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Abstract
Objectives: To comprehensively compare the disease burden among patients with RA, PsA and AS using Patient-Reported Outcome 
Measurement Information System (PROMIS) scores and to identify distinct patient clusters based on comorbidity profiles and PROMIS outcomes.
Methods: Data from the global COVID-19 Vaccination in Autoimmune Diseases (COVAD) 2 e-survey were analysed. Patients with RA, PsA or 
AS undergoing treatment with DMARDs were included. PROMIS scores (global physical health, global mental health, fatigue 4a and physical 
function short form 10a), comorbidities and other variables were compared among the three groups, stratified by disease activity status. 
Unsupervised hierarchical clustering with eXtreme Gradient Boosting feature importance analysis was performed to identify patient subgroups 
based on comorbidity profiles and PROMIS outcomes.
Results: The study included 2561 patients (1907 RA, 311 PsA, 343 AS). After adjusting for demographic factors, no significant differences in 
PROMIS scores were observed among the three groups, regardless of disease activity status. Clustering analysis identified four distinct patient 
groups: low burden, comorbid PsA/AS, low burden with depression and high-burden RA. Feature importance analysis revealed PROMIS global 
physical health as the strongest determinant of cluster assignment, followed by depression and diagnosis. The comorbid PsA/AS and high- 
burden RA clusters showed a higher prevalence of comorbidities (56.47% and 69.7%, respectively) and depression (41.18% and 41.67%, re
spectively), along with poorer PROMIS outcomes.
Conclusion: Disease burden in inflammatory arthritis is determined by a complex interplay of factors, with physical health status and depres
sion playing crucial roles. The identification of distinct patient clusters suggests the need for a paradigm shift towards more integrated care 
approaches that equally emphasize physical and mental health, regardless of the underlying diagnosis.

Lay Summary
What does this mean for patients?
This study analysed data from people with rheumatoid arthritis (RA), psoriatic arthritis (PsA) and ankylosing spondylitis (AS) to understand how 
physical health, mental well-being and other health conditions impact quality of life. Researchers analysed responses from 2561 people world
wide and grouped them based on their health profiles and self-reported symptoms. Key findings showed that physical and mental health strug
gles, fatigue and daily function were similar across RA, PsA and AS after accounting for age and sex. Four patient clusters were found: those 
with mild symptoms and few comorbidities, people with PsA/AS with higher comorbidities and depression, people with arthritis and depression 
but minimal symptoms and comorbidities and RA patients with severe symptoms and multiple comorbidities. These results highlight that arthri
tis care should focus not just on joints, but also on mental health and comorbid conditions. Doctors are encouraged to work on personalized 
care plans that treat the person as a whole, not just the arthritis diagnosis.
Keywords: inflammatory arthritis, disease burden, spondyloarthritis, rheumatoid arthritis, patient reported outcome, PROMIS (Patient-Reported Outcome 
Measurement Information System), mental health, comorbidities, cluster analysis, survey. 

Introduction
RA, PsA and axial SpA (axSpA) are among the most 
prevalent chronic inflammatory rheumatic diseases, collectively af
fecting millions of individuals worldwide. RA is characterized by 
symmetrical polyarthritis primarily affecting the small joints, lead
ing to progressive joint damage and disability [1]. PsA, associated 
with psoriasis, presents with peripheral arthritis, enthesitis, dactyli
tis and axial involvement [2]. AS primarily affects the sacroiliac 
joints and spine, causing inflammatory back pain, stiffness and po
tential spinal fusion [3]. Despite their distinct features, these debili
tating conditions share common clinical manifestations such as 
joint pain, stiffness, fatigue and reduced physical function, posing 
a substantial physical and emotional burden on patients’ lives [4– 
7]. A comprehensive evaluation of disease burden from both the 
physicians’ and patients’ perspectives is pivotal in guiding thera
peutic decisions and optimizing disease management strategies tai
lored to individual needs.

While previous research has shed light on the comparative 
disease burden across RA, PsA and AS [8], the existing evi
dence remains limited, particularly in capturing the patient’s 
voice and experiences through large-scale, multinational 
studies. The burden of these autoimmune inflammatory dis
eases, extending beyond objective clinical measures, warrants 
further exploration to ensure holistic patient care.

Disease burden encompasses not only the physical manifes
tations of the disease, but also the psychological, social and 
economic impact on patients’ lives. Fatigue, pain, reduced 
mobility and decreased quality of life are among the many 
facets of disease burden that can significantly impair patients’ 
daily functioning and well-being [6, 9, 10]. Moreover, the 
presence of comorbidities, such as cardiovascular diseases, 
metabolic disorders and mental health issues, can further 
complicate the disease course and magnify the overall burden 
experienced by patients [11]. The presence of comorbidities 
has been associated with increased disease activity, reduced 
physical function, poorer quality of life, development of 
difficult-to-treat forms and increased mortality in these 
patients [12–16]. Comorbidities may also complicate treat
ment decisions, as certain conditions may contraindicate the 
use of some therapies or require careful monitoring and man
agement. Moreover, patients with RA, PsA and AS who have 
multiple comorbidities often have complex healthcare needs 
that extend beyond the management of their primary rheu
matic disease. The cumulative burden of multiple chronic 
conditions can pose significant challenges for patients and 
their healthcare providers [17].

Understanding the multifaceted nature of disease burden is 
crucial for tailoring management strategies that address 

Key messages 
� Physical and mental comorbidities have a greater influence on disease burden compared with the type of disease. 
� PROMIS global physical health and depression are the strongest determinants of patient clustering in inflammatory arthritis. 
� Disease burden requires an integrated care approach emphasizing both physical and mental health. 
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patients’ diverse needs. By incorporating patient-reported 
outcomes (PROs) and considering the psychosocial aspects of 
living with chronic inflammatory conditions, healthcare pro
viders can work towards improving patients’ overall health 
status and minimizing the long-term consequences of 
these diseases.

Recognizing this need, the COVID-19 Vaccination in 
Autoimmune Diseases (COVAD) study group, comprising 
physicians across healthcare centres globally, embarked on 
an e-survey initiative. The COVAD-1 survey collected data 
from 94 countries, focusing on domains such as physical 
function, fatigue, pain, disease activity and steroid/immuno
suppressant use [18]. Building upon this foundation, the on
going COVAD-2 survey expanded its scope, encompassing 
additional critical aspects like mental and social health, dis
ease flares, long COVID, autoimmune multimorbidity and 
post-vaccination adverse events. Of note, data have been col
lected from a diverse pool of 109 countries [19].

In the analyses of rich datasets, unsupervised machine 
learning (ML) techniques could potentially enhance our un
derstanding of disease burden in these conditions. Such meth
ods may help identify hidden patterns in patient data, 
revealing subgroups with similar disease profiles or outcomes 
that are not immediately apparent through traditional statis
tical approaches [20].

Through the COVAD-2 database, the present study aimed 
to comprehensively compare the disease burden among 
patients with RA, AS and PsA by evaluating, in particular, 
their Patient-Reported Outcome Measurement Information 
System (PROMIS) scores [21]. Furthermore, an exploratory 
analysis was conducted to identify distinct patient clusters 
based on their comorbidity profiles and PROMIS outcomes, 
potentially highlighting subgroups with varying disease bur
dens and complex healthcare needs. In addition to PROMIS 
outcomes, the inclusion of comorbidities in the clustering 
analysis provides a comprehensive perspective on patients’ 
disease burden, acknowledging that these conditions can sig
nificantly impact functional limitations and quality of life re
gardless of disease activity status. This integrated approach 
aims to identify distinct patient subgroups and understand 
how different combinations of disease characteristics, comor
bidities and PROs contribute to overall disease burden.

Methods
Data source
The COVAD-2 dataset, generated by the COVAD study 
group, was employed for this study. The dataset was derived 
from a global e-survey that was patient self-reported, exten
sively pilot tested, validated and translated into 18 languages. 
The detailed methodology of the survey has been previously 
published. The COVAD study group comprised 156 physi
cians across healthcare centres in 109 countries, with data 
collected by contacting patient cohorts seen by collaborators 
in their clinics or via patient support groups [19].

Ethics approval
The study was approved by the Institutional Ethics 
Committee of the Sanjay Gandhi Postgraduate Institute of 
Medical Sciences, Lucknow (IEC code: 2021-143-IP-EXP-39) 
and informed consent was obtained by all participants.

Study population
The study included patients with a self-reported diagnosis of 
RA, PsA or AS who were undergoing active treatment with 
conventional synthetic DMARDs (csDMARDs) and/or bio
logic DMARDs (bDMARDs).

Data collection and variables
Data were collected between January and August 2022, 
extracted in August 2022 and the responses were screened. 
Data were then extracted from the COVAD-2 e-survey, 
which included information on patient demographics, diag
nosis, disease activity, PROMIS scores, comorbidities and 
therapies. Among comorbidities, the presence of complex 
multimorbidity with mental health disorders (MHDs) was 
also extracted. The PROMIS scores assessed were global 
physical health, global mental health, physical function short 
form 10a (SF10a) and fatigue 4a [21]. Active disease was de
fined as the patient’s perception of their disease as active in 
the 4 weeks prior to the survey.

Data cleaning and preprocessing
The survey responses were carefully screened and duplicate 
or incomplete responses were excluded. Data variables were 
categorized for assessment. The diagnosis of RA, PsA or AS 
was verified by rheumatologists. For patients reporting multi
ple diagnoses, the most likely diagnosis was determined based 
on the described symptoms to avoid erroneous or incom
plete entries.

Statistical analysis
Descriptive statistics were used to summarize patient charac
teristics, with continuous variables reported as mean and S.D. 
for normally distributed variables. Categorical variables were 
expressed as numbers and percentages. Comparisons of PROs, 
age and sex between the RA, PsA and AS groups were per
formed separately for patients with active and inactive disease 
to explore potential differences among the three groups. 
Analysis of variance (ANOVA) with Bartlett’s test and Tukey’s 
test for post hoc pairwise comparisons were used for continu
ous variables such as age and sex, while the chi-squared test 
was employed for categorical variables. Moreover, to account 
for potential confounding by age and sex, we performed multi
variate linear regression analysis, allowing us to compare the 
PROs across the disease groups while adjusting for these de
mographic factors.

Unsupervised ML techniques
Historically, principal component analysis (PCA) has been 
used for dimensionality reduction of large datasets [22]. It 
obtains the components by standardizing the values, building 
the covariance matrix and, from there, getting the eigenvalues 
and eigenvectors. PCA arrives at the final components that 
explain most of the variability in the dataset. Therefore, these 
new components can be considered linear combinations or 
composites of the original values. PCA works well with con
tinuous variables, but variability in the dataset might fail to 
be depicted when categorical data are present, as in the 
COVAD-2 dataset.

To overcome such an issue, we implemented factor analysis 
with mixed data (FAMD), a generalization of PCA that can 
be deployed on large datasets with qualitative and quantita
tive variables. FAMD was implemented in a Python version 
3.9 environment using Prince version 0.7.1, scipy version 
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1.9.3, scikit-learn version 1.1.3 and numpy version 1.23.2 on 
a MacBook Pro with Apple Silicon M1MAX 64 GB RAM.

The original COVAD-2 dataset included 2561 observations 
and 196 features. Briefly, accurate preprocessing with feature 
standardization and autocorrelation check was carried out for 
continuous variables. Observations with missing data were ab
lated. The Prince library automatically one-hot encoded any cate
gorical variable and then divided it by the square root of the 
probability. The variable was then centred (i.e. subtraction of the 
mean). A PCA was then run on such adjusted features. One hun
dred repeats with different seeds were carried out and the 95% 
CI of the bootstrapped eigenvalues distribution was used to deter
mine the number of FAMD components to retain for clustering 
(10 components were retained). To define the number of clusters, 
hierarchical clustering on principal components [23] was per
formed using Ward’s criterion and a Euclidean distance metric 
on the selected FAMD principal components. The intercluster in
ertia gain was used to determine the optimal division level.

To assess the relative importance of different features in deter
mining cluster assignments, we employed an eXtreme Gradient 
Boosting (XGBoost) model. The model was trained to predict 
cluster assignments using the same set of clinical features used in 
the initial clustering analysis. Feature importance scores were cal
culated based on their contribution to the model’s prediction ac
curacy, providing insights into which characteristics were most 
influential in distinguishing between patient clusters.

After clustering, differences among the obtained clusters 
were evaluated using the same statistical tests (ANOVA with 
Tukey’s test for continuous variables and chi-squared test for 
categorical variables) for PROs; the prevalence of RA, PsA 
and AS; depression; comorbidities; age and sex (Fig. 1).

Results
Descriptive statistics
The study included a total of 2561 patients with inflamma
tory arthritis, comprising 1907 with RA, 311 with PsA and 
343 with AS. The demographic and clinical characteristics of 
the study population are presented in Table 1.

The majority of patients across all three groups were fe
male, with the highest percentage in the RA group (87.6%), 
followed by the PsA group (67.2%) and the AS group 
(36.7%). The mean age of patients was lower in the AS group 
[43.1 years (S.D. 12.8)] compared with the RA [50.9 years (S. 
D. 13.7)] and PsA [50.4 years (S.D. 12.7)] groups.

Comorbidities were common across all groups: 42.9% of RA 
patients, 56.0% of PsA patients and 38.3% of AS patients 
reported at least one comorbid condition. Depression was the 

most frequently reported mental health disorder, especially in the 
PsA group (22.2%), followed by the RA (14.8%) and AS 
(10.8%) groups. The prevalence of complex multimorbidity, in
cluding mental health disorders, was similar across the groups.

In terms of treatment, steroid use was more frequent in 
the RA group (31.1%) than in the PsA (12.2%) and AS 
(15.2%) groups. Methotrexate was the most commonly used 
csDMARD, with the highest use in the RA group (45.6%), 
followed by the PsA (35.4%) and AS (19.5%) groups. 
bDMARDs, especially anti-TNF agents, were used more fre
quently in the PsA and AS groups, while anti-TNF use was 
lower in the RA group (11.5%) compared with PsA (21.5%) 
and AS (25.7%) groups. Janus kinase (JAK) inhibitors, a tar
geted synthetic DMARD class, were used most in the AS 
group (5.3%) and least in the PsA group (1.6%).

PROs in active and inactive disease
To evaluate the impact of disease activity on PROs, we com
pared age, sex distribution and the PROMIS scores among 
patients with RA, PsA and AS, stratified by disease activity 
status (active or inactive) (Tables 2 and 3).

Active disease
In patients with active disease (Table 2), we observed significant 
differences in age and sex distribution across the disease groups. 
Patients with active AS were significantly younger [mean age 
42.12years (S.D. 15.39)] compared with those with active PsA 
[53.76years (S.D. 13.71), P< 0.01] and active RA [50.28years (S. 
D. 13.21), P< 0.01]. The proportion of female patients was also 
significantly higher in the active PsA group (73.9%) compared 
with the active AS group (62.9%, P<0.01). Female patients con
sistently reported worse PROMIS scores and higher pain levels 
compared with male patients across all disease groups (P<0.001 
for all comparisons). After adjusting for these demographic differ
ences (sex, age) using a multivariate linear regression model, we 
found no statistically significant differences in the PROMIS global 
physical health, global mental health, fatigue 4a and physical func
tion SF10 scores among the three active disease groups (RA, PsA 
and AS). The mean visual analogue scale (VAS) pain scores were 
also similar across the active disease groups.

Inactive disease
Among patients with inactive disease (Table 3), age and sex 
distributions again varied significantly. Patients with inactive 
PsA [50.81 years (S.D. 12.02)] and RA [52.14 years (S.D. 
13.41)] were significantly older than those with inactive AS 
[43.46 years (S.D. 12.82), P< 0.001 for both). The proportion 

Figure 1. Workflow chart of the study methodology 
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of female patients was also significantly higher in the inactive 
RA group (88%) compared with the inactive PsA (63.7%) 
and AS (38.4%) groups (P<0.001 for both). Similar to the 
active disease group, female patients consistently demon
strated poorer scores across all PROMIS domains and higher 
pain levels compared with male patients (P< 0.001 for all 
comparisons). Also in this case, the multivariate regression 
analysis showed no statistically significant differences in the 
VAS pain, PROMIS global physical health, global mental 
health, fatigue 4a and physical function SF10a scores be
tween the inactive disease groups of RA, PsA and AS.

Cluster analysis
Unsupervised hierarchical clustering on principal components 
was performed to identify distinct patients subgroups based 
on their comorbidity profiles and PROMIS outcomes. Four 
clusters were so identified: low burden, comorbid PsA/AS, 

low burden with depression and high-burden RA (Fig. 2, 
Table 4).

The XGBoost model revealed that PROMIS global physi
cal health was the most influential feature in determining 
cluster assignments (Supplementary Fig. S1, available at 
Rheumatology Advances in Practice online). Depression 
emerged as the second most important feature, followed by 
diagnosis (0.10) and PROMIS physical function SF10a score. 
PROMIS global mental health, fatigue 4a and comorbidities 
showed moderate importance, while disease activity status, 
pain, age and gender demonstrated relatively lower impor
tance in cluster determination.

Significant differences were observed in age, sex and diag
nosis distributions among the clusters. Patients in the high- 
burden RA cluster were older [53.97 years (S.D. 12.72)] com
pared with those in the comorbid PsA/AS [47.94 years (S.D. 
12.23)] and low burden with depression [48.76 years (S.D. 
13.35)] clusters. The proportion of female patients was high
est in the high-burden RA cluster (91.95%) and lowest in the 
comorbid PsA/AS cluster (76.19%, P<0.001). RA predomi
nated in the high-burden RA cluster (98.86%), while PsA 
was most frequent in the comorbid PsA/AS cluster (57.65%). 

Table 1. Demographic and clinical characteristics of the study population

Characteristics RA PsA AS

Avg. obs. Avg. obs. Avg. obs.

Female, n (%) 1907 1671 (87.62) 311 209 (67.20) 343 126 (36.73)
Age, years, mean (S.D.) 1907 50.95 (13.67) 311 50.42 (12.70) 343 43.13 (12.75)
Comorbidities, n (%) 1907 821 (42.99) 311 174 (55.96) 343 129 (38.29)
Depression, n (%) 1907 282 (14.79) 311 69 (22.19) 343 37 (10.79)
Complex multimorbidity with MHDs, n (%) 1907 110 (5.77) 311 24 (7.72) 343 21 (6.12)
Steroids, n (%) 1761 547 (31.06) 284 46 (12.20) 302 46 (15.23)
Methotrexate, n (%) 1907 870 (45.62) 311 110 (35.37) 343 67 (19.53)
Anti-TNF, n (%) 1907 220 (11.54) 311 67 (21.54) 343 88 (25.66)
JAK inhibitor, n (%) 1907 68 (3.57) 311 5 (1.61) 343 18 (5.25)

MHDs: mental health disorders; ns: not significant; avg. obs.: average observed.

Table 2. PROs in patients with active RA, PsA and AS

PROs RA (n¼ 189) PsA (n¼ 38) AS (n¼35)

Mean S.D. Mean S.D. Mean S.D.

PROMIS global 
physical health

11.24 3.41 10.10 2.76 11.05 3.19

PROMIS global 
mental health

11.89 3.30 10.84 3.63 11.31 3.26

PROMIS fatigue  
4a

11.75 4.68 12.84 4.42 12.94 4.87

PROMIS physical 
function SF10

34.90 9.80 33.52 8.76 35.82 9.62

VAS pain 4.68 2.61 5.0 2.54 4.68 2.77

Table 3. PROs in patients with inactive RA, PsA and AS

PROs RA (n¼ 1167) PsA (n¼ 179) AS (n¼185)

Mean S.D. Mean S.D. Mean S.D.

PROMIS global 
physical health

12.48 2.90 12.43 3.27 13.13 2.95

PROMIS global 
mental health

12.84 3.17 12.97 3.33 13.31 3.36

PROMIS fatigue  
4a

10.45 4.08 10.58 4.22 9.4 4.13

PROMIS physical 
function SF10

37.79 8.86 39.27 9.01 41.13 7.39

VAS pain 3.87 2.45 4.04 2.50 3.34 2.39

Figure 2. Dendrogram of the unsupervised hierarchical clustering on 
principal components of patients with RA, PsA and AS based on their 
comorbidity profiles and PROMIS scores. The coloured boxes indicate the 
assignment of patients to the four identified clusters 
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AxSpA was distributed across the clusters but was most prev
alent in the comorbid PsA/AS (42.35%) cluster.

The low-burden cluster [n¼560, 52.81 years (S.D. 13.88), 
80.90% female] included patients with fewer comorbidities 
(52.32%) and no depression. RA was the most common diag
nosis (71.96%), followed by PsA (13.21%) and AS 
(14.82%). This cluster exhibited better PROMIS outcomes, 
with global physical health [11.28 (S.D. 1.53)], global mental 
health [12.14 (S.D. 2.24)] and physical function SF10 [34.97 
(S.D. 6.59)] scores significantly higher than in the comorbid 
PsA/AS and high-burden RA clusters (P<0.001). VAS pain 
was also lower [4.91 (S.D. 1.85), P<0.001].

The comorbid PsA/AS cluster [n¼85, 47.94 years (S.D. 
12.23), 76.19% female] was characterized by a high preva
lence of PsA (57.65%) and AS (42.35%), with no RA 
patients. This cluster had the highest burden of comorbidities 
(56.47%) and a high prevalence of depression (41.18%). 
PROMIS outcomes were poorer, with global physical health 
[8.21(S.D. 1.81)], global mental health [8.40 (S.D. 2.07)] and 
physical function SF10 [30.55 (S.D. 9.12)] scores significantly 
lower than in the low-burden and low burden with depres
sion clusters (P<0.001). VAS pain was higher [6.26 (S.D. 
2.96), P<0.001].

The low burden with depression cluster [n¼884, 
48.76 years (S.D. 13.35), 76.16% female] predominantly in
cluded patients with RA (78.28%) but also had smaller pro
portions of PsA (10.41%) and AS (11.31%). While 
depression was present in 12.78% of this group, the burden 
of comorbidities was relatively low (29.86%). PROMIS 
scores were the best among all clusters, with global physical 
health [14.06 (S.D. 2.03)], global mental health [14.65 (S.D. 
2.50)] and physical function SF10 [43.94 (S.D. 4.73)] signifi
cantly higher than in other clusters (P<0.001). PROMIS fa
tigue 4a [7.89 (S.D. 2.87)] and VAS pain [2.37 (S.D. 1.91)] 
were the lowest (P<0.001).

The high-burden RA cluster [n¼264, 53.97 years (S.D. 
12.72), 91.95% female] was almost exclusively composed of 
RA patients (98.86%), with minimal representation of PsA 
(0.76%) or AS (0.38%). This cluster had the highest preva
lence of comorbidities (69.7%) and depression (41.67%). 
PROMIS outcomes were the poorest, with global physical 

health [8.33 (S.D. 1.61)], global mental health [8.99 (S.D. 
2.56)] and physical function SF10 [25.91 (S.D. 7.43)] scores 
significantly lower than in other clusters (P<0.001). VAS 
pain was also significantly higher [6.51 (S.D. 1.79), P<0.001].

The clusters showed distinct patterns in disease activity sta
tus, with the low burden with depression cluster having the 
highest proportion of inactive disease (92.0%), followed by the 
low-burden cluster (84.6%), high-burden RA cluster (72.0%) 
and comorbid PsA/AS cluster (63.5%). Supplementary Tables 
S1 and S2, available at Rheumatology Advances in Practice on
line show the distribution of inactive disease and active disease 
patients, respectively, among the four clusters.

Discussion
The present study explored the disease burden in patients 
with RA, PsA and AS through the cluster analysis of data 
from the COVAD-2 e-survey, focusing particularly on PROs 
assessed using the PROMIS. The PROMIS is a well-validated 
and standardized set of PRO measures that cover various 
domains of physical, mental and social health. The use of 
PROMIS, including global physical health, global mental 
health, fatigue 4a and physical function SF10, allowed for 
meaningful comparisons across different patient populations 
and disease states, providing a comprehensive assessment of 
the patient experience. Notably, female patients consistently 
reported worse PROMIS scores and higher pain levels across 
all disease groups and activity states, highlighting the sub
stantial impact of gender on disease burden perception. This 
finding aligns with previous research demonstrating gender- 
specific differences in pain perception and functional limita
tions in rheumatic diseases [24–26]. Moreover, it underscores 
the critical importance of considering gender when evaluating 
disease burden and planning therapeutic strategies.

Our analysis revealed no significant differences in PROMIS 
scores among the three groups, regardless of whether the dis
ease was active or inactive, after adjusting for demographic 
confounding factors like age and sex. This finding highlights 
the shared experiences of disease burden among patients with 
RA, PsA and AS. In active disease, the physical and mental 
impacts, fatigue levels and physical function limitations were 

Table 4. Features of the four patient clusters identified through unsupervised hierarchical clustering on principal components. The clusters are compared 
in terms of age; sex; prevalence of RA, PsA and AS; PROMIS scores (global physical health, physical function SF10, global mental health, and fatigue 4a), 
VAS pain, comorbidities and depression.

Features Cluster 1  
(low burden)

Cluster 2  
(comorbid PsA/AS)

Cluster 3 (low burden  
with depression)

Cluster 4  
(high-burden RA)

P-value

Obs. Obs. Obs. Obs.

Age, years, mean (S.D.) 553 52.81 (13.88) 84 47.94 (12.23) 874 48.76 (13.35) 263 53.97 (12.72) <0.001
Female, n (%) 555 449 (80.90) 84 64 (76.19) 881 671 (76.16) 261 240 (91.95) <0.001
RA, n (%) 560 403 (71.96) 85 0 (0) 884 692 (78.28) 264 261 (98.86) <0.001
PsA, n (%) 560 74 (13.21) 85 49 (57.65) 884 92 (10.41) 264 2 (0.76) <0.001
AS, n (%) 560 83 (14.82) 85 36 (42.35) 884 100 (11.31) 264 1 (0.38) <0.001
PROMIS global physical health, mean (S.D.) 560 11.28 (1.53) 85 8.21 (1.81) 884 14.06 (2.03) 264 8.33 (1.61) <0.001
PROMIS physical function SF10, mean (S.D.) 560 34.97 (6.59) 85 30.55 (9.12) 884 43.94 (4.73) 264 25.91 (7.43) <0.001
PROMIS global mental health, mean (S.D.) 560 12.14 (2.24) 84 8.40 (2.07) 884 14.65 (2.50) 264 8.99 (2.56) <0.001
PROMIS fatigue 4a, mean (S.D.) 560 11.58 (3.07) 84 16.07 (2.74) 884 7.89 (2.87) 264 15.81 (2.01) <0.001
VAS pain, mean (S.D.) 560 4.91 (1.85) 85 6.26 (2.96) 884 2.37 (1.91) 264 6.51 (1.79) <0.001
Depression, n (%) 560 0 (0) 85 35 (41.18) 884 113 (12.78) 264 110 (41.67) <0.001
Comorbidity, n (%) 560 293 (52.32) 85 48 (56.47) 884 2464 (29.86) 264 184 (69.7) <0.001
Inactive disease, n (%) 560 474 (84.64) 85 54 (63.53) 884 813 (91.97) 264 190 (71.97) <0.001

Obs.: observed.

6                                                                                                                                                                                                               Vincenzo Venerito et al. 

https://academic.oup.com/rheumap/article-lookup/doi/10.1093/rap/rkaf031#supplementary-data
https://academic.oup.com/rheumap/article-lookup/doi/10.1093/rap/rkaf031#supplementary-data
https://academic.oup.com/rheumap/article-lookup/doi/10.1093/rap/rkaf031#supplementary-data


similar across groups. In inactive disease, while clinical remis
sion was achieved, residual symptoms such as fatigue, pain 
and reduced physical function persisted at comparable levels 
across conditions, emphasizing the need for a more holistic 
approach to patient care.

The unsupervised hierarchical clustering analysis identified 
four distinct patient clusters based on comorbidity profiles 
and PROMIS outcomes among patients. The comorbid PsA/ 
AS and high-burden RA clusters were characterized by a 
higher prevalence of comorbidities and depression, as well as 
poorer PROs. Comorbid PsA/AS comprised patients with 
PsA and AS who had depression and comorbidities, resulting 
in lower PROMIS global physical health and global mental 
health scores, as well as higher PROMIS fatigue 4a scores. 
High-burden RA consisted mainly of RA patients with de
pression and comorbidities, also exhibiting poorer PROs. 
The low-burden and low burden with depression clusters in
cluded patients with RA, PsA and AS who had better PROs. 
Low burden represented patients with a lower burden of 
comorbidities and better health status, as indicated by higher 
PROMIS global physical health and global mental health 
scores, as well as lower PROMIS fatigue 4a scores. Low bur
den with depression included patients with a higher preva
lence of mental health disorders but relatively better physical 
health status compared with the comorbid PsA/AS and high- 
burden RA clusters.

Thus the clustering analysis is consistent with previous 
studies that have demonstrated the negative impact of comor
bidities, particularly mental health disorders, on health out
comes and quality of life in patients with rheumatic diseases 
[11–13, 27, 28]. Comorbid PsA/AS and high-burden RA are 
thereby characterized by a higher comorbidity burden and 
depression prevalence, while demonstrating consistently 
poorer PROs regardless of the underlying rheumatic diagno
sis. This finding suggests that the presence of comorbidities, 
particularly depression, might be a more important determi
nant of patient outcomes than the specific type of inflamma
tory arthritis. The similar PRO patterns observed in these 
clusters, despite different underlying diagnoses, suggest com
mon pathways of disease impact that might benefit from sim
ilar therapeutic approaches.

Moreover, the feature importance analysis using XGBoost 
revealed a hierarchical structure of factors influencing clus
ters assignment, with PROMIS global physical health emerg
ing as the strongest determinant, followed by depression and 
diagnosis. The prominence of depression as the second most 
important feature is particularly noteworthy and aligns with 
growing evidence regarding the bidirectional relationship be
tween mental health and inflammatory diseases [29, 30].

These findings have several important implications for clin
ical practice. First, they support the need for routine screen
ing of depression and other comorbidities in all patients with 
inflammatory arthritis, regardless of their diagnosis or dis
ease activity status. The high feature importance score for de
pression suggests that mental health assessment should be an 
integral part of routine care. Second, the identification of dis
tinct patient clusters suggests that treatment strategies might 
be more effectively organized around patient profiles rather 
than diagnostic categories alone. For instance, patients in the 
comorbid PsA/AS and high-burden RA groups might benefit 
from more intensive psychological support and comorbidity 
management alongside their standard rheumatologic care.

The study has several limitations that should be acknowl
edged. First, the data were collected through a patient self- 
reported e-survey, which may be subject to recall bias and 
misclassification. However, the survey was extensively pilot 
tested, validated and translated to minimize these risks. 
Second, the number of patients with active disease was rela
tively small, which may limit the generalizability of the find
ings in this subgroup. Third, the study relied on patients’ self- 
reported perception of disease activity rather than objective 
disease activity measures, such as the 28-joint DAS for RA or 
the Ankylosing Spondylitis Disease Activity Score for AS. 
While patient-reported disease activity provides valuable 
insights into the patient experience, future studies should con
sider incorporating both patient-reported and objective meas
ures for a more comprehensive assessment. Lastly, the analysis 
did not account for disease duration, which may influence 
PROs and comorbidity burden. Future research should explore 
the impact of disease duration on the observed outcomes.

Despite these limitations, the study has several strengths. 
The COVAD-2 e-survey collected data from a large, diverse 
and multinational cohort of patients with RA, PsA and AS, 
enhancing the generalizability of the findings. The use of the 
PROMIS measures, which are well-validated and standard
ized PRO assessment tools, allows for meaningful compari
sons across different patient populations and disease states. 
Furthermore, the unsupervised hierarchical clustering analy
sis provides a novel approach to identifying patient sub
groups with distinct comorbidity profiles and PROs, enabling 
a more personalized understanding of the disease burden.

Conclusion
This study demonstrates that disease burden in inflammatory 
arthritis is determined by a complex interplay of factors, with 
physical health status and depression playing particularly cru
cial roles. The identification of distinct patient clusters, pri
marily driven by these factors, suggests the need for a 
paradigm shift in how we approach patient care in rheumatol
ogy. The finding that PROMIS global physical health and de
pression are the strongest determinants of patient clustering 
calls for a more integrated approach to patient care that places 
equal emphasis on physical and mental health. Future re
search should focus on several key areas. First, longitudinal 
studies are needed to understand how these patterns of disease 
burden evolve over time and respond to various therapeutic 
interventions. Second, intervention studies should evaluate the 
effectiveness of targeted approaches for the specific patient 
subgroups identified through this analysis. Finally, implemen
tation research is needed to determine how best to integrate 
routine screening for depression and other key determinants 
of disease burden into standard rheumatology care.
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