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ABSTRACT
Objectives  The Disease Activity index for Psoriatic 
Arthritis (DAPSA) was developed to assess disease activity 
in patients with psoriatic arthritis (PsA). A modified version, 
DAPSA28, uses 28 joints instead of 66/68. This study 
evaluated key psychometric properties of DAPSA and 
DAPSA28.
Methods  Data from 1865 patients with PsA in the 
European Spondyloarthritis (EuroSpA) Research 
Collaboration Network, having DAPSA and DAPSA28 scores 
at baseline and follow-up, were analysed. Tests included 
assessment of internal construct validity by scree plots, 
confirmatory factor analysis (CFA) and structural equation 
modelling (SEM), supplemented by tests of differential item 
functioning (DIF) and evaluation of internal consistency 
reliability by Cronbach’s α (CA). A subset of 625 patients 
was used for most analyses, except descriptive statistics, 
correlation matrix and CA.
Results  One-dimensional CFA models for DAPSA and 
DAPSA28 showed acceptable model fit at baseline (root 
mean square error of approximation, RMSEA: 0.020, 
0.034). However, model fit at 6 months follow-up was 
poor (RMSEA: 0.057, 0.063). SEM combining baseline 
and follow-up data could not identify an acceptable 
model fit. DIF was found for sex and country. CA indicated 
acceptable internal consistency (DAPSA: 0.65; DAPSA28: 
0.63). Heterogeneity across countries was observed.
Conclusions  Overall, the model fit was acceptable across 
model fit statistics, supporting internal construct validity, 
but some evidence of misfit at country level was disclosed. 
Our findings support acceptable internal consistency 
reliability, but DIF was found for sex and country. Based 
on mixed results of model fit and DIF, further investigation 
of these and other PsA disease activity measures is 
warranted.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Previous research in psoriatic arthritis (PsA) demon-
strates that Disease Activity index for Psoriatic Arthritis 
(DAPSA) and DAPSA28 correlate well with other disease 
activity measures, such as the Psoriatic Arthritis Disease 
Activity Score (PASDAS) for PsA and the Disease Activity 
Score 28 (DAS28), and are sensitive to change, support-
ing their external construct and criterion validity.

WHAT THIS STUDY ADDS
	⇒ This study evaluated whether DAPSA and DAPSA28 ac-
curately measure the latent construct of PsA disease ac-
tivity, the differential item functioning and Cronbach’s α. 
Confirmatory factor analysis indicated acceptable inter-
nal construct validity at baseline and at 6 months follow-
up, while structural equation models across both time 
points did not demonstrate acceptable fit. Both indices 
conformed to the standard tests of internal consistency 
based on Cronbach’s α. Thus, internal construct validity 
and internal consistency reliability were supported, and 
differential item functioning was identified.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Further studies comparing DAPSA and DAPSA28 and 
other existing PsA and inflammatory arthritis disease ac-
tivity measures recommended by key international bod-
ies, such as American College of Rheumatology (ACR), 
European Alliance of Associations for Rheumatology 
(EULAR), Group for Research and Assessment of 
Psoriasis and Psoriatic Arthritis / Outcome Measures in 
Rheumatology (GRAPPA/OMERACT), are encouraged. 
Assessment of internal construct validity of several indi-
ces and country-wise comparison would be useful.
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INTRODUCTION
Psoriatic arthritis (PsA) is a chronic inflammatory joint 
disease with manifestations in peripheral joints, the axial 
skeleton, skin, nails, entheses and digits. Patients present 
with pain and stiffness in affected joints, functional disa-
bility and fatigue.1 PsA is also associated with comorbid-
ities, including cardiovascular disease, diabetes mellitus, 
metabolic syndrome, obesity, inflammatory bowel disease 
and depression.2

To effectively monitor disease activity and treatment 
response in PsA, regular monitoring using validated 
assessment tools is recommended.3 One such outcome 
measure is the Disease Activity index for Psoriatic 
Arthritis (DAPSA). DAPSA was designed in 2010 based 
on testing the Disease Activity index for the assessment 
of Reactive Arthritis (DAREA) designed for reactive 
arthritis assessment4 on PsA subsamples of 180 and 99 
patients.4 It has since been used globally to assess PsA 
disease activity.5 The DAPSA score includes the sum of 
the count of tender (0–68) and swollen (0–66) joints, 
C reactive protein (CRP) levels (mg/dL) and patient-
reported global assessments of disease activity (0–10) and 
pain (0–10). In 2018, a 28-joint version, DAPSA28, was 
introduced for cases where the full 66/68 joint count is 
unavailable, with joint counts multiplied by a conversion 
factor of 1.6.6

External construct validity is tested by relations between 
a given index and other indices, sometimes based on 
correlation. Existing evidence supports DAPSA’s external 
construct validity through correlations with other disease 
activity measures (Psoriatic Arthritis Disease Activity 
Score for PsA, clinical DAPSA, Clinical Disease Activity 
Index for rheumatoid arthritis, Simplified Disease Activity 
Index for rheumatoid arthritis, Disease Activity Score 28 
CRP for rheumatoid arthritis, and DAPSA28 for PsA), 
concurrent validity, discriminant validity, test–retest and 
principal component analysis.4–9 Similarly, DAPSA28 has 
been validated through tests of external construct validity 
(same indices as with DAPSA), sensitivity to change and 
discriminant power.6 DAPSA is recommended for outpa-
tient clinical treatments10 11 and DAPSA28 has been 
suggested for use in research when 66/68 joint count is 
not available,6 but can they be considered valid disease 
activity measures? Even though several aspects have 
been tested, this has not been thoroughly investigated. 
This could mean that what we measure when using 
these indices is not valid, leading to misjudgements and 
possibly not the best treatment of patients or the best 
assessments in research. Therefore, we investigate their 
psychometric properties.

Psychometric validation evaluates the measurement 
properties of indices, such as outcome measures, using 
statistical methods. Doing this based on structural equa-
tion models (SEM12) and confirmatory factor analysis 
(CFA13) models is considered standard practice for 
exploring properties of an instrument that indirectly 
measures a variable that cannot be directly observed. 
These approaches are considered assessments of internal 

construct validity, that is, assessments of the construct 
itself unrelated to other constructs. A variable that cannot 
be directly observed is often called a latent variable, and 
PsA disease activity is an example of this. The SEM and 
CFA approaches test whether combinations of observable 
variables (such as CRP, joint counts and patient global 
assessment included in DAPSA) can accurately measure 
the latent construct of PsA disease activity. Modern test 
theory like SEM and CFA tests the fit between observ-
able variables and the model proposed by index devel-
opers, that is, the DAPSA and DAPSA28. These statistical 
models test ideal measurement requirements of an index 
against observed data.

While the external construct validity for DAPSA and 
DAPSA28 is well-established, fewer studies have inves-
tigated their internal construct validity, particularly 
through modern test theory. Therefore, the primary aim 
of this study was to assess the internal construct validity 
of DAPSA and DAPSA28 using CFA and SEM, alongside 
assessments of additional psychometric properties.

METHODS
Material
The EuroSpA Research Collaboration Network is a 
scientific consortium comprising 17 European clin-
ical arthritis registries that collect data on patients with 
SpA, including axial SpA (axSpA) and PsA.14 Each 
registry gathers comprehensive clinical data pertinent 
to the management of patients with PsA (www.eurospa.​
eu). This study included a cohort of 1863 adult patients 
(>18 years) diagnosed with PsA (1964–2021) who initi-
ated their first biologic or targeted synthetic disease-
modifying antirheumatic drug (b/tsDMARD) between 1 
January 2015 and 16 July 2022. This start date of initial 
treatment is considered the baseline date in this study. 
They had available DAPSA and DAPSA28 scores at a base-
line and 6-month follow-up visit, allowing for analysis of 
time-dependent construct validity. Patients missing either 
baseline or follow-up DAPSA or DAPSA28 assessments 
were excluded. The dataset included demographic and 
clinical variables, including sex, country, country’s gross 
domestic product (GDP) per capita,15 body mass index, 
disease duration, DAPSA and DAPSA28 scores, and indi-
vidual DAPSA/DAPSA28 items: 28 and 68 Tender Joint 
Counts (TJC), 28 and 66 Swollen Joint Counts (SJC), 
CRP, Patient Global Score (PGS), Patient Pain Score 
(PPS) and Physician Global Score.

Psychometric tests and statistics
We evaluated the psychometric validity and reliability of 
DAPSA and DAPSA28 following OMERACT guidelines16 
and the American Psychological Association Standards 
for psychometric tests.17 This evaluation of construct 
validity had six steps, as outlined below.

Relationship between items
First, using data from all 1863 patients, we performed 
polychoric rank correlation analysis for items of different 
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scales between each of the DAPSA and DAPSA28 items at 
baseline and follow-up, and physician global score, as well 
as pairwise scatter plots and histograms for each item to 
map the overall pattern of relationships between items. 
Correlations were presented as a heatmap. Correlations 
above 0.90 were considered strong, suggesting measure-
ment of related traits.18

Dimensionality
To ensure that the identified models were not biased 
by variation in patient numbers between countries, 
125 patients were randomly selected from each of the 
five countries who had the highest number of patients. 
This resulted in a total of 625 patients which allows for 
the analysis of scree plot, CFA, SEM and differential 
item functioning (DIF) assessments. Scree plots were 
used to evaluate whether most part of the variances 
in the DAPSA and DAPSA28 scores were caused by a 
single one-dimensional underlying variable, that is, 
PsA disease activity. Scree plots including full sample 
and resampled subsamples were assessed to test for 
sampling sensitivity and to evaluate dimensionality 
visually, by identifying a point at which the proportion 
of variance explained by each subsequent dimension 
(principal component) drops off, often referred to as a 
‘knee’ or ‘elbow’ effect because an angle is seen in the 
plotted line. A significant drop between the first and 
second dimensions suggests that a second dimension 
should not be included. Dimensionality can also be 
based on an eigenvalue 1 cut-off, meaning that dimen-
sions with a higher score than 1 are supported in the 
data. Both approaches were considered in this analysis. 
Hypothetically, if two dimensions are identified, these 
could be an ‘experienced disease’ based on patient 
pain and global assessment and a ‘physical impact’ 
based on the rest of the items, depending on how the 
items loaded on the dimensions. A specified multi-
dimensional alternative could not be tested because 
DAPSA and DAPSA28 include only five items, whereas 
six are required for a multidimensional model (three 
per dimension). However, failure of a one-dimensional 
model to fit the data would indicate multidimension-
ality.

Internal construct validity
Evaluation of polychoric correlation scree plots informed 
the choice of a CFA model based on the dimensionality 
assessment, and the fit of this model was tested using 
the χ2 goodness-of-fit statistic that directly checks how 
well the model matches the data, known as a test of 
exact fit. For exact fit, χ2, df and significance by p value 
were reported. χ2 is high for poor fit and low for good 
fit, df allows comparison of constraints between each 
of the models, and p values above 0.05 suggest a good 
fit. Larger sample sizes will very often lead to an analysis 
rejecting that the models fit observed data and for this 
reason the χ2 goodness-of-fit analysis was supplemented 
by two indices of close fit: the comparative fit index (CFI; 

acceptable model fit if above 0.96) and the root mean 
square error of approximation (RMSEA; acceptable 
model fit if below 0.06).19 When one of these measures 
was acceptable and the other was not, RMSEA was chosen 
to judge model fit, as it is considered more suitable for 
this purpose.20 For each item in each model, the eigen-
value was also reported. High eigenvalues over 1 between 
the manifest item (such as the joint count) and the latent 
construct (such as DAPSA28) suggest a stronger rela-
tion, whereas lower values suggest a weaker relation. A 
SEM using combined data from baseline and 6 months’ 
follow-up was used to test factor structure patterns over 
time. Two-tier models were used since residual variance 
for an item was assumed to be correlated across the two 
time points.

The fit of CFA models and of SEMs was tested in 
separate analyses for each of the countries with more 
than 125 respondents and in multiple groups analyses 
combining data from these countries assuming config-
ural invariance.21 Briefly, configural invariance means 
that the same factor structure, for example, a single 
one-dimensional latent variable, is assumed in each 
of the countries with more than 125 respondents, but 
that no equality constraints are placed on the parame-
ters. Thus, the analysis combines evidence of model fit 
across countries, but it does not test if the parameters 
are the same.

Differential item functioning
To determine if different subgroups of patients would have 
different probabilities of DAPSA and DAPSA28 disease 
activity scores, DIF was applied. DIF tests whether patient 
characteristics influence the likelihood of obtaining high 
or low scores. DIF was stratified by national registries/
countries, GDP levels and sex. Significance was assessed 
using the Mantel-Haenszel test, with p values less than 
0.05 indicating the presence of DIF.

Internal consistency reliability
For each index (DAPSA and DAPSA28) internal consist-
ency reliability was estimated using Cronbach’s coef-
ficient α (CA), which implies that test–retest reliability 
would be the same or higher.22 CA was considered accept-
able above 0.6.23

Sensitivity analysis
CFA, SEM and DIF were analysed for each country and 
with and without removal of DAPSA and DAPSA28 
change-score outliers.

RESULTS
The study included 1863 patients, of which 55% were 
women. Patients had a median disease duration of 4 years 
(table  1). Five countries (Czech Republic, Denmark, 
Italy, Portugal and Romania) had data from 125 patients 
or more. DAPSA and DAPSA28 scores for each of these 
five countries are shown in online supplemental table S1. 
In 5% of patients, the 28 TJC was 0, while the 68 TJC was 
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>0. Similarly, 4% of patients had swollen joints assessed 
by the 66 joint count, with no joints registered as swollen 
with the 28 swollen joint count. Thus, some articular 
involvement captured by DAPSA was not captured by 
DAPSA28.

DAPSA and DAPSA28 validity
Relationship between items
Inspection of marginal item distribution histograms and 
pairwise scatter plots revealed skewed distributions and non-
linear inter-item relations (online supplemental figure S2). 
At baseline, a positive correlation was generally observed 
between DAPSA and DAPSA28 items and sum scores (see 
online supplemental figure S2 and figure 1 below). Item 
correlations ranged from −0.14 (for SJC at baseline and PGS 
at follow-up) to 0.99 (DAPSA and DAPSA28 at follow-up) 
for DAPSA and DAPSA28 items and sum scores. The 

Figure 1  Polychoric rank correlation heat map for DAPSA 
and DAPSA28 total scores and standardised DAPSA and 
DAPSA28 individual items at baseline and follow-up. Each 
item has a suffix for baseline (‘bs’) or for 6 months follow-
up (6m). For tjc, sjc and total scores, names have ‘28’ for 
28 joints and ‘66’ or ‘68’ for 66/68 joints. CRP, C reactive 
protein; DAPSA, Disease Activity Index for Psoriatic Arthritis; 
PGS, Patient Global Score; PPS, Patient Pain Score; SJC, 
Swollen Joint Count; TJC, Tender Joint Count.

Table 1  Descriptive statistics of cohort, demographics, 
DAPSA and DAPSA28 scores and item scores at baseline 
and 6 months follow-up

Cohort (n=1863)

Available data, 
n (%)

Median (IQR) or 
n (%)*

Demographics

BMI 1584 (85) 27.5 (24.2, 31.2)

Country 1863 (100)

 � Czech Republic – 786 (42%)

 � Italy – 499 (27%)

 � Portugal – 217 (12%)

 � Romania – 159 (8.5%)

 � Denmark – 129 (6.9%)

 � Switzerland – 40 (2.1%)

 � Finland – 23 (1.2%)

 � Estonia – 6 (0.3%)

 � Iceland – 4 (0.2%)

Sex 1863 (100)

 � Female – 1023 (55%)

 � Male – 840 (45%)

Age at baseline/treatment initiation 1546 (83) 51 (42, 58)

Treatment 1863 (100)

 � Tumour necrosis factor inhibitor – 1464 (79%)

 � Interleukin 17 inhibitor – 277 (15%)

 � Phosphodiesterase-4 inhibitor – 72 (3.9%)

 � Interleukin 12/23 inhibitor – 39 (2.1%)

 � Janus Kinase inhibitor – 11 (0.6%)

Disease duration in years 1546 (83) (100) 4 (1, 9)

Year of diagnoses 1546 (83)

 � –1999 – 35 (2.3%)

 � 1990–1999 – 76 (4.9%)

 � 2000–2009 – 305 (20%)

 � 2010–2019 – 1043 (67%)

 � 2020– – 87 (5.6%)

Clinical measures, baseline

 � Tender Joint Count, 68 1863 (100) 9 (3, 16)

 � Tender Joint Count, 28 1863 (100) 6 (2, 11)

 � Swollen Joint Count, 66 1863 (100) 5 (1, 9)

 � Swollen Joint Count, 28 1863 (100) 3 (0, 7)

 � CRP, mg/L 1863 (100) 8 (3, 19)

 � Patient Global Score 0–100 1863 (100) 70 (50, 80)

 � Patient Pain Score 0–100 1863 (100) 70 (50, 80)

 � Physician Global Score 0–100 1817 (100) 52 (30, 70)

Clinical measures, 6 months follow-
up

 � Tender Joint Count, 68 1863 (100) 1 (0, 3)

 � Tender Joint Count, 28 1863 (100) 0 (0, 2)

 � Swollen Joint Count, 66 1863 (100) 0 (0, 1)

 � Swollen Joint Count, 28 1863 (100) 0 (0, 1)

 � CRP, mg/L 1863 (100) 2.3 (1.0, 5.4)

Continued

Cohort (n=1863)

Available data, 
n (%)

Median (IQR) or 
n (%)*

 � Patient Global Score, 0–100 1863 (100) 30 (10, 50)

 � Patient Pain Score, 0–100 1863 (100) 30 (10, 50)

 � Physician Global Score, 0–100 1782 (96) 12 (5, 30)

Composite measures

 � DAPSA68, baseline 1863 (100) 29 (18, 41)

 � DAPSA28, baseline 1863 (100) 29 (18, 44)

 � DAPSA68, 6 months 1863 (100) 9 (4, 15)

 � DAPSA28, 6 months 1863 (100) 9 (4, 15)

*Median (IQR=25% percentile–75% percentile); n (%).
BMI, body mass index; CRP, C reactive protein; DAPSA, Disease Activity 
index for Psoriatic Arthritis.

Table 1  Continued
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correlation between 68 TJC (TJC68) and 28 TJC (TJC28) at 
baseline was 0.89 and the correlation between swollen joint 
count 66 (SJC66) and swollen joint count 28 (SWC28) was 
0.91. The correlation between DAPSA and DAPSA28 total 
score at baseline was 0.94, indicating a high degree of corre-
lation. For all DAPSA and DAPSA28 items and total scores at 
baseline, correlations ranged from 0.22 to 0.92. The correla-
tion between DAPSA and DAPSA28 at 6 months’ follow-up 
was 0.99, that is, higher than between DAPSA and DAPSA28 
at baseline. The correlations for each of the DAPSA items 
measured at baseline vs the same measure at follow-up were 
between 0.02 (PGS) and 0.39 (TJC).

Dimensionality
Figure  2 displays scree plots for DAPSA and DAPSA28 
at baseline and 6 months follow-up for the randomly 
selected 625 patients. Online supplemental figure S3 
presents scree plots for each of the five countries with 
more than 125 patients. The difference between the line 
with a dot for each component illustrates eigenvalues 
and the solid line cut-off at eigenvalue 1 illustrates multi-
dimensionality in baseline data. Based on an eigenvalue 
cut-off of 1, the scree plots suggest two dimensions, 
and based on the knee, they suggest that one dimen-
sion is present. Since testing of multidimensionality was 
not possible due to the number of items, models were 
analysed as one-dimensional.

Internal construct validity
The DAPSA one factor single group CFA model at base-
line showed eigenvalues ranging from 0.51 (CRP) to 
0.63 (TJC), with item residual variances between 0.61 
(TJC) and 0.74 (CRP) (figure  3a). The DAPSA28 CFA 
model at baseline was similar, with eigenvalues ranging 

from 0.47 (PGS) to 0.96 (TJC) and item residual vari-
ances between 0.08 (TJC) and 0.96 (CRP) (figure  3b). 
At 6 months follow-up compared with the baseline 
CFA, there was a decreased and negative (−0.01) rela-
tion between tender and swollen joint count in DAPSA 
and DAPSA28, and eigenvalues varied more. The SEM 
model (online supplemental figure S4a) between 
DAPSA at baseline and DAPSA at 6 months’ follow-up 
showed similar eigenvalues as the baseline CFA models 
and residual variances between baseline and follow-up, 
except lower residual values for PGS and PPS at 6 months 
follow-up. Latent factor covariance between DAPSA at 
baseline and follow-up was −0.43 and −0.48, that is, low, 
suggesting that patients with high disease activity at base-
line had higher improvement. The DAPSA28 SEM model 
(online supplemental figure S4b) between baseline and 
follow-up also found eigenvalues and residual variance 
like the DAPSA28 CFA model. Covariance between the 
latent factor for DAPSA28 at baseline and follow-up was 
the same as for DAPSA.

Fit indices
For DAPSA and DAPSA28, CFA models testing configural 
invariance—which checks whether the index functions 
the same way across groups—showed good fit at baseline, 
although the p-value for DAPSA28 was borderline signifi-
cant. The p values at 6 months follow-up were below 0.05 
and χ2 values higher than at baseline, suggesting poor fit 
(see table 2). Acceptable values for the indices of close 
fit were seen for DAPSA, while for DAPSA28 one of the 
indicators was just outside the range of acceptable values. 
For the SEM models, the χ2 test and the RMSEA rejected 
model fit (values 0.079 and 0.082).

Figure 2  Scree plots for DAPSA and DAPSA28 at baseline and follow-up. The dots are the eigenvalues for each of the 
components, the solid line is the cut-off at eigenvalue 1. DAPSA, Disease Activity index for Psoriatic Arthritis.
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Differential item functioning
The analyses of DAPSA DIF based on baseline scores 
revealed highly significant evidence of DIF with respect to 
country (see online supplemental table S6). The strongest 
evidence was for the item TJC. The DIF pattern for DAPSA28 
was comparable to the pattern for DAPSA regarding how 
items scores differed systematically across countries. There 
was evidence of DIF with respect to sex for PPS only and 
little evidence of DIF with respect to GDP.

DAPSA and DAPSA28 reliability
The internal consistency reliability as assessed by CA for 
DAPSA and DAPSA28 was 0.65 and 0.63 at baseline. At 6 
months follow-up, CA for DAPSA and DAPSA28 was 0.66 
and 0.64.

Sensitivity analysis
For both DAPSA and DAPSA28 country-level CFA at 
baseline for each of the five countries with 125 patients, 
model fit varied with some models having acceptable 
RMSEA model fit (online supplemental table S5). Sensi-
tivity testing on a subsample excluding DAPSA and 
DAPSA28 change-score outliers showed no change in 
model fit acceptability.

DISCUSSION
In this study, DAPSA and DAPSA28 were investigated by 
polychoric rank correlations, dimensionality by scree-
plots, CFA models, SEM models, CFA and SEM model fit, 
DIF and internal consistency reliability by CA. Overall, 

Figure 3  Baseline DAPSA and DAPSA28 confirmatory factor analysis model. λ (lambda) indicates factor loadings, Θ (theta) 
indicates residual variances, σ (sigma) indicates covariance between error terms, ψ (psi) indicates factor variance and ϕ (phi) 
indicates latent variable covariance. CRP, C reactive protein; DAPSA, Disease Activity index for Psoriatic Arthritis; PGS, Patient 
Global Score; PPS, Patient Pain Score; SJC, Swollen Joint Count; TJC, Tender Joint Count.

Table 2  DAPSA and DAPSA28 fit of configural invariance multigroup CFA models at baseline and 6 months follow-up and 
SEM model fit

Exact fit Close fit

Model χ2 df P value RMSEA CFI

(a) DAPSA CFA at baseline 21.0 17 0.225 0.020 1.000

(b) DAPSA28 CFA at baseline 30.5 18 0.033 0.034 1.000

(c) DAPSA CFA at 6 months follow-up 43.6 15 0.000 0.057 1.000

(d) DAPSA28 CFA at 6 months follow-up 59.7 18 0.000 0.063 1.000

(e) DAPSA SEM 736.8 150 0.000 0.079 0.980

(f) DAPSA28 SEM 768.3 150 0.000 0.082 0.983

CFA, Confirmatory factor analysis; CFI, Comparative Fit Index; DAPSA, Disease Activity index for Psoriatic Arthritis; RMSEA, 
root mean square error of approximation; SEM, structural equation modelling.
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the findings support acceptable internal construct 
validity and internal consistency reliability; however, DIF 
was observed for sex and country.

Several earlier studies have tested the relationships 
between both DAPSA or DAPSA28 and other similar and 
related disease activity measures, although kappa agree-
ment of 0.32 between DAPSA and Psoriatic Arthritis 
Disease Activity Score for PsA (PASDAS) was the only 
identified result based on PsA disease activity.9 In previous 
research, correlation coefficients at baseline of 0.60–0.99 
were found between DAPSA/DAPSA28 and other disease 
activity measures.6 8 24 25 Still, there is limited evidence 
regarding correlations between DAPSA and DAPSA28 
individual items. Also, no previous studies exist regarding 
DAPSA and DAPSA28 internal construct validity evidence 
based on exploration of latent traits. A previous study 
on DAPSA by Nell-Duxneuner et al7 (DAPSA referred 
to as DAREA in the publication) evaluated dimension-
ality reduction by principal component analysis in 105 
patients. Nell-Duxneuner et al found most of the variance 
in DAPSA to be explained by four components, indi-
cating that it captures multiple aspects of disease activity. 
Nell-Duxneuner et al identified patient global and pain 
assessment on one component, swollen and tender joints 
on another, CRP on a third, and skin assessment (not 
available in DAPSA) on a fourth insignificant compo-
nent. Our study only identified one or two dimensions in 
DAPSA and DAPSA28 depending on scree plot interpre-
tations, whereas the study by Nell-Duxneuner et al found 
three. In this study, the one-dimensional model fit the 
data well, supporting the one-dimensionality of the latent 
construct of disease activity in PsA. Nell-Duxneuner et al 
found that DAPSA was the disease activity measure that 
had the best fit with these four components compared 
with DAS28, Simple Disease Activity Index (SDAI) and 
Clinical Disease Activity Index (CDAI).

No previous tests of CA were identified, but a 2-week 
test–retest was assessed previously.8 CA provides a lower 
bound test–retest estimate, meaning that test–retest 
would not be lower than these estimates. Therefore, the 
CA results for DAPSA of 0.65 and 0.66 at baseline and 
follow-up identified in this study match the test–retest of 
0.92 identified in previous research.

We conducted CFA, SEM and DIF analyses using subsa-
mples from countries with more than 125 cases, totalling 
625 patients. Selecting a subsample of 125 patients at 
random from each of these countries was applied since 
the varying sample size from the countries could other-
wise affect the CFA, SEM and DIF models. No significant 
differences in characteristics were identified between 
the full 1863 and the 625 randomly selected patients. 
To ensure meaningful comparisons across countries, 
these models were adjusted based on configural invari-
ance, which checks whether the overall factor structure 
is consistent across groups. This adjustment allowed us to 
combine the model fit results across countries, providing 
a more robust evaluation of the models’ performance at 
the multinational level.

Polychoric rank correlations were used to account for 
the ordinal nature of items due to non-normal distri-
butions. Both DAPSA and DAPSA28 showed an overall 
positive correlation pattern; however, non-linearity and 
skewness in several items may obscure latent factor iden-
tification. As composite scores of disease activity, DAPSA 
and DAPSA28 include measures from diverse sources 
with varying distributional characteristics. Therefore, 
lower correlations between items like CRP and others 
were expected.

Neither DAPSA nor DAPSA28 was originally concep-
tualised as multidimensional measures,4 6 that is, they 
assumed a single underlying factor in the concept of PsA 
disease activity. Yet, the DAPSA dimensionality has been 
discussed previously. For instance, DAPSA and DAPSA28 
could consist of a patient-assessed component and inflam-
mation/physician component.26 Similar discussions of 
dual targets (symptoms and biological) exist for rheuma-
toid arthritis.27 28 It is important to note that PsA disease 
dimensionality is different from the PsA disease activity 
dimensionality. For instance, radiographic progression 
and quality of life impairment are typically not seen as a 
part of disease activity assessment. Existing research7 has 
proposed that patient pain and global assessment could 
represent a separate factor, meaning that the construct 
PsA disease activity is two-dimensional. However, with 
only two items, modelling a distinct sub-factor is not 
statistically viable, supporting the use of one-dimensional 
modelling. If, for instance, DAPSA and DAPSA28 
included an additional patient assessed item, ie, six items 
in total, this could allow for two-dimensional modelling 
to support this hypothesis.

The CFA models included correlations between the 
two patient-reported items (pain and global assessment) 
and between the joint counts (swollen and tender). This 
testing aimed to identify if high correlations between 
these items would suggest overlapping traits, even if they 
are intended to assess different aspects. Since no correla-
tions above 0.90 were found, the results suggest these 
items do not measure the same traits and should not be 
excluded.

In both SEM models for DAPSA and DAPSA28, a nega-
tive association between the latent construct of DAPSA 
at 6 months follow-up between SJClen and TJC was iden-
tified (−0.28 and −0.22). Although smaller, a negative 
association (−0.01) was also seen in the CFA models at 
6 months follow-up. This was not caused by scores being 
lower at follow-up due to effective treatment since the 
model controls for this. Instead, it means that items 
were affected differently over the 6 months of treatment. 
Country-wise models with samples of 125 patients each 
revealed good fit for some countries and not accepted fit 
for others. This result should be interpreted with caution 
since 125 patients are considered a small cohort for CFA 
analyses.

For DAPSA, DIF analysis revealed DIF for country 
and GDP, and for DAPSA28 the analysis revealed DIF 
for all tested aspects, that is, country, GDP and sex. 
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The findings of DIF, especially from country but also 
sex in DAPSA and DAPSA28, raise awareness of differ-
ences between different groups of patients and their 
chance of high and low DAPSA and DAPSA28 scores. 
These findings may impact clinical decision-making, 
since sex-related DIF could reflect differences in the 
perception of pain and assessment of tender joints, 
as sex has been identified as associated with both 
in previous studies.29 30 This highlights the need to 
further examine sex-specific DAPSA and DAPSA28 
disease activity thresholds and the influence of sex 
on the psychometric properties of these indices. 
Different inclusion criteria for outpatient treatment 
across countries could influence the identified DIF 
for country. This was the first study where sex DIF in 
DAPSA and DAPSA28 outcomes was explored, and it 
was expected to identify some DIF items on DAPSA 
and DAPSA28 as treatment outcomes are known 
to differ between male and female patients with 
PsA31; yet DIF based on sex was only identified for 
DAPSA28. The DIF results found in four countries 
are in line with the differences identified in CFA and 
SEM country-wise models.

Strengths of this study include a large sample size of 
1865 patients and 625 for advanced analysis and data 
from nine European countries, although for most 
analyses, 625 patients were included (125 patients 
selected at random from five countries). The choice 
of sampling 125 patients per country was made to 
balance representativeness across countries and test 
conditions. Including two measurement points per 
patient allowed for testing DAPSA and DAPSA28 over 
time. This provides a more solid basis for generalisa-
tion of the results than analysis based on data from one 
country and one time point alone. Tests of sensitivity 
revealed significant variation by country but no impact 
from the removal of outliers. There is no perfect way 
to model CFA and SEM to explore internal construct 
validity. Therefore, these different approaches were 
applied. Country-wise modelling suggests that DAPSA 
and DAPSA28 may not measure the exact same 
construct in each country, which means comparison 
of scores within a country would be more reliable than 
between countries.

Some psychometric aspects could not be tested 
based on the available data. Inter-rater and intrarater 
reliability assessment was not possible since physician 
ID was not included. An anchor-based minimal clini-
cally important difference (MCID) could not be tested 
because the data did not include patient assessment of 
improvement. This is an important limitation of this 
study since MCID for improvement as well as wors-
ening based on DAPSA and DAPSA28 has not been 
tested previously. Also, the data did not include other 
PsA specific disease activity measures, so we could not 
investigate relations between DAPSA and DAPSA28 vs 
indices such as the multidimensional PASDAS or the 
Composite Psoriatic Disease Activity Index (CPDAI).

In line with Nunnally et al. 196723, a CA of 0.6 was 
applied as an early-stage threshold. However, the 
absence of prior testing and the lack of a universally 
accepted standard32 can be considered a limitation of 
the study.

Improved validity and internal consistency reliability 
with different or moderated indices could enhance 
treatment decisions, allowing for greater precision in 
patient care. This, in turn, could benefit clinical trial 
designs by potentially reducing the required sample 
size, thus saving economic resources. However, it is 
important to recognise that some of the tested aspects 
have not been previously explored, and further testing 
in other cohorts would be valuable.

In conclusion, the overall model fit was accept-
able across model fit statistics, but some evidence of 
misfit at country level was disclosed. In addition, our 
findings support acceptable internal consistency reli-
ability, while DIF was found for sex and country. Thus, 
our study supports the use of DAPSA and DAPSA28 
for assessment of PsA disease activity. Still, it would 
be relevant to explore internal construct validity of 
other existing or future PsA disease activity measures, 
hoping to identify an outcome measure with higher 
internal construct validity.
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