments that are worse than concordant
observations (both DAS28 remission and DAS remission),
pointing to a higher level of disease activity, with many active
joints. The median (50th centile) number of swollen joints of
44 possibly swollen joints was 0 in the concordant observations,
as compared with 3 in the discordant observations. The median
number of tender joints was 0 in concordant observations, as
compared with 6 in the discordant observations.

The probability plot shows that a swollen joint count >0
was found in 75% of discordant pairs v 48% of concordant
pairs. Similarly, a tender joint count >0 was found in 90% of
discordant v 40% of concordant observations.

The discrepancy with regard to ESR was only minimal:
concordant and discordant observations of remissions had
similar ESR values, and high ESRs (>30 mm) were only seen
in the discordant pairs.

The entire plot for the patient global assessment is shifted
to the left for the discordant v concordant pairs, indicating a
higher overall assessment (worse status). In line with this,
we found in the discordant observations that patient global
assessment correlated better with the 44 joint SJC (r = 0.33)
than with the 28 joint SJC (r=0.03), and with the 68 joint
TJC (r=0.48) than with the 28 joint TJC (r=0.23),
suggesting significant disease activity in the joints omitted
by the 28 joint count.

Subsequently, we addressed the hypothesis that DAS28
remission could occur in the absence of swelling in the 28 joint
count but in the presence of swelling in the joints not belonging
to the 28 joint count. Table 2 shows that in observations with
DAS28 remission based on an SJC of zero joints, important and
clinically relevant swelling could occur in residual joints. The
same was found with respect to tenderness. Table 2 also
provides the mean SJC and TJC for the different types of joint
count (comprehensive, condensed, and residual) for different
scenarios. Importantly, in the scenario with discordant remis-
sion, the residual SJC accounted for 59% of the total SJIC, where
it was much lower in the other scenarios (and should be 16 of
44 (36%) assuming a proportional distribution). The residual
TJC even accounted for 78% of the total TIC, where it was
much lower in the other scenarios (and should be 40 of 68
(59%) assuming a proportional distribution). These results
suggest that in a scenario defined by the presence of DAS28
remission but the absence of DAS remission, substantial
disease activity (swelling and tenderness) is present preferen-
tially in those joints that are not captured by the condensed 28
joint counts. Note that the mean joint count—but not the
ESR—in the discordant remission scenario outweighs the
mean joint count in the concordant remission scenario, in
agreement with the probability plots in fig 1. Note also that this
discordant remission scenario is the only one in which mean



DAS28 remission in rheumatoid arthritis

639

Cases with DAS28 remission m Cases with DAS28 remission 4
20 |- | © Concordant observations 40— | o Concordant observations -
& Discordant observations » Discordant observations
A
-— AO A
S 15 30 - A
8 *=E o=
- <
£ £ 20
o ° £ - S
— DO - — o
i) ]0 OO % OA
[e) [FE}
2
%)
5
o | |
0.00 0.25 0.50 0.75 1.00 100
Cumulative probability (%) Cumulative probability (%)
Cases with DAS28 remission o~ 10.0 — [Cqses with DAS28 remission 4
30| o Concordant observations - o Concordant observations A
& Discordant observations s Discordant observations a
E
O
£ =
=) B )
o 20—
b s g
s
= e K
3 st B
5 10 P =
= A ko]
£ S
oy o o
mm JJDO
OO0 o
LN [e1111110)
DOOON [erirairvirneir el
or, | | | |
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

Cumulative probability (%)

Figure 1

Cumulative probability (%)

Probability plots of swollen joint count, tender joint count, erythrocyte sedimentation rate (ESR), and patient global assessment of wellbeing

in observations with DAS28 remission, with (concordant) or without (discordant) DAS remission. DAS, disease activity score; DAS28, 28 joint disease

activity score.

DAS is numerically higher than mean DAS28—another
argument for an underestimation of disease activity by
DAS28 in this particular scenario.

We subsequently analysed whether the discrepancies
between DAS remission and DAS28 remission could be
specifically attributed to involvement of ankles and feet.

Seventy one of 77 concordant observations and 83 of 87
discordant observations could be evaluated for swelling of
lower extremity joints using the source data. Thirteen of 71
concordant observations (18%) v 42 of 83 discordant
observations (51%) (y?= 16, p<0.0005) had swelling in at
least one joint of the lower extremities (range 1 to 4).

DAS28 and DAS remission criteria

Table 2 Swelling and tenderness as derived from different joint counts for different scenarios of disease activity, based on

Variables

DAS28: No remission
DAS: No remission

DAS28: Remission
DAS: No remission
(Discordant remission)

DAS28: Remission
DAS: Remission
(Concordant remission)

Swollen joint count from the 44 joint count
Swollen joint count from the 28 joint count
Residual swollen joint count (from 16 joints)*
Residual swollen joint count if SJC28=0
Tender joint count from the 68 joint count
Tender joint count from the 28 joint count
Residual tender joint count (from 40 joints)
Residual swollen joint count if TJC28=0
Erythrocyte sedimentation rate (mm)
Patient global assessment (VAS, mm)
DAS28

DAS

107 (7.7)
8.0 (6.2)
2.7 (4.2)
8.6 (10.5)
17.9 (14.8)
8.7(7.1)
9.3(9.9)
16.3 (16.1)
30.1 (24.9)
3.5 (2.5)
4.4(1.1)
3.6(1.1)

4.1 (4.5)
1.7 (2.3)
2.4(3.9)
2.6(5.2)
8.8 (8.0)
1.9 (1.9)
6.9(7.2)
6.5(9.7)
8.1(8.1)
2.5(2.3)
2.1 (0.4)
2.3(0.7)

1.8 (3.0)
1.2(22)
0.6 (1.4)
0.4(1.1)
0.8 (1.3)
0.4 (0.7)
0.4 (1.1)
0.4 (0.9)
8.6 (7.0)
1.2 (1.6)
1.7 (0.5)
1.1 (0.4)

Values are mean (SD).
(tender) joint count.

scale.

“The residual swollen (tender) joint count involves joint captured by the comprehensive swollen (tender) joint count, but omitted by the condensed 28 joint swollen

DAS, disease activity score; DAS28, 28 joint disease activity score; SIC28, 28 joint swollen joint count; TIC28, 28 joint tender joint count; VAS, visual analogue
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DISCUSSION

This study clearly shows that the concepts of DAS remission
and DAS28 remission may disguise different situations with
respect to disease activity state. It is obvious that DAS
remission more closely resembles the situation that clinicians
intuitively link with the absence of disease activity than
DAS28 remission. Because a swollen joint count of >3 or 4
cannot possibly be compatible with absence of disease
activity, it may be concluded that the DAS28 remission
(and to a lesser extent DAS remission) is not a true state of
remission. We have clearly shown here that concordant
observations of remission occur in lower activity states than
discordant observations: the joint counts and the patient
global—but not the ESR—are much lower in the former than
the latter situation. As DAS remission requires low or no
tenderness and the absence of swelling in far more joints
than DAS28 remission, the explanation for this discrepancy
must lie in residual disease activity in joints not captured by
the DAS28. Indeed we were able to show that in the absence
of swelling or tenderness in the 28 joint count, fulfilling
DAS28 remission, there could still be a significant number of
observations of swelling or tenderness in one or more
residual joints, preferentially in the discordant observations
(table 2). Additionally, we were able to show that feet and
ankles were far more often involved in discordant observa-
tions than in concordant observations. The practicality of the
reduced 28 joint count comes at the cost of accuracy. In sum,
the DAS28 remission criterion unacceptably overestimates
DAS remission, and most probably ACR remission.

Fransen et al recently showed in their clinical follow up
cohort that, notwithstanding these inherent fallacies of the
DAS28, a cut off value of 2.6 appeared to be the best level for
remission.” The cut off level of 2.6 was statistically optimal in
that it was most accurate in detecting patients with clinical
remission according to the ACR remission criteria. The latter
comprise a statistical balance between sensitivity and
specificity which, however, does not preclude misclassifica-
tions in either direction. Both the sensitivity and the
specificity of the DAS28 in classifying patients according to
the ACR remission criteria were 87% at the optimal cut off
level of 2.6. The ACR criteria for remission are stringent in
that they require the absence of signs of disease activity,
although they allow the presence of activity in one of six
items. We agree with Fransen ef al and many others that the
ACR criteria for remission are difficult to handle, but
misclassifying 13 of every 100 patients with residual disease
activity as being in remission seems unacceptable.

Interestingly, Fransen ef al also found that the DAS
performed better than the DAS28 in detecting remission.
They found a greater area under the receiver operating
characteristic (ROC) curve for DAS than for DAS28 (both at
their optimal cut off points) for detecting ACR remission,
confirming DAS remission to be closer to the ACR than the
DAS28 remission, and again suggesting lower residual joint
counts in DAS remission than in DAS28 remission. We
directly visualised residual joint counts by probability plots,
and showed that—with a few exceptions—they were very
low in observations with DAS remissions but unjustifiably
high in a substantial proportion of observations with DAS28
remission but without DAS remission. Our attempts to
improve the performance of DAS28 remission showed that
a better (higher) cut off level could be obtained by ROC
analysis against DAS remission. However, the problem of
misclassification based on residual activity in the lower
extremity joints only increases, which in turn reflects the
limitation of ROC analysis: it provides statistically optimal
cut off levels without weighing the direction of misclassifica-
tion. However, forcing to a lower cut off level increased
specificity, but at too high a cost of sensitivity.
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An important factor in this regard pertains to our recent
observation in the TEMPO trial in which we did not find an
important discrepancy between DAS remission and DAS28
remission. This seemingly discrepant observation can be
explained by the fact that residual disease activity among
patients in remission was much lower in the TEMPO trial
than in the COBRA trial.”

In the context of the Outcome Measures in Rheumatology
(OMERACT) initiative, work has been done to define an upper
limit of “minimal disease activity”, a state deemed satisfactory
by both patient and physician given current treatment options
and limitations. A preliminary set of definitions was accepted
at the OMERACT 7 conference.” These were derived from
physician opinions of profiles (descriptions of trial patients)
and real patients seen in practice. For DAS28, values between
2.60 and 2.85 optimally discriminated between patients
considered to have minimal disease activity and those with
higher levels of disease activity. Although in the end the value
of 2.85 was selected, these findings strengthen our conclusion
that a DAS28 level of 2.60 is not sufficiently specific to serve as
a cut off point for remission.

A weakness of our analysis could be that we analysed the
data as though they were from 620 independent observa-
tions. A patient with residual disease activity in the feet and
ankles at a particular time point who meets the DAS28
remission criterion will fail the DAS remission criterion. This
patient will have an increased chance of showing the same
picture one time point later, and we may have overestimated
the prevalence of discordant observations by doing this.
However, the same analysis restricted to single time points
(data not shown) did not essentially change the results,
which adds to the validity of the observation.

Another potential limitation is that the prevalence of
discordant observations depends on the character of the
cohort. If one investigates a trial of rheumatoid patients with
a very effective treatment, or low disease activity per se, and
as a consequence of that many observations with “deep”
remission, the discrepancy between DAS remission and
DAS28 remission could disappear, simply because residual
disease activity in joints not captured by reduced joint counts
is not present. However, we suggest the analyses from our
dataset (patients on COBRA treatment) remain relevant
today—that is, for the levels of disease activity obtainable
with current treatment strategies including biological agents:
in a recent head to head trial, COBRA treatment was
equivalent to high dose methotrexate plus infliximab in an
active early rheumatoid arthritis population.**

In conclusion, we found the DAS28 definition of remission to
be inferior to the original DAS definition in the setting of a head
to head treatment trial of early active rheumatoid arthritis
(COBRA). This finding may become of particular importance as
indices of disease activity are increasingly promoted as tools to
“benchmark” the intensity of antirheumatic treatment.” As
the scenario of an absence of activity in the 28 joint count but
the presence of activity in the residual joints in fact exists, we
propose that no patient can be classified as being in remission
without a full joint assessment.
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