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ABSTRACT
Background The Disease Activity Index for Psoriatic
Arthritis (DAPSA) is a valid and discriminative tool.
Definitions of disease activity states and therapeutic
response are still missing. We derived such criteria for
the DAPSA.
Methods We retrieved 30 patient profiles from an
observational database including joint counts, patient
pain and global activity ratings and C-reactive protein
(CRP) and carried out a survey among experts to classify
patients into remission (REM), low (LDA), moderate
(MDA) or high (HDA) disease activity. Based on the
distributions of DAPSA in each of these expert-assigned
states we defined the cutpoints between groups. We
performed similar analyses evaluating a clinical score
(cDAPSA), omitting CRP. To define minor, moderate and
major treatment response, we used Cohen’s Kappa
statistics and analysed agreement of DAPSA percentage
change with ACR20/50/70-response in three randomised
controlled trials.
Results Our survey yielded a response rate of 75%
(n=33). Mean DAPSA differed significantly between
patients classified as REM, LDA, MDA or HDA
(p<0.001). Based on the distributions of DAPSA in
these groups, we propose cut-off values of ≤4 for REM,
>4 and ≤14 for LDA, >14 and ≤28 for MDA and >28
for HDA. We observed best agreement with ACR20/50/
70-response at DAPSA changes of 50/75/85%, reflecting
minor, moderate and major improvement.
Conclusions The DAPSA constitutes a disease-specific,
validated and feasible tool for PsA assessment. In this
study, we provide criteria for disease activity states and
treatment response. They are based on an international
expert survey, and show good performance in clinical
trials and observational data.

INTRODUCTION
Assessment of disease activity in psoriatic arthritis
(PsA) is instrumental to following therapeutic
response in clinical practice and clinical trials.
Many scores used in PsA, such as the Disease
Activity Score using 28 joint counts (DAS28), have
been originally developed for patients with
rheumatoid arthritis (RA).1 Although the DAS28
may be valid also in patients with PsA,2–5 the 28
joint count does not necessarily capture all joints
commonly affected in PsA, including distal inter-
phalangeal joints (DIPs) of the hand and joints of
the ankle and foot. Therefore, it may not be accur-
ate and lack the sensitivity to change in patients

with PsA presenting with joint patterns that are not
polyarticular or RA like.6

Among available response scores, the American
College for Rheumatology (ACR) criteria7 are fre-
quently used in PsA trials. Similarly to the
European League against Rheumatism (EULAR) cri-
teria8 that are based on DAS28 improvement, they
were originally developed for RA, and later trans-
ferred to PsA.2–5 The disease-specific Psoriatic
Arthritis Response Criteria (PsARC)9 include 66/68
swollen and tender joint counts as well as evaluator
global assessment and patient global assessment
(PtGA), both on a 0–5 Likert rating scale.
However, limitations of the PsARC include the lack
of consideration of acute-phase reactants or pain, a
predominant symptom in many patients with
PsA.10 PsARC performed worse than EULAR
response criteria and ACR20 in subanalyses of trial
data,2 a fact that further suggests the necessity of
new disease-specific response criteria.
In a principal component analysis that evaluated

disease activity measures for PsA,11 the following
components were identified that characterised
disease activity best: patient pain assessment (PP)
and PtGA; joint involvement assessed with 66
swollen and 68 tender joint counts (SJC66,
TJC68); and, lastly, serum acute-phase response,
represented best by C-reactive protein (CRP). Four
of these variables (with the exception of CRP) were
also promoted to be key outcomes in publications
of the Outcome Measures in Rheumatology group
(OMERACT).3 12 13 The Disease Activity Index for
Psoriatic Arthritis (DAPSA) encompasses exactly
these parameters; it is based on the summation of
five variables: tender and swollen joints (TJC68,
SJC66), PtGA and PP on a 10 cm visual analogue
scale (VAS), as well as CRP. The DAPSA score was
originally developed for reactive arthritis,14

another seronegative spondylarthropathy with a
mostly oligoarticular joint pattern that also affects
the DIPs. It has been validated for use in PsA,
where it showed correlational, discriminatory and
criterion validity; furthermore, it was sensitive to
change in trial and observational data alike.15 In a
recently published study, it also showed good cor-
relation with ultrasound-assessed synovitis.16 The
major limitation of the DAPSA for its use in trials
and clinical practice to date was the lack of defini-
tions of disease activity states and of established
response criteria. In the present study, we have
addressed these deficiencies and derived criteria for
both disease activity states and treatment response.
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METHODS
Survey on the assessment of disease activity states
We extracted 30 patient profiles from an observational dataset.
In the selection process of these profiles, we aimed at represent-
ing a broad range of disease activity as well as different constitu-
tions of the components for similar DAPSA scores. In
November 2014, we performed an email-based survey among
44 international rheumatology experts. We asked them to clas-
sify the disease activity state of each patient based on their
SJC66 and TJC68, patient global activity and pain ratings on
VAS, and CRP values. We compared the collected ratings of this
expert panel and used Kruskal–Wallis test to analyse differences
between group means of DAPSA among patients classified as
remission (REM), low disease activity (LDA), moderate disease
activity (MDA) and high disease activity (HDA) in the expert
rating.

We then adjudicated each patient a disease activity state based
on the expert ratings. To take into account all individual opi-
nions, we included all patients who had been assigned to a par-
ticular disease activity state by at least one of the experts in the
main analysis. For example, for the analysis of REM, all patient
profiles (and their DAPSA scores) which were found to reflect a
state of REM by one or more rheumatologists were included.
Thus, some patients were analysed in more than one disease
activity state.

From the data of all patients assigned to a specific disease
activity category, we analysed the distributions of DAPSA within
each state by calculating the respective 25th and 75th percentiles
of DAPSA. These were then used to define the DAPSA thresh-
olds between REM, LDA, MDA and HDA. Thus, two values
were available for each cutpoint of interest. We reconciled
numerical differences between the 75th percentile of the lower,
and the 25th percentile of the adjacent higher disease activity
state, where necessary, by calculating their mean.

In a sensitivity analysis, we modified the adjudication process
and assigned patient profiles to a particular disease activity state
only if a majority (>50%) of experts had assigned that state.

In a next step, we also derived cutpoints for a clinical version
of the DAPSA (cDAPSA) that incorporates joint counts, PP and
PtGA, but excludes CRP, in analogy to the development of the
Clinical Disease Activity Index (CDAI) out of the Simplified
Disease Activity Index (SDAI) in RA,17 where serological inflam-
mation markers were omitted to attain a fully clinical score.

Derivation of cutpoints for response levels
We analysed patient-level data of three large randomised con-
trolled clinical trials (RCTs): the ADEPT,18 IMPACT4 5 and
GO-REVEAL19 studies. In these RCTs, the effectiveness of
tumour necrosis factor inhibitors (TNFi), namely adalimumab
(ADA),18 infliximab (IFX)4 5 and golimumab (GOL),19 had been
investigated in patients with PsA with prior non-response to
DMARDs or non-steroidal anti-inflammatory drugs.

In analyses of the ADEPT trial data, we used Cohen’s Kappa
statistics to identify the level of best agreement between ACR
response and DAPSA change after 3 and 6 months, in analogy
to the definition of response criteria for RA.20 The percentage
change of DAPSA that showed highest agreement with ACR20
was defined as ‘DAPSA minor response’. Similarly, the percent-
age change of DAPSA agreeing best with ACR50 and ACR70
were defined as ‘DAPSA moderate-’ and ‘DAPSA major
response’, respectively.

We assessed discriminative validity by performing χ2 tests
between response rates of active drug versus comparator arm in
the trial, for each of the derived response levels (minor,

moderate and major). As a next step, we carried out the analo-
gous calculations using data of the IMPACT and GO-REVEAL
datasets to validate the newly derived cutpoints. Additionally,
we used an observational outpatient dataset to analyse DAPSA
response during follow-up to further substantiate our results for
use in clinical practice.

RESULTS
Definition of DAPSA disease activity states
The response rate of our survey was 75% (n=33). Among the
responding international experts, 97% described their work
place as ‘primarily hospital based’, and 86% stated to be practis-
ing for more than 10 years. The characteristics of the 30
patients used for the evaluation of disease activity states repre-
sented a broad spectrum of disease activity. As expected, no
patient was adjudicated to only one disease activity state by all
experts. Table 1 lists disease activity variables of all patients and
specifies their medians and ranges within the disease activity
states as categorised by experts; the details of all ratings are
shown in online supplementary table S1 and the detailed patient
characteristics are shown in online supplementary table S1 and
figure S1.

The expert-based adjudications to REM, LDA, MDA or HDA
were used to derive DAPSA cutpoints for the four disease activ-
ity states. Initial Kruskal–Wallis testing of mean DAPSA values
showed significant differences across the different disease activ-
ity states (p<0.001, figure 1). Based on the 25th and 75th per-
centiles of DAPSA values in each expert-assigned disease activity
state, we then derived thresholds for REM, LDA, MDA and
HDA. We calculated arithmetic means, if the numerical thresh-
olds, that is, the respective 25th and 75th DAPSA percentiles of
two adjacent disease activity states, did not result in the exact
same numbers—this was the case between REM and LDA (75th
REM-percentile: 4.2 and 25th LDA-percentile: 4.1), as well as
between LDA and MDA (75th percentile of LDA: 12.7 and
25th percentile of MDA: 14.7). This procedure resulted in the
following preliminary cutpoints: for REM, DAPSA ≤4.2
(rounded mean of 75th percentile of the REM group of 4.2
and 25th LDA percentile of 4.1); for LDA, >4.2 and ≤13.7
(mean of 75th LDA percentile of 12.7 and 25th MDA percentile
of 14.7); for MDA, >13.7 and ≤28.3; for HDA, >28.3. For
ease of use, and in analogy of the development of other
indices,21 we propose to set thresholds at the rounded values
of 4, 14 and 28.

We then performed a sensitivity analysis by using a majority
rating approach: we classified patients the way they had been
adjudicated by a majority (>50%) of experts: All patients were
assigned to one disease activity state by this majority definition:
that way, 8 (26.7%) patients were classified as REM, 12 (40%)
as LDA, 5 (16.7%) as MDA and 5 (16.7%) as HDA. In 24 of
the 30 patients, this majority classification was in line with the
classification achieved by use of DAPSA quartiles, as described
above. In six patients, the two approaches led to different classi-
fications: two patients in REM according to the derived cut-
point were categorised as LDA by majority rating, two patients
in LDA as REM, one patient in MDA as LDA and one patient
in HDA would have been rated as LDA by a majority and as
MDA or HDA by the remainder (table 1 and see online
supplementary table S1). Importantly, the medians and IQRs of
the majority rating led to very similar cutpoints between the
disease activity states (data not shown) with the exception of the
cutpoint between low and moderate disease activity, which
amounted to 16 rather than 14. Thus, the previously described
inclusive analysis in which no expert opinion was neglected by
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deriving cutpoints from 25th/75th percentiles was essentially
validated by the sensitivity analysis using experts’ majority
opinions.

For the clinical DAPSA, which omits CRP, Kruskal–Wallis
testing was significant as well (p<0.001), and thresholds
between REM, LDA, MDA and HDA were 3.9, 13.6 and 27.6.
Similar to the full DAPSA, we rounded cutpoints (arbitrarily
rounding the two upper ones down) and propose to use 4, 13
and 27 for the differentiation of disease activity states based on
clinical parameters only. Results are displayed in figure 1.

Definition of DAPSA response levels
For the main analysis, we used the ADEPT dataset to evaluate
relevant DAPSA treatment response levels at follow-up. By asses-
sing peak values of Cohen’s Kappa agreement (κ) we detected
the highest agreement between DAPSA percentage response and
ACR20/50/70 after 3 months follow-up at 55% (κ 0.56), 74%
(κ 0.63) and 84% (κ 0.66) DAPSA relative change. After
6 months, the respective DAPSA response levels were 39%
(κ 0.43), 78% (κ 0.64) and 90% (κ 0.67). We carried out analo-
gous analyses with two different datasets from the IMPACT and
the GO-REVEAL trials and found similar results. Figure 2 dis-
plays the group-wise analyses of patients in TNFi-arms of all
three trials. We then performed subgroup analyses in patients
who had MDA (n=85; 20.5%) or HDA (n=320; 77.3%) at
baseline. The results showed that there were no major differ-
ences and that the cutpoints derived from the complete cohort
were applicable to patients irrespective of their baseline disease
activity levels (figure 3). Furthermore, the cutpoints were applic-
able to response at 3 and 6 months after treatment initiation.
We performed similar analyses to derive response levels for
cDAPSA and provide these results as online supplementary
figure S2.

In synopsis of all analyses, and after rounding to full integers,
we propose the following cutpoints for the definition of DAPSA
response: minor response, 50% change in DAPSA; moderate
response, 75% change; major response, 85% change. In online
supplementary table S2, we compiled an overview of the per-
centages of patients included in the ADEPT, IMPACT and
GO-REVEAL studies who achieved DAPSA50/75/85 response
and who would also classify as PsARC, EULAR or ACR20/50/
70 response and /or who would achieve DAS SDAI, CDAI or
Boolean REM.

Discriminant validity of established response levels
χ2 testing for response in the active versus the placebo groups of
clinical trials resulted in p values of <0.001 for 50% DAPSA
response (χ parameter: 72.3), p<0.001 for 75% response
(χ: 44.8) and p<0.01 for 85% response (χ: 21.4) after
3 months, and p<0.001 for 50% (χ: 39.8), p<0.01 for 75%
(χ: 25.5) and p<0.01 for 85% (χ: 20.2) after 6 months,

Table 1 Disease activity parameters of 30 patients presented in our survey

All patients
(n=30)

REM: Patients adjudicated
to REM state (n=21)

LDA: Patients adjudicated
to LDA state (n=27)

MDA: Patients adjudicated
to MDA state (n=17)

HDA: Patients adjudicated
to HDA state (n=10)

Swollen joint count (SJC66) 1 (0/4)§ 0 (0/0)§ 1.0 (0/2.0)§ 4 (2/5)§ 7 (5/9)§

0–14* 0–14* 0–7* 0–14* 1–14*

Tender joint count (TJC68) 2 (0/8)§ 0 (0/1)§ 1 (0/3)§ 8 (5/9)§ 12 (8/15)§

0–23* 0–23* 0–23* 0–23* 7–23*

Patient pain (PP; VAS) 28 (7/47)§ 4 (0/19)§ 27 (7/36)§ 47 (34/51)§ 60 (28/81)§

0–94* 0–47* 0–81* 2–81* 13–94*

Patient global assessment
(PtGA; VAS)

32 (7/63)§ 7 (5/17)§ 21 (7/36)§ 62 (32/67)§ 75 (54/80)§

0–100* 0–70* 0–100* 5–100* 47–100*

C-reactive protein
(CRP; mg/dL)

0.35 (0.17/0.7)§ 0.30 (0.17/0.82)§ 0.37 (0.18/0.60)§ 0.27 (0.10/0.35)§ 0.37 (0.35/0.99)§

0.08–5.88* 0.08–5.88* 0.08–5.88* 0.08–5.88* 0.17–5.54*

Psoriatic arthritis disease
activity score (DAPSA)

10.1 (3.8/23.7)§ 2.7 (1.8/4.2)§ 9.6 (4.1/12.7)§ 22.3 (14.7/28.3)§ 36.5 (28.3/41.4)§

1.0–45.6* 1.0–45.6* 1.8–36.5* 4.1–45.6* 21.3–45.6*

Clinical DAPSA (cDAPSA) 8.8 (3.4/23.4)§ 2.3 (1.0/4.0)§ 6.7 (3.7/12.6)§ 22.0 (14.6/27.6)§ 33.3 (27.6/40.4)§

0.7–45.2* 0.7–45.2* 1.0–36.3* 3.7–45.2* 20.9–45.2*

Column ‘All patients’ specifies group-wise description of 30 patients. In Columns ‘REM’, ‘LDA’, ‘MDA’ and ‘HDA’, we present medians, 25th/75th percentiles (§) and total range
(minimum–maximum)* of patients classified to this state by expert rating. Note, that in the REM, LDA, MDA and HDA columns multiple observations of identical patients are included, if
expert ratings for a specific patient diverged. VAS (0–100 mm); §median (and 25th/75th percentiles); *total range (minimum–maximum).
DAPSA, Disease Activity Index for Psoriatic Arthritis; HDA, high disease activity; LDA, low disease activity; MDA, moderate disease activity; REM, remission; VAS, Visual Analogue Scale.

Figure 1 Definition of DAPSA disease activity states; survey results:
x-axis shows the experts’ classification of disease activity, y-axis shows
mean DAPSA. Horizontal thresholds at DAPSA 4, 14 and 28 are
indicated. Box-plots display median and 25th and 75th percentiles of
the full DAPSA (dark green) and the clinical cDAPSA, excluding CRP
(light green); Medians of DAPSA (and cDAPSA) in the different states
were as follows: REM, 2.7 (2.3); LDA, 9.6 (6.7); MDA, 22.3 (22.0) and
HDA, 36.5 (33.3). ***p<0.001 in Kruskal–Wallis test. CRP, C-reactive
protein; DAPSA, Disease Activity Index for Psoriatic Arthritis; HDA, high
disease activity; LDA, low disease activity; MDA, moderate disease
activity; REM, remission.
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indicating high discriminative validity. Figure 4 displays pooled
results of χ2 tests. Detailed χ2 values of ACR, PsARC, EULAR
and DAPSA response rates are presented for the ADEPT trial, as
an example, in online supplementary table S3 and reveal that
DAPSA response rates led to higher χ2 values than the other
instruments, suggesting (but not proving) a potentially higher
discriminatory capacity.

Validation analyses
As delineated earlier, we used data of GO-REVEAL and
IMPACT, and carried out χ2 analysis to validate the data
obtained from the ADEPT trial. For additional cross-validation
of our results, we also used a small observational dataset of
patients with PsA that were followed for two (n=32) or three
visits (n=26). Table 2 shows their baseline and follow-up
characteristics. Their mean (SD) age and disease duration was
59 (11) and 10 (6) years, and 64% of them were women.

Mean (SD) visit intervals were 13.2 (4.4) weeks between
baseline and visit 2, and 12.5 (3.9) weeks between visit 2 and
visit 3. According to the derived cutpoints, 41.7%, 30.6%,
25% and 2.8% of patients were in HDA, MDA, LDA and
REM at baseline, respectively. Mean (SD) values of DAPSA
during follow-up: 24.8 (18.7) at baseline, 17.5 (11.6) at visit 2
and 14.4 (14.1) at visit 3. In paired t tests, comparisons
between mean DAPSA at baseline and visit 2 were close to
being statistically significant (p=0.056), with a standardised
response mean (SRM) of 0.50. The difference between base-
line and visit 3 (after a mean follow-up of 23.6 weeks) was
statistically significant (p=0.019; SRM 0.55). When looking at
disease activity states in the course of therapies provided in
clinical trials, there was an increase of DAPSA REM rates and
a dramatic decrease of HDA states with active therapy, but
only little changes with placebo (see online supplementary
table S4).

Figure 2 Definition of response levels; Cohen’s Kappa analysis. Agreement of DAPSA percentage change (x-axis) with ACR20% (blue lines),
ACR50% (red lines), ACR70% (green lines) and PsARC (brown lines). Upper panels show response after 3 months, lower panels: response after
6 months. Left panels display analyses of separate trials: ADEPT (patients on adalimumab, N=127), GO-REVEAL (patients on golimumab, N=255)
and IMPACT (patients on infliximab; N=43). Right panels show pooled results of all treatment groups in three trials (N=425). Placebo groups were
excluded in all analyses. X-axis: relative change of DAPSA from baseline in percentage; y-axis: Cohen’s Kappa in comparison with the respective
comparator. The table specifies the respective peak agreement between percentage DAPSA change from baseline (% change) on the one hand, and
ACR20/50/70, or PsARC on the other. κ, Cohen’s Kappa; BL, baseline; DAPSA, Disease Activity Index for Psoriatic Arthritis; PsARC, Psoriatic Arthritis
Response Criteria.

814 Schoels MM, et al. Ann Rheum Dis 2016;75:811–818. doi:10.1136/annrheumdis-2015-207507

Clinical and epidemiological research
 on M

ay 19, 2023 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/annrheum

dis-2015-207507 on 12 A
ugust 2015. D

ow
nloaded from

 

http://ard.bmj.com/


DISCUSSION
PsA evaluation and the development of meaningful outcomes
and composite scores that reflect overall disease activity is chal-
lenging due to the diversity of clinical presentations. While per-
ipheral joint affection is highly variable, there is also the
possibility of spinal and entheseal involvement.6 Therefore,
even when excluding skin affections, the assessment of musculo-
skeletal problems in these patients poses some difficulties.
However, given the relatively low frequency of entheseal
involvement and the availability of separate tools for both
entheseal and spinal involvement, it seems reasonable to focus
on joint activity and systemic levels of inflammation. Patient and
physician global scales include the ‘general impact of disease’
and will therefore inherently also consider, to some extent,
these other musculoskeletal manifestations.

Among available scores, DAS28 and DAPSA focus on the
assessment of peripheral joint activity, whereas other

compound scores implement additional disease manifestations.
The Psoriatic Arthritis Disease Activity Score22 covers physician
and patient global VAS assessment and the physical component
score of the Medical Outcomes Survey-Short Form-36 (SF-36),
in addition to 66/68 joint counts, enthesitis, dactylitis and
CRP.

The Composite Psoriatic Disease Activity Index (CPDAI)23

includes—among others—dactylitis, physical function, enthesi-
tis, axial disease (Bath Ankylosing Spondylitis Disease Activity
Index)24 and Ankylosing Spondylitis Quality of Life25 in one
score. Furthermore, it incorporates skin affection and its effect
on quality of life. Interestingly, the CPDAI failed to discrimin-
ate between patients with sonographic synovitis and those
without.16 Moreover, given the fact that therapies may have
different efficacy for different disease manifestations,26 a
highly inclusive score may potentially decrease responsiveness
and discriminatory capacity for drugs that may show excellent

Figure 3 Response criteria: Subgroup analysis by baseline disease activity state. Comparison of patients who had moderate versus HDA at baseline
(pooled analysis of treatment groups in ADEPT, IMPACT and GO-REVEAL; N=405). Left panels: patients with moderate disease activity (MDA) at
baseline; right panels: patients with HDA at baseline. Upper panels show response after 3 months follow-up, lower panels show response after
6 months follow-up: kappa agreement between DAPSA and ACR20% (blue lines), ACR50% (red lines), ACR70% (green lines) and PsARC (brown lines).
X-axis: relative change of DAPSA from baseline in per cent; y-axis: Cohen’s Kappa. The table specifies the respective peak agreement between per cent
DAPSA change from baseline (% change) on the one hand and ACR20/50/70, or PsARC on the other. κ, Cohen’s Kappa; BL, baseline; DAPSA, Disease
Activity Index for Psoriatic Arthritis; HAD, high disease activity; MDA, moderate disease activity; PsARC, Psoriatic Arthritis Response Criteria.
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effects for one but not other manifestations. Importantly, the
DAPSA has recently also been shown to perform very well
with respect to discriminative and construct validity when

compared with other measures of PsA that include or do not
include other disease aspects.27 For these reasons we have
developed a composite instrument that focuses on peripheral
joint involvement—other existing and well-validated measures
should be employed to capture additional disease manifesta-
tions, which may also be highly relevant for the overall disease
assessment as well as patients’ perception of the disease in
general and the response of other than joint manifestations to
therapy.

In this study, we provide important metrics for the DAPSA to
enable its effective use in clinical practice. Based on expert
survey analyses and data from clinical trials and routine practice,
we derived thresholds for DAPSA disease activity categories as
well as definitions of minor, moderate and major DAPSA
response. We employed two methods to derive our results, one
that included the opinion of all experts on all patients (with
some patients being therefore rated in more than just one
disease activity category), and another, more common one, that
employed majority opinions on disease activity states of individ-
ual patients (thus assigning every patient just one activity cat-
egory); both these methods arrived at very similar results.
According to these analyses, the states of REM, LDA, MDA and
HDA can be effectively separated by DAPSA cutpoints of 4, 14
and 28.

Similar to previous analyses in RA, where the CDAI as a
modification of the SDAI has been derived by the exclusion of
CRP,17 we took an analogous approach to specify a cDAPSA.
The calculated thresholds for the cDAPSA were very similar to
those found for the (full) DAPSA; nevertheless, we suggest
decreasing the cutpoint for MDA and HDA by one point com-
pared with the DAPSA, to account for the putative higher levels
of CRP in patients with these levels of disease activity. The
cDAPSA allows immediate use in patients without the need for
serum analyses and there is no delay in therapeutic decision-
making. However, it is important to mention that the relevance
of systemic inflammation markers, such as CRP, as well as the
axial and entheseal affections is not by any means discounted by
using the cDAPSA or the DAPSA, but that a special assessment

Figure 4 Discriminant validity of cutpoints in χ2 analysis. χ2 for each DAPSA cutpoint as a measure of strength of discrimination between
response in treatment and placebo arms (pooled analyses of ADEPT, GO-REVEAL and IMPACT). X-axis displays DAPSA percentage change from
baseline. Y-axis indicates p values of χ2 analyses. Vertical lines indicate newly established cutpoints at DAPSA thresholds of 50/75/85 percentage
change from baseline: Results of χ2 tests (green numbers) for our suggested thresholds were 72.3 (p<0.001) for a DAPSA change of 50%, 44.8
(p<0.001) for 75%, and 21.4 (p<0.01) for 85% after 3 months, and 39.8 (p<0.001) for 50%, 25.5 (p<0.01) for 75% and 20.2 (p<0.01) for 85%
after 6 months; corresponding p values: see y-axis. BL, baseline; DAPSA, Disease Activity Index for Psoriatic Arthritis.

Table 2 Patient characteristics at baseline and follow-up in the
observational database

Baseline
(n=32)

Visit 2
(n=32)

Visit 3
(n=26)

Age (years) 59.0 (11.2)

Disease duration (years) 9.9 (5.7)

Female (%) 63.9

Timing after baseline visit
(months)

0 3.0 (1.0) 5.9 (1.4)

Swollen joint count (SJC28) 1.92 (2.2) 1.08 (1.3) 0.97 (2.1)

Tender joint count (TJC28) 5.97 (7.5) 3.94 (5.5) 3.22 (4.6)

Swollen joint count (SJC66) 2.75 (2.9) 1.78 (2.1) 1.40 (2.6)

Tender joint count (TJC68) 11.06 (14.0) 6.31 (8.2) 6.00 (8.6)

Patient pain rating (PP; VAS) 49.39 (30.8) 39.75 (25.11) 32.47 (26.2)

Patient global assessment
(PtGA; VAS)

51.36 (28.9) 42.92 (27.0) 31.38 (26.1)

C-reactive protein (CRP; mg/dL) 0.96 (1.3) 0.74 (1.1) 0.48 (0.5)

Evaluator global assessment
(EGA; VAS)

13.47 (13.7) 10.97 (13.1) 7.72 (13.9)

Health assessment
questionnaire (HAQ)

0.82 (0.7) 0.74 (0.7) 0.59 (0.6)

Simplified Disease Activity
Index (SDAI)

15.33 (10.6) 11.15 (7.7) 8.79 (9.1)

Clinical Disease Activity Index
(CDAI)

14.37 (10.6) 10.42 (7.8) 8.10 (8.7)

DAS28 (CRP) 3.76 (1.3) 3.20 (1.1) 2.79 (1.1)

Psoriatic Arthritis Disease
Activity Score (DAPSA)

24.84 (18.7) 17.54 (11.6) 14.37 (14.1)

Clinical DAPSA (cDAPSA) 23.88 (18.6) 16.75 (11.8) 13.74 (13.5)

Numbers are means (and SD) if not specified otherwise.
DAPSA, Disease Activity Index for Psoriatic Arthritis; VAS, Visual Analogue Scale.
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and longitudinal follow-up of these disease manifestations
should be done in every patient.

The minor, moderate and major response of DAPSA was set
at 50%, 75% and 85%. These thresholds were relatively consist-
ent for patients starting treatment in HDA or MDA, and proved
to be useful 3 or 6 months after treatment initiation, alike. In
explorative analyses, we also evaluated a ‘minimal response’ cut-
point at a DAPSA relative change of 35% from baseline. This
threshold would correspond to the PsARC response (data not
shown). However, we refrained from formally defining this add-
itional cutpoint to the core set of response measures to conform
with the commonly accepted three-level assessment as defined
in the ACR response scheme. It should be borne in mind that
response criteria permit only a relative assessment of change
from baseline and, therefore, are primarily useful in clinical
trials, but less so in clinical practice where reaching a particular
state appears to be the main focus. Indeed, it has been shown at
least in RA that physical function and radiographic outcome are
rather related to disease activity states reached than to response
levels.28 29 However, with 85% improvement from baseline, as
is requested for a DAPSA major response, patients will most
likely achieve at least LDA.

In the decision process for the currently suggested cutpoints,
we made an effort to find a balance between the exact numerical
outcomes of our analyses on the one hand and clinical practic-
ability on the other hand. We believe that the actual use of com-
posite disease activity measures and response criteria in daily
practice is highly dependent on their feasibility. The newly
defined thresholds can be calculated easily in every patient even
in clinical settings with limited time resources. This will hope-
fully enable widespread use of the tool in clinical decision-
making and timely change of therapy, where needed.

The main strength of our analyses lies in the accessibility of a
large dataset derived from three RCTs that allowed validation of
the cutpoints and response levels. A limitation is the low patient
number in the observational dataset. However, the observational
analyses served mainly as cross-validation of prior analyses to
prove the usefulness of the DAPSA score also in real-life
patients. As such, it showed responsiveness and validity also in
this small set of patients. Certainly, use and validation in
large-scale observational PsA data should be encouraged.
Furthermore, it would be of interest to compare the perform-
ance of DAPSA with scores used in axial disease, such as the
ASDAS. Lastly, there is need for further research on possible
influence of entheseal involvement on the DAPSA beyond the
mere peripheral arthritis components. We were not able to
tackle these questions with the dataset available to us.

In summary, the DAPSA constitutes a validated and easy to
calculate compound measure that is derivable by simple numer-
ical summation and allows quantification of disease activity.
With the data provided here, we enable the definition of treat-
ment targets, such as REM or LDA for a treat-to-target
approach, as well as the definition of inclusion criteria for clin-
ical trials for patients in MDA and HDA. The new response
levels will help assess treatment in many settings.
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Supplementary Figures 
Figure S1. DAPSA distribution of 30 patients selected for survey. Each red dot represents 

one patient; x-axis displays DAPSA values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S2. Definition of response levels for the clinical DAPSA (cDAPSA); Cohen’s Kappa 
analysis. Agreement of cDAPSA percent change (x-axis) with ACR 20% (blue lines), ACR 50% 
(red lines), ACR 70% (green lines) and PsARC (brown lines) Upper panels show response after 
3 months, lower panels: response after 6 months. Left panels display analyses of separate 
trials: ADEPT, GO-REVEAL and IMPACT. Right panels show pooled results of all treatment 
groups in three trials (N=425). Placebo groups were excluded in all analyses. X-axis: relative 
change of cDAPSA from baseline in percent; y-axis: Cohen’s Kappa in comparison with the 
respective comparator. The table specifies the respective peak agreement between percent 
cDAPSA change from baseline (% change) on the one hand, and ACR20/50/70, or PsARC on 
the other; κ=Cohen’s Kappa; BL=baseline. (Addendum to Figure 2 in main manuscript) 

 

 

 

 

 



Figure S3. Discriminant validity of cutpoints in Chi-square analysis: separate analyses of 
ADEPT, IMPACT and GO-REVEAL. (Addendum to Figure 4 in main manuscript). Chi-square 
tests for each DAPSA cutpoint as a measure of strength of discrimination between response 
in treatment and placebo arms. X-axis displays DAPSA percent change from baseline. Panels 
show analyses of ADEPT (upper panels), IMPACT (middle) and GO-REVEAL (lower panels). Y-
axis indicates p values of Chi-square analyses. Vertical lines indicate newly established 
cutpoints at DAPSA thresholds of 50/75/85 percent change from baseline: results of Chi-
square tests for the derived thresholds for a DAPSA change of 50%, 75%, and 85% after 3 
months, and after 6 months are specified (green numbers); y-axis shows corresponding p-
values; BL=baseline. 

 

 



Figure S4. ROC analyses of DAPSA relative change in relation to the corresponding ACR-

response definition. Area under the curve in receiver operating curves (ROC) analyses 

comparing DAPSA relative change after 6 months with ACR20 (left panel), ACR50 (middle 

panel), ACR70 (right panel). X-axis shows the rate of false positives (=1-specifity), y-axis 

shows true positive rate (sensitivity). 

 

 



Supplementary Table S1. 
 

Patient 
ID 

SJC 
66 

TJC 
68 

CRP PP PtGA DAPSA cDAPSA 
Expert classification (% of experts) 

Majority 
rating 

Percentile 
rating REM LDA MDA HDA 

1 14 23 0.37 28 54 45.57 45.20 3.2 - 9.7 87.1 HDA 

HDA 

2 4 11 5.54 80 80 36.54 31.00 - 3.3 33.3 63.3 HDA 

3 5 7 0.70 81 75 28.30 27.60 - 6.5 41.9 51.6 HDA 

4 7 15 0.17 46 67 33.47 33.30 - 3.4 41.4 55.2 HDA 

5 9 12 0.99 94 100 41.39 40.40 - - - 100 HDA 

6 1 23 0.17 60 63 36.47 36.30 - 55.2 37.9 6.9 LDA 

7 4 5 0.08 42 14 14.68 14.60 3.2 25.8 71.0 - MDA 

MDA 

8 5 8 0.35 13 66 21.25 20.90 3.2 9.7 61.3 25.8 MDA 

9 6 8 0.32 47 47 23.72 23.40 3.3 10.0 60.0 26.7 MDA 

10 2 9 0.27 48 62 22.27 22.00 - 38.7 58.1 3.2 MDA 

11 1 5 0.08 66 55 18.18 18.10 - 70.0 30.0 - LDA 

12 2 8 0.18 51 100 25.28 25.10 - 27.6 65.5 6.9 MDA 

13 0 0 0.11 25 70 9.61 9.50 56.7 40.0 3.3 - REM 

LDA 

14 0 0 1.97 35 46 10.07 8.10 23.3 73.3 3.3 - LDA 

15 0 2 0.60 19 15 6.00 5.40 25.8 74.2 - - LDA 

16 3 3 0.10 34 32 12.70 12.60 - 51.6 48.4 - LDA 

17 1 2 0.37 32 5 7.07 6.70 9.7 90.3 - - LDA 

18 2 1 0.57 9 21 6.57 6.00 3.4 79.3 17.2 - LDA 

19 2 1 0.39 2 5 4.09 3.70 10.0 83.3 6.7 - LDA 

20 0 1 0.17 25 5 4.17 4.00 75.9 24.1 - - REM 

21 1 2 0.41 36 32 10.21 9.80 10.7 89.3 - - LDA 

22 1 0 5.88 27 28 12.38 6.50 3.3 76.7 20.0 - LDA 

23 0 0 0.11 0 17 1.81 1.70 96.7 3.3 - - REM 
REM 

24 1 1 0.20 7 7 3.60 3.40 43.3 56.7 - - LDA 



25 0 0 1.74 4 6 2.74 1.00 73.3 26.7 - - REM 

26 0 0 0.30 0 23 2.60 2.30 92.9 7.1 - - REM 

27 1 0 0.34 7 7 2.74 2.40 34.5 65.5 - - LDA 

28 0 1 0.82 0 0 1.82 1.00 82.8 17.2 - - REM 

29 0 0 0.27 3 4 0.97 0.70 100 - - - REM 

30 0 1 1.02 6 12 3.82 2.80 60.7 39.3 - - REM 

Table S1. Individual disease activity parameters and compound scores of 30 patients in our survey, and the respective disease activity 

classification by experts in percent. Majority rating: Classification according to >50% of experts. Percentile rating: Classification according to 

percentiles (main analysis with 25th and 75th percentiles of DAPSA); ID=Patient Identification number; SJC66=swollen joint count; TJC68=tender 

joint count; CRP=C-reactive protein; PP=patient pain rating; PtGA=patient global assessment; DAPSA=disease activity for psoriatic arthritis; 

cDAPSA=clinical DAPSA; REM=remission; LDA=low disease activity; MDA=moderate disease activity; HDA =high disease activity. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Table S2. 
 

 F
U 

total 
n 

PsARC EULAR 
good 

EULAR 
moderate 

EULAR 
non 

ACR20 ACR50 ACR70 DAS 
REM 

SDAI 
REM 

CDAI 
REM 

Boolean 
REM 

  n % n % N % n % n % n % n % n % n % n % n % 

DAPSA 
50% 

3 213 186 90.3 161 75.6 48 22.5 4 1.9 154 72.3 109 51.2 56 26.3 126 59.2 56 26.8 53 25.4 50 23.5 

6 244 217 91.2 177 72.5 58 23.8 9 3.7 170 69.7 126 51.6 78 32.0 149 61.1 89 36.9 82 34.0 71 29.1 

DAPSA 
75% 

3 114 105 94.6 108 94.7 6 5.3 2 1.4 92 80.7 85 74.6 53 46.5 97 85.1 54 48.6 51 45.9 50 43.9 

6 138 132 99.2 129 93.5 7 5.1 1 1.1 107 77.5 99 71.7 72 52.2 115 83.3 83 61.5 77 57.0 68 49.3 

DAPSA 
85% 

3 67 63 96.9 63 94.0 4 6.0 1 1.8 53 79.1 53 79.1 43 64.2 62 92.5 44 67.7 43 66.2 45 67.2 

6 91 85 98.8 90 98.9 3 5.3 3 3.9 74 81.3 71 78.0 61 67.0 86 94.5 67 76.1 63 71.6 60 65.9 

DAPSA 
REM 

3 59 50 96.2 53 93.0 1 1.3 8 7.2 40 67.8 40 67.8 31 52.5 59 100 49 87.5 48 85.7 47 79.7 

6 77 69 98.6 72 94.7 13 11.7 6 5.2 56 72.7 54 70.1 47 61.0 77 100 68 91.9 64 86.5 62 80.5 

DAPSA 
LDA 

3 113 88 81.5 90 81.1 16 13.9 21 21.2 78 69.0 59 52.2 25 22.1 73 64.6 12 10.7 10 8.93 9 8.0 

6 117 101 90.2 93 80.9 46 46.5 19 18.8 79 67.5 56 47.9 29 24.8 75 64.1 25 21.4 22 18.8 12 10.3 

DAPSA 
MDA 

3 101 56 57.7 32 32.3 55 54.5 77 55.8 38 37.6 12 11.9 1 1.0 12 11.9 1 1.0 1 1.0 2 1.9 

6 104 54 52.9 27 26.7 59 42.8 61 53.5 42 40.4 16 15.4 3 2.9 14 13.5 1 1.0 - - - - 

DAPSA 
HDA 

3 141 46 33.1 2 1.4 51 44.7 - - 30 21.3 5 3.5 - - - - - - - - - - 

6 117 40 34.8 2 1.8 - - - - 27 23.1 5 4.3 - - - - - - - - - - 

 

 

 

Table S2. Patients who achieved DAPSA 50/75/85 response after 3 months and after 6 months follow-up (FU), who also classify as PsARC-
response, EULAR good or moderate response, ACR20/50/70 and / or DAS-, SDAI-, CDAI- and / or Boolean remission. Included are patients in 
ADEPT, IMPACT and GO-REVEAL (pooled results of patients in treatment arms); PsARC=Psoriatic Arthritis Response Criteria; DAS=Disease Activity 
Score using 28 joint counts; ACR20/50/70= American College for Rheumatology (ACR) Response Criteria; DAPSA=Disease Activity Index for 
Psoriatic Arthritis; REM=remission; LDA=low disease activity; MDA=moderate disease activity; HDA=high disease activity; FU=follow-up in months. 

 



Supplementary Table S3. 
 

Follow-up Response Criteria X2 p 

3 months 

ACR20 39.86 <0.0001 

ACR50 26.74 <0.0001 

ACR70 19.46 <0.0001 

DAPSA50 52.73 <0.0001 

DAPSA75 37.53 <0.0001 

DAPSA85 14.82 0.0001 

EULAR 20.15 <0.0001 

PsARC 37.07 <0.0001 

6 months 

ACR20 32.51 <0.0001 

ACR50 30.19 <0.0001 

ACR70 18.65 <0.0001 

DAPSA50 41.68 <0.0001 

DAPSA75 30.47 <0.0001 

DAPSA85 26.79 <0.0001 

EULAR 21.20 <0.0001 

PsARC 39.67 <0.0001 

 

 

Table S3. Chi-Square analysis of different response criteria for the comparison of adalimumab and placebo in the ADEPT trial. X=Chi; p=level of significance; 

ACR20/50/70=American College of Rheumatology response (borrowed from RA); DAPSA50/75/85=Disease Activity Index for PSoriatic Arthritis 50%, 75% and 

85% response; EULAR=EUropean League Against Rheumatism response criteria (borrowed from RA); PsARC=Psoriatic Arthritis Response Criteria. 

 

 

 



Supplementary Table S4. 
 

Trial Treatment 
Arm 

State Baseline 3 Months Follow-up 6 Months Follow-up 

n % n % n % 

A
D

E
P

T
 Adalimumab 

REM - - 21 17.1 30 23.8 

LDA 4 3.2 35 28.5 31 24.6 

MDA 28 22.2 27 22.0 30 23.8 

HDA 94 74.6 40 32.5 35 27.8 

Placebo 

REM - - 1 0.7 4 2.9 

LDA 4 3.0 14 10.3 13 9.6 

MDA 26 19.3 33 24.3 33 24.3 

HDA 105 77.8 88 64.7 86 63.2 

G
O

-R
E

V
E

A
L

 Golimumab 
100mg + 
Placebo 

REM - - 14 11.4 18 14.8 

LDA 4 3.3 36 29.3 42 34.4 

MDA 20 16.4 31 25.2 23 18.9 

HDA 98 80.3 42 34.2 39 32.0 

Golimumab 
50mg + 
Methotrexate 

REM - - 18 14.3 20 15.8 

LDA 1 0.8 30 23.8 31 24.4 

MDA 31 24.4 28 22.2 39 30.7 

HDA 95 74.8 50 39.7 37 29.1 

IM
P

A
C

T
 Infliximab 

REM - - 6 14.3 9 22.5 

LDA - - 13 31.0 13 32.5 

MDA 8 20.5 14 33.3 12 30.0 

HDA 31 79.5 9 21.4 6 15.0 

Placebo 

REM - - - - 6 16.2 

LDA - - 1 2.9 16 43.2 

MDA 8 24.2 6 17.7 9 24.3 

HDA 25 75.8 27 79.4 6 16.2 

 

Table S4. DAPSA disease activity states in the ADEPT, GO-REVEAL and IMPACT trials at baseline and after 3 and 6 months follow-up. Numbers of patients in 

each state (n) and percentage (%) are specified. REM=remission; LDA=low disease activity; MDA=moderate disease activity; HDA=high disease activity. 

 

 



New cut-offs for the DAPSA may aid disease activity scoring

The DAPSA is a disease-specific, validated and feasible tool for the assessment of psoriatic arthritis.

INTRODUCTION
Psoriatic arthritis is a chronic inflammatory disease that affects a person’s joints, causing pain and disability.
The disease often causes swelling of the fingers and toes. It gets its name from the link between this type of
arthritis and a skin condition called psoriasis, which causes redness and scaling.

Being able to measure disease activity in psoriatic arthritis allows doctors to see how well medicines are
working. There are many different disease activity scores available that look at different parameters. The
Disease Activity Index for Psoriatic Arthritis (also known as DAPSA) is one of these and has been developed to
include a series of key disease elements. High disease activity generally means that a person’s disease is not well
controlled, and may be causing joint damage and pain. Being in low disease activity or remission (no signs of
symptoms) is the goal of treatment for psoriatic arthritis.

WHAT DID THE AUTHORS HOPE TO FIND?
The authors wanted to be able to work out how they could use the DAPSA to say when people had achieved
certain states (such as remission), or to say whether their treatment was working.

WHO WAS STUDIED?
The study looked at 30 people with psoriatic arthritis, as well as data from 425 patients in three trials: the
ADEPT, IMPACT, and GO-REVEAL studies, which investigated the efficacy of three different tumour necrosis
factor inhibitors called adalimumab, infliximab and golimumab in patients with psoriatic arthritis who had not
seen an improvement in their disease with traditional treatments known as disease-modifying antirheumatic
drugs (DMARDs) or non-steroidal anti-inflammatory drugs (NSAIDs).

HOW WAS THE STUDY CONDUCTED?
The authors used patient profiles from an observational database. They then carried out a survey among
doctors who were experts in joint diseases to sort these 30 patients into one of four groups (remission, low,
moderate, or high disease activity) based on how many swollen or tender joints they had, their level of pain,
and laboratory measurements of markers in their blood that indicate inflammation. Based on the distribution
of the DAPSA results they then defined the cut-offs between groups. The authors then repeated the test
without certain elements, and checked against published study data to see how well the DAPSA results agreed
with other disease activity states used.

WHAT WERE THE MAIN FINDINGS OF THE STUDY?
The authors found that the DAPSA is a good tool to use for assessing disease activity in psoriatic arthritis, and
that it agrees well with other scoring systems. The DAPSA scores were very different for the people in each of
the four groups. The authors conclude that DAPSA scores of 4 or less mean a person is in remission. Scores of
4–14 suggest low disease activity, 14–28 for medium disease activity, and more than 28 means a person has
high disease activity.

ARE THESE FINDINGS NEW?
Yes, up until now definitions of disease activity states and therapeutic response have been missing for the
DAPSA.

WHAT ARE THE LIMITATIONS OF THE STUDY?
One limitation is that the study used a small number of patient profiles. However, the authors compared the
information with real-life patients from the ADEPT, IMPACT, and GO-REVEAL studies and found similar
patterns, which means that the results are reliable, even for this small set of patients.

WHAT DO THE AUTHORS PLAN ON DOING WITH THIS INFORMATION?
The authors plan to repeat the test in large-scale observational studies of people with psoriatic arthritis.
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WHAT DOES THIS MEAN FOR ME?
If you have psoriatic arthritis, tools like the DAPSA may help your doctor to assess whether your treatment is
working. The DAPSA may also help them to target remission or low disease activity by using a treat-to-target
approach.

Disclaimer: This is a summary of a scientific article written by a medical professional (“the Original Article”).
The Summary is written to assist non medically trained readers to understand general points of the Original
Article. It is supplied “as is” without any warranty. You should note that the Original Article (and Summary)
may not be fully relevant nor accurate as medical science is constantly changing and errors can occur. It is
therefore very important that readers not rely on the content in the Summary and consult their medical profes-
sionals for all aspects of their health care and only rely on the Summary if directed to do so by their medical
professional. Please view our full Website Terms and Conditions. http://www.bmj.com/company/
legal-information/

Date prepared: May 2016

Summary based on research article published on: 12 August 2015

From: Schoels, MM. et al. Disease activity in psoriatic arthritis (PsA): defining remission and treatment success
using the DAPSA score. Ann Rheum Dis 2016;75:811–18. doi:10.1136/annrheumdis-2015-207507

Copyright © 2016 BMJ Publishing Group Ltd & European League Against Rheumatism. Medical professionals
may print copies for their and their patients and students non commercial use. Other individuals may print a
single copy for their personal, non commercial use. For other uses please contact our Rights and Licensing
Team.
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