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Rheumatoid Arthritis Measures

Disease Activity Score. {DAS), Disease Activity Score-28 (DAS28), Rapid -
Assessment of Disease Activity in Rheumafology (RADAR) and Rheumatmd
Arthritis Dlsease Activity Index (RADAT) :

4

Jaap Fransen,® Gerold Stucki,? and Piet L. C. M. van RlelfL

DISEASE ACTIVITY SCORE [DAS}

General Description

Purpose. The Disease Activity Score (DAS)
combines single measures into an overal],
continuous measure of rheumatoid arthritis (RA)
disease activity (1,2). The use of a single index has

- advantages, because simultaneous mterpretatwn of .

several measures of RA disease activity is difficult.”
It glso has advantages for statistical analysis in
studies. Because the DAS contains reduced joint
counts, it is also feasible to use for monitoring of
RA disease activity in daily clinical practice.

Content, The DAS includes the Ritchie Articular

Index (RAT); a 44-joint swollen joint count,
erythrocyte sedimentation rate (ESR), and & geheral
health assessment on a visnal analog scale {1.2).

Developer/contact infermation. Professor
P. L. C M. van Riel, et al.,.Department of
Rheumatology, University Medical Center
Nijmegen, P.0. Box 9101, NL-6500 HB Nijmegen,
The Netherlands. E-mail: p.vanriel@reuma umen.nl.
Available at www.das-score.nl.

Versions. The DAS can-be used with or without
general bealth assessment. The DAS28 is analogous
to the DAS but includes simplified 28-joint counts °

(3} A formula to transform DAS28 mto DAS values
is available (4). The DAS can also be calculated
using C-reactive protein (CRP) instead of ESR (see
www.das-score.nl),

8214

Numwber of 1tems in scale. The DAS has 4 items,

_ or 3 when the general health assessment is

/}mlffd

’Subscaies. | N'one

Popﬁlatlons Devs]opmental/iargst ‘Patients
with rhewmatoid arthritis,

Other uses. Not vahdated for o‘rher rtheumatic

- disorders.

WHO ICF Components Body fu.uctmn Body
struqture Impairment ’

Administration

Method. Clinical agsessrisnt of joint counts and
drawing a blood sample far ESR or CRP.

Training. Training is nsces.sary for reliable
assessment of }omt c:ounts

Tune to complete, Allow 5—8 minutes for joint
counts. You should include an hour waiting time
for the ESR result.

Equipment needed. Laboratory for ESR or CRP
determination. For calculating the DAS, a
prograred calculator or computer, or a computer
with an Internet .connection is needed.

Availability/cost. The DAS is available free’ of
charge, at http //mvw das-score. nl

Scoring

Responses. Scale. The RAT ranges from 0 to 78,
the 44-joint swollen joint count ranges from 0 to 44
(445JC). ESR may renge from 0 to 150, General
Health {(GH) renges frem 0 to 100.

Score. The range of the DAS is 010,
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Interpretation of scores. The level of disease
activity can be interprefed as Jow (DAS = 2.4),
,moderate (2.4 <DAS = 3. 7}, or high (DAS >3.7)
'(5). A DAS <1.6 corresponds with being in
remission according to the American Rheumatism
Association (ARA) criteria (8).

-A change of 1.2 {2 times the measurement
error} in the DAS is considered a significant
change (5), because chenges that large are unlikely

the requt of random measurement errcr (P < 0.05). .

The European League Against Bheumatisn
(EULAR] response criteria c:lassify patients as good,

+ moderate, or non-rasponders, wsing the change in
DAS and the level of DAS reached (5). For
example, a patient must show a significant change
as well as low disease activity to be classified as a
good responder. '

Methiod of scormg ’I‘he DAS is most easily
calculated using a programmed calculator or a
computer. Online and downloadable calculators
are freely available at http://www.das-score.nl. The
following formulas are used: (1): ' .

DAS-4 (four variables) = 0.53938 X
sqrt(RAI) + 0.06465 X (¢48JC) + 0,330 X
In(ESR) + 0.00722 X GH.

DAS-3 (three va.uables} = (], 53938 X
sqrt(RAT) + 0.06465 X (44SJC} +'0.330 X -
ln[ESR) + 0. 224

Time to score. The calculatlon of the DAS ta.kes
1 mmute

- Training to score. None,

. .
Training to interpret. None. ;
Norms available. Refsrence values afe available,

and are also useful for the interprotation of the~
diséase activity scores from individual pa‘uents soe”
“intérpretation. of scores.” . /

’

Psychometric Information

Reliability. Test-retest. Reprodumblh'ey of the
DAS was defermined by an interperiod correlation
matrix of RA patients with =3 years foliowilp The
measurement-remeasurement correlation was r =
0.80, and the measurement exror was 0.6, A )
significant change in DAS for individual patients
was defined as 2 times the measurement error {2 X

0.8) = 1.2 (2). Changes that large are unlikely the

 resuit of random measurement error (P = 0.05},

Validity. Content. The DAS includes measures
from the “core set”’ of measures used to afsess the
efficacy of disease-modifying antirheumatic drugs.

The DAS deliberately excludes measures of
disability or joint damage {1).

Criterfon, There is no real “gold standard”
available to judge RA disease activity. Therefore, in
the development of the DAS, physician judgement
of low and high disease activity was used as
external standard (1), In a validation study, the
DAS showed larger power than other indices or
single vaziables to discriminate low from high
disease activity (7). The DAS showed & high
predictive ability (pa = 0.93) in discriminating
“active RA" from “partial or complete remdssion”
in another study (8).

Concurrent. Of severzl composite indices, the
DAS had the highest correlations with. assessor's,
(r = 0.80) and patient's {r > 0:60} global
assessment of disease activity (9). The DAS was
well correlated (mean r = 0.61) with 12 other
estimators of disease activity, whereas the
composite indices all showed higher ccrrelations
than the smgle va.rlables (7).

Construct. The DAS was well correlated with

disability as measured with the Health Assessment:

Questionnaire {(HAQ)-{7,10), this correlation

. remained fairly constant {r = 0.51—0.68)
" throughout 12 years of disease duration (10}, An

increase in the DAS over fime was associated with
an increase in disability over the same period (11},
Joint damiage may be looked at as the result of the
activity of the RA disease process over time. The
- mean DAS (7), and increase and fluctuations in the
_ ‘DAS (12) were well related to increase in joint
" damage over the same time period.,

The DAS-based EULAR response criteria are
generally evaluated for their performance in RCTs

~or the association with disability and joint damage.

It was shown that the EULAR response criteria
performed as well as (4,13) or better {5,14) than the
modified American College of Rheuwmatology (ACR)
or WHO/ILAR response criteria in discriminating
the stronger treatment from control treatment in

_ RCTs. No differences were found between ACR

and EULAR criteria when using full or reducesd
joint counts {15). Good responders according to the
EULAR criteria showed significantly more

. fmprovement in. pain {P < 0.001) and disability (P

< 0.001) than moderate and non-responders. Joint
darrage progressed in moderate (P = 0.005) and
non-responders (P = 0.01) but not in good
responders (P =.0.94) (16). Other studies glso
showed that the EULAR Iesponse criteria are
clearly related to change in disability (4) and
progression of joint damage (4,5,14) and perform as
well as or better than the ACR response criteria.
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Responsiveness to change. In a trial coxparing
sulfasalazine with a combination of methotrexate,
sulfasalazine, and pred.msolone, all composite

_ indices gvere more responsive than single core set

measures. The ACR20% criteria were most
responsive; the Standardized Respouse Mean -
(mean change divided by SD chenge) of the DAS

was about half as large (13), N .

Comments and Critique

The DAS, DAS28, and the EULAR response
criteria aré extensively validated and are finding
increasing use in RA clinical trials and for
monitoring individual RA patients. In the
literature, there are several formulas available. for

~ calculation of the DAS, which may cause

confusion (17). Valuas of the DAS and DAS28 are
not directly comparable, but a transformation
formula has to be used. .

The DAS can be used as a guide in the

suppression of RA disease activity with disease- -~

modifying antirheumatic drugs. However, it must
be noticed that even firm suppression of disease
activity may not be sufficient to totally stop the
progression of joint damage. Furthermore, eyen”
when the DAS is a useful guide for treatment
decisions, it"does not replace careful patient’
examination and ingquiry. -

A disadvantage of the DAS in practice is the
need for a blood semyple and joint counts by a
trained health-care provider. Self-assessment of RA
disgase activity by the patient may be less
laborious for the physician. However, patient '
assessed disease activity may proxy but not
automatically replace the DAS (18).
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DISEASE ACTIVITY SCORE-28 (DAS28)

General Description

Purpose. The Disease Activity Score-28 (DAS28)
combines single measures into an overall,
continuous measure of theumatold arthritis (RA)
disease activity (1—3). The use of a single index has
advantages because simultaneous interpretation of
- several measures of RA disease activity is difficult,
It also has advantages for statisticel analysis in
studies. Since the DAS28 contains reduced joint
counts, the DAS28 is also feasible to use for
monitoring of RA disesse acuwty in da.lly clinical
practice.

Content. The DAS28 mcludes a 28 tender joint
count, a 28 swollen joint count, erythrocyte g
sedimentation rate, and a general health
assessment on a visual analog scale [2_ 3}

Developer/contact inforiation. Professor
P. L. C. M. van Riel et al; Department of
Rhéeumatology, University Medical Center
Nijmegen, P.O. Box 9101, NL-6500 HB Nijmegen,
The Netherlands, E-mail: p.vanriel@retima.vmen.nl.
Available at: http://www.dag-score.nl. : -

Versions. The DAS28 can be uged with or
without general health assessment. The DAS28 is
analogous to the DAS but includes 28-joint counts.
A formula to transform DAS28 into DAS values is
available {4), The DAS28 can also be calculated
using C-reactivé protein (CRP) instead of ESK [see
http/fwww.das-score.nl). . o

Number of items in total scale. The, DASZBFhas el
4 items, or 3 when the general healﬂ: assessment s

1]

omitted. _ .
Subscales. None.

Populations. Developmental/target, P"atzents
with rheumatcnd arthiritis. i

Other uses. Not va_hdated for other theumatic ,
d1501ders

WHO ICF Components. Body function, Body
stracture, Impairment.

Administration

Method. Clinical assessment of joint counts and
drawing a biood sample for ESR or CRP.

Training. Training is necessary for reliable
assessment of joint counts. .

SN ;
Time to complete, Allow 3-5 minutes for 28 {\ \

joint caunts. You should include an hour waiting
time for ESR result.

Equipment needed. Laboratory for ESR or CRP
determination. To calculate the DASZSE, a
programmed calculator or computer, or & somputer
with an internet connection is needed.

AVaJIabﬂxty/cost The DAS is avallable free of
cha.rge at http://www.das-score.nl,

Scoring ..

Responsgs. Scale. The 28 tender joint count
(28TjC} and 28 swollen joint count (285]C) both
range from 0 to 28. ESR may range from 0 to 150,
Genera) Hezlth (GH) ranges from 0 to 100

Score, The range of the DAS28 is 0~9.4.

Interpretation of scores. The level of RA digease
activity can be interpreted as low {(DAS28 =3.2);
moderate (3.2 < DAS28 =5.1), or as high disease
activity (DAS28 >5.1} {4). A DAS28 <2.6
correspends with being in remission according to
the ARA. criteria, A change of 1.2 {2 times the
measurement error) in DAS28 is considered a
meaningful change (5) because changes that large
are unlikely to be the result of random
measurement error (P = 0.05). The EULAR
Tesponse criteria classify patlents as good,
~moderate, or non-responders, using the cliange in

* DAS28 and the level of DAS28 reached {4}, For

example, a patient must show a significant change
as well as low disease activity to be classified ag a -

- good responder.

Method of scoring. The DAS28 is most sasily
calculated using a programmed calculator or a
computer. Online and downloadable calculators
are free available at www.das-score.ni. The
following formulas are used {2):

DAS28-4 (four variables} = 0,56 X
sqrt(28TJC) + 0.28 X sqrt(288JC) + 0.70 X
In(ESR) + 0.014 X GH.

DAS28-3 (three variables) = (0.58 X

 sqrt(28TJC) + 0.28 X sgrt(288]C) + 0.70 X In(ESR))

x.1.08 + 0.18,

The trensformation formula to caiculaLe the
DAS28 from the DAS is DAS28 = (1.072 X *
DAS) + 0.84, [5).

Time to score. The calculation of the DAS28
takes 1 minute.
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Training to scoxe, None.
Training to mterpret None.

Norms avaJIahIe Reference values are available, -
and are alsd useful for the interpretation of the
disease activity scores from individual patients, see

“interpretation of scores.”

Psychometric Information

Reliability. Test-retest. Reproducibility of the
DAS was determired by an interperiod correlation
matrix of RA patients with =3 years follownp. The

‘measurement-remeasurement correlation wasr =

0.80, and the measurément error was 0.6. A
significant change in DAS or DAS28 for individual
patients was defined as 2 times the measurement
exror (2 X 0.8) = 1.2 {4,5). Changes that large are
unlikely the result of randem measurement error (P
= 0.05}

Validity. Content. The DAS28 includes
measures from the “core set” of measures used to
assess the efficacy of disease-modifying
antirheumatic drugs. The DASZ8 deliberately
excludes measures of disability or ]omt damage.

Criterion. There is no real “gold standard”
available to judge RA diseass activity, Therefore; in
the development of the DAS28, physician

- judgement of low and high disease activity was .

used as external standard (3). The DAS28 showed
& high predictive ability {pa = 0.88) in detecting a

flare of RA-disease activity (6).

Goneurrent: Of several composite indices, the
DAS28 had the highest correlatipns with assessor’s
(r > 0.80} and patient’s {r > 0.60) global |
assessment of disease activity (7). The DAS28
correlated well (r > 0.94) with the ongmal GAS

(2).

Construct. Cross-sectionally, the DAS28 was
well correlated fr = 0.4% and r = ~0.46) with
disability as measured with the Health Assessment
Questionnaire (HAQ) or the Short Form-36
Physical Functioning scale (8). Joinl damage may
be looked at as the result of the activity of the RA

.disease process over time, As expected, the BDAS28

was not strongly correlated {r < 0.20) with joint
damgage, in the cross-sectional sample (8). The tima
integrated DAS28 (2) was well related to ingrease
in joint damage over the same time pericd.

It was shown that the DAS-based EULAR
response criferia performed as well as (4,9) or
better {5,10] than the modified ACR or WHO/ILAR

response criteria in discriminating the stronger
treatment from contral treatment in RCTs. No
differences were found between ACR and EULAR
criteria when using full or reduced joint counts’
{11). It was shown that the EULAR response
criteria using the DAS28 ‘were clearly related to
change in disability and progression of joint

.- damage (11} and perform as well as or better than

the ACR response criteria.

Responsiveness to change. In a trial where flares
of disease activity ocewrred, the standardized effect
size {SES: difference of within-group changes
divided by the pocled SD of change) of the DAS28
was 1.56, which was higher than its components
(SES,< 1.18) or the HAQ (SES = 1.16), but lower

E@g patisnt assessed pain (SES = 1.67) (6).
- .
Comments and Critique
The DAS, DAS28, and the EULAR response
. ériteria are extensively validated and are finding
" increasing use in RA clinical trials and for the
monttoring of individual RA patierits.’

In the literature, there are several formulas
available for calgulation of thé DAS28 and the
DAS, which may cause confusion (12,13). Values -
of the BDAS28 and DAS are nit dizectly
comparable, but a hansformanon formula has to be
used.

The joint cournts of the DASZB do not melude
the feet, which joints may be ainong the first
involved in early RA. Neverthieless, the
perfexmance of the DAS28 and:the DAS is
comparable in sarly RA.

The DAS28 can be used as a gLude in the
suppression of RA disease activity with disease-
modifying antirheumatic drugs. However, it must
be noticed that even firm suppression of disease
activity may not be suificient to totally stop the
progression, of joint damage. Furthermore, even .
when the DAS28 is a useful guide for treatment
‘decisions, it does not replace careful patient
examinaticn and inquiry.

A practical advantage of the DAS28 is that
reduced joint counts ere used, but a blood sample
still has to be analyzed. Self-assessment of RA
disease activity by the patient may be less
laborious for the physician. However, patient

assessed disease activity may proxy but not -

automatically replace the DASZ8 (13).
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