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ABSTRACT

Objectives We aimed to delineate phenotypes in hand osteoarthritis (HOA) based on cardinal
symptoms (pain, functional limitation, stiffness, aesthetic discomfort).

Methods: With data from the DIGItal COhort Design (DIGICOD), we performed hierarchical
agglomerative clustering analysis based on Australian/Canadian HOA index sub-scores
(AUSCAN) for pain, physical function, stiffness, and visual analogue scale for aesthetic
discomfort. Kruskal-Wallis and Post-Hoc analyses were used to assess differences between
clusters.

Results: Among 389 patients, we identified five clusters: cluster 1 (N=88) and cluster 2 (N=91)
featured low and mild symptoms; cluster 3 (N=80) isolated aesthetic discomfort; cluster 4 (N=42)
a high level of pain, stiffness, and functional limitation; and cluster 5 (N=88) the same features as
cluster 4 but with high aesthetic discomfort. For clusters 4 and 5, AUSCAN pain was > 41/100
representing only one-third of our patients. Aesthetic discomfort (clusters 3 and 5) was
significantly associated with erosive HOA and a higher number of nodes. The highly symptomatic
cluster 5 was associated but not significantly with metabolic syndrome, and body mass index and
C-reactive protein level did not differ among clusters. Symptom intensity was significantly
associated with joint destruction as well as with physical and psychological burden. Patients’ main
expectations differed among clusters, and function improvement was the most frequent
expectation overall.

Conclusions: The identification of distinct clinical clusters based on HOA cardinal symptoms
suggests previously undescribed subtypes of this condition warranting further study of biological
characteristics of such clusters and opening a path toward phenotype-based personalized medicine

in HOA.
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Significance and Innovation
- Symptoms management is the primary goal of hand osteoarthritis care and there is a critical
need for better delineation.
- This study identified 5 clusters in hand osteoarthritis based on symptoms (pain, stiffness,
physical function, and aesthetic discomfort) identifying very distinct patient’s profiles.
- Our results could help investigators design future clinical trials, leading toward

symptomatic phenotype-based personalized care in hand osteoarthritis.

95U8017 SUOLUIOD SAIIE1D) 9|gedldde ay) Ag peuienob e sajoiLe O ‘osn JO'Sajni 10} Ak 8UlUO AS[IAA UO (SUONIPUOI-PUE-SWLBHWOD™AS | IMAJeJg|1}BulJuo//Sa1y) SUONIPUOD PUe SIS 1 841 89S *[2202/TT/L0] Uo ArIqi]auIuO AS|IM ‘270G 13e/200T OT/I0p/ W09 A 1M Aleld1jouljuo//Scy Wwouy pepeojumoq ‘el ‘859rTSTZ



INTRODUCTION

Osteoarthritis (OA) is the most frequent joint disease and a leading cause of pain and disability
worldwide (1). The most common localization of OA is the hand, with an estimated prevalence of
8% and a lifetime risk of 39% for symptomatic hand OA (HOA) (2). HOA is classified by the
American College of Rheumatology (ACR) criteria according to the clinical features of hand pain,
aching or stiffness associated with hard-tissue enlargement of the distal interphalangeal, proximal
interphalangeal, and/or first trapeziometacarpal joints, with some involvement of
metacarpophalangeal joints (3). HOA is also characterized by typical radiographic hallmarks (joint

space narrowing, osteophyte formation and bone remodeling, and malignment) (4).

HOA is a heterogeneous disease considering its risk factors such as sex, obesity, diabetes, or HOA
family history (5) but also because of its distinct clinical presentation based on radiographic
features (4,6). Likewise, we usually separate first carpometacarpal joint OA (i.e., rhizarthrosis)
and nodal OA (7) and also non-erosive and erosive HOA (8). Nonetheless, the clinical assessment
of patients with HOA indicates that HOA is also heterogeneous in terms of symptoms assessed by

patient-related outcomes (PROs).

HOA symptoms are joint pain, functional limitation and stiffness leading to impairment in
everyday life activities. The aesthetic discomfort of HOA has also been emphasized as an
underestimated symptom (9). The variability of intensity of symptoms is wide, ranging from
asymptomatic to highly symptomatic. So far, this heterogeneity is poorly studied and is not
considered in current HOA phenotypes. However, recommendations for HOA management are

driven by these symptoms (10). Despite their importance for diagnosis, assessment and therapeutic
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management and their evident heterogeneity, HOA symptoms remain understudied. Thus, a better
description of HOA symptoms and their associated features could lead to improved disease

monitoring and therapeutic strategies.

The main objective of our study was to delineate the main clinical symptomatic phenotypes of
HOA patients by using integrative analysis methods such as hierarchical clustering analysis based
on the cardinal symptoms (i.e., pain, functional limitation, morning stiffness, aesthetic discomfort)
reported by patients with HOA. Secondary objectives were to compare the clinical, radiographic,

and biological features of the so-delineated clinical clusters.

PATIENTS AND METHODS

The DIGICOD cohort

The DIGItal COhort Design (DIGICOD) is a monocentric French university hospital-based
prospective cohort of patients with symptomatic HOA (ClinicalTrials.gov: NCT01831570) (11) .
Patients were included between April 2013 and June 2017. HOA patients underwent a clinical
assessment of the hand, a general examination, blood sampling and hand radiography at baseline.
Hand radiographs were scored by Kellgren-Lawrence (KL) grade (12) and the anatomical
Verbruggen-Veys score (13). The present study involves the database for the baseline visit and has
been reported according to the STROBE checklist for observational cohorts (https://www.strobe-

statement.org/).
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Inclusion and exclusion criteria

The inclusion criteria were age > 35 years, a diagnosis of symptomatic HOA according to the ACR
criteria (3) and one of the following: (i) > 2 symptomatic joints among proximal or distal
interphalangeal joints, (ii) radiographic KL grade > 2 for the first interphalangeal joint, (iii)
radiographic KL grade > 2 for symptomatic thumb-base OA. The study was proposed to patients
in a center specialized in HOA in the rheumatology department of Saint-Antoine hospital and in
other hospitals of the Assistance Publique—Hopitaux de Paris (AP-HP) but also from private
practice, public conferences, and media advertisements. Patients were required to be part of the
French social security system and to be able to understand and complete the different surveys in

French. There was no pain or other symptom threshold for inclusion.

The main exclusion criteria were inflammatory destructive arthritis (rheumatoid arthritis or
psoriatic arthritis), hand crystal-induced arthropathies, secondary HOA related to infection, trauma
or rare genetic disorder, pregnancy and breastfeeding, and patient under protective measure or
unable to express their consent. All participants provided their written informed consent before
entering the cohort. The trial obtained all the regulatory and ethics validation from the local
regulatory committee (Comité de Protection des Personnes, Paris fle-de-France IV). Patients and
the public were involved in the reporting of the study, ensured by communications through

patient's associations and dedicated general articles to the public.
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Variable selection

For identifying clinical phenotypes, we focused on clinical variables related to the four cardinal
symptoms in HOA that are assessed using PROs: pain, physical function, stiffness, and aesthetic
discomfort. Pain, physical function, and stiffness intensity were assessed by using the sub-scores
of the Australian/Canadian HOA index (AUSCAN) VA3.0 self-administered questionnaire (14).
Each sub-score was normalized to a 0-100 scale. A physician assessed aesthetic discomfort with a
single question “How high do you consider the aesthetic impact of your HOA?” on a visual

analogue scale (VAS) from 0 to 100 mm (15).

To further characterise and investigate differences between phenotypes, we studied 19 clinical,
radiographical and routine biological variables available in the DIGICOD case report form
including: demographic criteria such as age and sex, HOA duration, (duration of OA referred to
HOA symptomatic period and did not include the preclinical phase), family history of HOA, body
mass index (BMI). We also included the presence or the absence of metabolic syndrome according
to the Adult Treatment Panel (ATP) III criteria (16), C-reactive protein (CRP) level was collected
and considered elevated if > 5 mg/L. We quantified grip strength on the dominant hand measured
3 times by using a Jamar hydraulic hand dynamometer, recording the higher result from the 3
testing results recorded(17). Thumb base pain was defined as the presence of spontaneous pain in
one of the two first carpometacarpal joint. The number of painful digital joints at palpation, digital
nodes and digital joints with soft tissue swelling, were assessed in a range between 0 and 30 during
a clinical examination performed by a rheumatologist in a department with HOA expertise. KL
sum score for hands (18) (0-128), the presence or absence of. erosive HOA defined as “E”

(erosion) or “R” (remodelling) phases for the Verbruggen-Veys score (13) in > 2 joints were
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measured and defined by an experimented radiologist. Patient’s main expectation regarding HOA
among pain, function, and aesthetic discomfort (only one choice possible) the Hospital Anxiety
and Depression Scale (HADS) (19) was evaluated. Finally, we evaluated patients ongoing
analgesic consumption, with paracetamol, non-steroidal anti-inflammatory drugs (NSAIDs) and

weak opioids defined as the intake of either codeine, dihydrocodeine or tramadol.

Statistical analysis

Non-supervised hierarchical agglomerative clustering analysis involved using the Ward’s linkage
method and the squared Euclidean distance. Clusters similarity and overlapping was controlled
with a dimension reduction method based on multi-dimensional scaling (Figure S1).The optimal
number of clusters was determined and confirmed by a combination of statistical criteria such as
measurement of the within-cluster sum of square (WSS) and the gap statistic method (20,21)
(Figure S2, S3) Hierarchical clustering is a deterministic algorithm and therefore reproducible.
The stability of clustering partition was assessed with a non-parametric resampling method with
two hundred bootstraps samples, cluster wise Jaccard index dispersion was calculated (22) (Figure
S4). Finally, significance of our clustering was assessed with Gaussian Null Hypothesis Test as
proposed with a Family Wise Error Rate (FWER) < 0.05 (23). Clustering analysis was performed
with no imputation on missing values. Quantitative variables were analysed with a non-parametric
Kruskal-Wallis test. The significance threshold was set at p<0.05 for statistical analysis. A Holm-
Bonferroni method was applied on adjusted p-values for correction, to ensure the robustness of

our results and limit bias associated to the multiplicity of statistical tests.
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The features comparing clusters were analysed using as a reference the pauci-symptomatic cluster
1 with the Mann-Whitney-Wilcoxon test and Pearson Chi-squared test for quantitative and
categorical variables, respectively. All analyses involved using R (R Core Team, 2013. R

Foundation for Statistical Computing, Vienna, Austria. http://www.R-project.org/).

RESULTS

Description of the population

Among the 436 patients with HOA included at baseline, data for 10 were not analysed because of
withdrawal of consent (N=1), unavailable hand radiographs (N=3) and not meeting inclusion
criteria (N=6). Among the 426 patients, 37 were excluded for missing values regarding the
AUSCAN npain, stiffness, and physical function sub-scores and the VAS score for aesthetic
discomfort (Figure 1). The mean + SD age of the cohort was 66-5+7-4 years, 84% (n=329) of the
cohort were women, the mean BMI was 25-1+4-4 kg/m?, and erosive HOA was present in 134

(34:4%) patients .

Identification of 5 clusters of patients based on cardinal HOA symptoms

For the 389 patients analysed, hierarchical agglomerative clustering allowed for identifying 5
distinct clusters including 88, 91, 80, 42 and 88 patients for clusters 1 to 5, respectively (Figure
2). Each cluster was homogeneous and distinct from each other in terms of symptom presentation.
The composition of clusters is described in Figure 3 and Table 1. Clusters 1 and 2 had low scores
for all symptoms. Cluster 1 (N=88) consisted of very low symptomatic patients and cluster 2
(N=91) patients with mild symptoms and with a slight predominance of functional impairment.

Clusters 3, 4 and 5 had high scores for one or multiple symptoms. Cluster 3 (N=80) consisted of
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http://www.r-project.org/

patients with isolated aesthetic discomfort and with a high VAS aesthetic score (mean [SD] 73-7
[20-2]) and low stiffness, pain, and function scores. Cluster 4 (N=42) patients presented high pain,
stiffness, and function sub-scores but without aesthetic discomfort. Finally, the highest
symptomatic cluster, cluster 5 (N=88), combined the features of the highly symptomatic cluster 4
with elevated aesthetic discomfort. We performed a descriptive analysis and comparison of the

different clusters, and the main messages are presented below (Table 2, Table S1, Figure S1).

Pain score was > 41/100 in one third of patients

The overall mean AUSCAN pain score was low, 25-8 (21-4)/100, and only patients in clusters 4
and 5 (N=122/389) had a mean AUSCAN pain score > 41. The number of painful joints upon
palpation significantly differed among the clusters. Accordingly, the mean number of painful joints
upon palpation was higher in clusters 4 and 5 than in the low symptomatic cluster 1 (7-2 [6-0] and
6:7[4:9] vs 2:6 [3-4]). If the consumption of oral analgesics did not significantly differ between
clusters, patients in cluster 4 and 5 presented a higher intake of weak opioids respectively (N =

(15%) and N = (14.7 %) compared to cluster 1 (3.44 %).

Association of symptom intensity, joint destruction, and sex

The KL sum score for both hands significantly differed among clusters. The reference cluster 1
presented the lowest structural severity based on the KL sum score (mean 37-9/128 [17-5]) as
compared with both highly symptomatic clusters 4 and 5 (48-9/128 [16-0], and 54-6/128 [14-3])
and as compared with the aesthetic-only cluster 3 (48-0/128 [17-2]).

Similarly, the male/female proportions significantly differed among the groups. The proportion of

women was higher in the symptomatic clusters 3, 4, and 5 than cluster 1, with (N=74/80, 92-5%)
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in cluster 3, (N=37/42, 88:1%) in cluster 4 and (N=84/88, 95-5%) in cluster 5 as compared with
cluster 1 (N=62/88, 70-5%). HOA duration and age also differed among the clusters. Mean HOA
duration was higher in cluster 2 (12-7 [9-7] years), cluster 3 (136 [9-5]), cluster 4 (14-0 [9-4]
years) and cluster 5 (16-9 [10-8] years) than cluster 1 (8-3 [6-6]). Patients were older in clusters 4

and 5 than cluster 1 (mean age 68-3 [7-3], 68-6 [6-4], 64-9 [9-0] years).

Aesthetic discomfort was associated with erosive HOA and nodes

The proportion of patients with erosive HOA significantly differed among the clusters and was
overrepresented in clusters with high aesthetic discomfort, whereas in cluster 1, 19/88 (21:6%)
patients had erosive HOA patients. Indeed, although the number of patients with erosive HOA was
19/88 (21:6%) in cluster 1, it was 31/80 (38:8%) in cluster 3 (i.e., aesthetic only cluster) and
N=43/88 (48:9%) in the highly symptomatic cluster 5 (p=0-0003). The number of nodes also
significantly differed among the clusters. Aesthetic discomfort was associated with a higher
number of digital joint nodes in cluster 3 (mean 13-1/30 [6-8]) and cluster 5 (14-8/30 [7-8]) than

cluster 1 (10-1/30 [6-8]).

Highly symptomatic cluster associated with metabolic syndrome

Metabolic syndrome did not significantly differ among the clusters but the number of patients with
metabolic syndrome was higher in the highly symptomatic cluster 5 than in the low symptomatic
cluster 1 (N=40/88, 45-4%, vs N=23/88, 26-1%, p=0-013). Although the overall mean number of
swollen joints was low in our cohort (1-1/30 [2-1]), it significantly differed among clusters and
patients in the highly symptomatic cluster 5 with aesthetic discomfort had a higher number of

swollen joints than those in cluster 1 (1-7/30 [1-8] vs 0-8/30 [1-8]). Of note, the clusters did not
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differ significantly in BMI or CRP level. The number of patients with elevated CRP level was

higher but not significantly in cluster 5 than in cluster 1 (N=11/88, 12:5%, vs N=4/88, 4:5%).

Function impairment was associated with thumb base pain

The proportion of patients with thumb base pain significantly differed among the cluster and was
over-represented in cluster presenting function impairment. Cluster 2 characterized by isolated
mild function impairment, presented higher thumb base pain compared to cluster 1 (N = 28
(30-8%) vs N = 12 (13:6%), p = 0-:019). Similarly, cluster 4 and cluster 5 presented a higher
proportion of thumb base pain compared to cluster 1 (N =10 (23.8 %) p=0.23, N=26 (29.5p =

0.017).

Symptom intensity was associated with physical and psychological burden

Grip strength of the dominant hand significantly differed among the clusters with a decrease in
strength for patients with high symptom intensity in clusters 3, 4, and 5. The mean grip strength in
cluster 1 was 31-8 [14-8] kg, which was higher than in the other symptomatic clusters (cluster 3:
24-0[9-3] kg, cluster 4: 21-9 [10-6] kg and cluster 5: 21-8 [11-7] kg).

Similarly, anxiety and depression measured by the HADS significantly differed among the clusters
and was higher in clusters 4 and 5 than cluster 1. The mean HADS score was 10-7 (5-3) for cluster

1 and 14-0 (6-5) and 15-0 (6-6) for clusters 4 and 5.

Patients’ overall main expectation was physical function
We asked patients about their main expectation for treatment, with a unique answer among

aesthetic, physical function, and pain. Patients’ main expectations significantly differed among
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clusters. Function was the overall main expectation in all clusters except in the highly symptomatic
cluster 5, for which it was pain relief. Although in cluster 3, the leading complaint was aesthetic
discomfort, aesthetics was not the main expectation for treatment because it involved 18/80
(22:5%) patients, whereas function and pain involved 32/80 (40%) and 30/80 (37-5%) patients,

respectively.

DISCUSSION

We have proposed a computational approach to delineate the heterogeneity of HOA based on self-
reported symptoms and the hierarchical clustering method. We identified 5 distinct clinical clusters
based on the four cardinal HOA symptoms: pain, physical function, stiffness, and aesthetic
discomfort. The wide variability in the intensity of these symptoms based on a simple PRO self-
assessment allowed for determining 5 groups of patients: two low and mild symptomatic clusters;
a cluster with isolated aesthetic discomfort; a cluster with high physical function, pain, and
stiffness scores; and finally, a group of patients with high scores for all symptoms. Our study also
demonstrated the complexity and diversity of symptom presentation in each patient, and we

believe innovative methods such as clustering can capture and describe this more precisely.

Usually, HOA phenotyping is based on HOA localization or radiographic data. Kloppenburg et al.
separated thumb based and interphalangeal HOA, which are clearly two different diseases in terms
of risk factors, symptoms, and treatment (24). Marshall et al. identified four HOA clusters based
on radiographic OA patterns and investigated their association with pain, function and grip
strength (7). However, this was a radiographic-driven clustering approach far from the clinical

perspective, whereas our research question was more clinically driven because we aimed to
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identify clusters according to usual symptoms that can be easily assessed by using simple PROs
such as the VAS or the AUSCAN self-administered questionnaire. Kazmers et al. identified family
clustering of erosive HOA in state-wide population, but this analysis focused on risk factors (25).
In other words, all these studies designed their clustering approach based on OA localization,
radiographic OA or risk factors, but none explored the heterogeneity of symptoms, whereas the
American College of Rheumatology and European League Against Rheumatism recommendations
are driven by the symptoms and mention that the primary goal is to control symptoms such as pain
and stiffness, optimize hand function and maximize activity participation and quality of life

(26,27).

We then compared these clusters to help delineate some key features that differed among
phenotypes. Bellamy et al. established a patient-acceptable symptomatic state (PASS) based on
the AUSCAN score, with a threshold < 41/100 (95% confidence interval [CI] 38-45) for pain,
38/100 (95% CI 33-44) for stiffness and 45 (95% CI 39-48) for physical function limitation (28).
We found that only for patients in clusters 4 and 5 (N=122/389), corresponding to one-third of our
cohort, were the mean AUSCAN sub-scores above the PASS thresholds for pain, stiffness, and
physical function. Furthermore, those patients also presented a higher intake of weak opioids
compared to other groups. These results agree with the need to better target patients with HOA in

clinical care as well as in clinical trials (29).

According to Hodkinson et al., aesthetic discomfort on a VAS can be separated into low aesthetic
concern < 34 mm, intermediate concern 34—66 mm, and high aesthetic discomfort > 66 mm (9).

In our study, we observed an on/off distribution of aesthetic discomfort: clusters 1, 2 and 4
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presented low aesthetic concerns, whereas both clusters 3 and 5 presented high aesthetic
discomfort. We observed an on/off effect in our cohort because none of the clusters presented an
intermediate concern. We confirmed an association between aesthetic discomfort nodes and
erosive HOA as previously reported (9,30). In our study, sex, depression, and radiographic
destruction were associated with increased symptom intensity but were not specific to aesthetic
discomfort. We also found an association between symptoms and joint destruction but also
between physical and psychological burden. Our findings may question the well-accepted notion

of clinical and radiographic dissociation in OA.

Even though the number of patients with metabolic syndrome did not significantly differ among
our clusters, 45-4 % of patients in the highly symptomatic cluster 5 presented a metabolic
syndrome versus 26-1% in the cluster (p=0-013). Metabolic syndrome has been associated with
HOA diagnosis in several studies, but a critical issue is whether the metabolic syndrome could
amplify the intensity of symptoms (31,32). Sanchez-Santos et al. reported that metabolic syndrome
was associated with more painful interphalangeal joints after adjustment on BMI and age, which
suggests a specific role of metabolic syndrome in HOA (33). In our study, clusters with physical
functional impairment presented significantly more thumb base pain. Fjellstad et al. described that
reduced physical function was associated to ultra-sound detected synovitis inflammation in first
carpo-metacarpal joints and not interphalangeal joints. Function was also the main patient
expectation toward treatment, except in cluster 5, for which it was pain. These results demonstrate
the importance of functional impairment as an HOA symptom and illustrate the recommendations
of the ACR/Arthritis Foundation in which exercise, self-efficacy and self-management are strongly

recommended for HOA (24).
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Our study presented some limitations. The DIGICOD study is a hospital-based cohort in which
HOA might be more severe, but patients were also recruited from private practice (18%). We
assessed the stability, the significance, and the robustness of our clustering through several
statistical methods; however, we did not externally validate our results in different HOA cohorts.
This is a cross-sectional analysis and symptoms of HOA change throughout time. Indeed, cluster
1 could represent a less evolved group because patients were younger and had a lower average
disease duration than other groups, especially cluster 5. The evolution of clusters and patient
trajectories between clusters could be investigated in longitudinal analyses using the prospective

5-year follow-up of patients included in DIGICOD.

Our study raises many therapeutic perspectives. Our results support the need to quantitatively
assess the patient with HOA by using simple PROs such as the VAS or AUSCAN. Such a precise
assessment can lead to a tailored therapeutic management according to each cluster, with adapted
exercise or self-management exercise and a focus on function but also a more pain-targeted
strategy for one-third of our cohort. Additionally, this phenotypic delineation may help better
target patient recruitment in clinical trials evaluating symptomatic drugs. Furthermore, our study

highlights the importance of function in patients’ main expectations.

In conclusion, we have identified five clinical clusters based on cardinal symptoms of HOA, which
illustrates the wide variability and heterogeneity of the clinical presentation of HOA, emphasizes
the need to clinically assess HOA patients quantitatively by using PROs for better management,

and may lead to phenotype-based personalized medicine in HOA.
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Table 1: AUSCAN sub-scores and VAS aesthetic score for clusters

Overall Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
(N=389) (N=88) (N=91) (N=80) (N=42) (N=88)
AUSCAN sub-scores
100), mean (SD)
Pain 25-8 (21+4) 7-4 (5-8) 24-4 (12-9) 14:3 (12-6) 511 (20-5) 43-8 (20-0)
Stiffness 32-5(28°1) 7-2(6:0) 24-8 (16-6) 23:4 (17-3) 75-8 (17-2) 53-5(257)
Pt ysical function 36-1 (24-9) 11-1(8-3) 389 (18-1) 22:9(15-9) 57-3(19-4) 601 (18-5)
VAS aesthetic (0-100
mm), mean (SD) 35-8 (34-4) 6-1(9-2) 11-4(13-1) 73-7(20-2) 163 (16-3) 655 (24-6)

AUSCAN, Australian/Canadian osteoarthritis hand index; VAS, visual analogue scale; SD

standard-deviation
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Table 2: Descriptive analyses of the 19 descriptive clinical, biological, and radiological

variables for clusters

Overall Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 P value Padj Missing
(%)
(N=389) (N=88) (N=91) (N=80) (N=42) (N=88)
Demographic data
Age (years), 66-5 (7-4) 649 (8-9) 65-7(7-2) 659 (6-3) 68:3(7-3)* 686 (6:4) ** 0-004 0-032 0
me n (SD)
sex, n (%) Women 329 (84-6) 62 (70-5) 72 (79-1) 74 (92-5) ***  37(88:1) * 84 (95-5) <0-001 <0-001 0
sfesksk
Men 60 (15-4) 26 (29-5) 19 (20-9) 6(7-5) 5(11-9) 4(4-5)
Inflammatory and
metabolism features
bl (kg/m?), 25-1 (4-4) 24-8 (3-9) 26:0 (5-3) 24-4 (3-6) 26:0 (3-6) 247 (4-6) 0-072 ns 13
m- n (SD)
Metabolic syndrome (ATP 136 (35:0) 23 (26°1) 30(33-0) 28 (35-0) 15(35:7) 40 (45-5) * 0-24 ns 2:6
I1I), n (%)
CRP > 5 mg/L, n (%) 34 (8:7) 4(4-5) 8(8:8) 8 (10-0) 3(7°1) 11(12-5) 0-18 ns 17
" A history
HOA duration (years), mean 12-8 (9-7) 8:3(6:6) 12:7.(97) 13:6 (9-5) *** 14-0 (9-4) 16-3 (10-8) <0-001 <0-001 31
(<) *% wx% wx%
HOA family 263 (67-6) 65 (73-9) 62 (68-1) 57 (71-2) 22 (52-4) 57 (64-8) 0-34 ns 31
_istory, n (%)
“linical examination
Main Aestheti 30(7-7) 7(8-0) * 0(0-0) * 18 (22-5) 0(0-0) 5(57) <0-001 0-001 0
expectation, n c
(%
Function 194 (49-9) 48 (54°5) 48 (52:7) 32 (40-0) 26 (61-9) 40 (45°5)
Pain 164 (42:2) 32 (364) 43 (47-3) 30 (37-5) 16 (38:1) 43 (48-9)
arip strength dominant hand ~ 26-1 (12-6) 31-8(14-8)  28:3(12:0) 24:0(9-:3) *** 219 (10-6) 21-8 (11-7) <0-001 <0-001 0
(kg), ok ook Aok
mean (SD)

Thumb base pain, n (%) g5 (21-9) 12(13-6)  28(30-8) * 9(11-2) 10(23-8)  26(29-5*  <0-001  0-0028 0
Number of swollen joints (0— 1-2(21) 0-8(1-8) 1-1(2-3) 1-4 (2:7) 0-9(1-7) 1-7(1-8) <0-001 0-002 0-3
30), mean (SD) HHE
Number of pressure pain 46 (4-5) 2:6 (3-4) 4-0 (3-5) 3:9 (3-6) ** 7-2(6:0) 67 (4'9) <0-001 <0-001 0

joints (0-30), mean (SD)

skskok

kskok

skskok
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Number of nodes (0-30), 12-3 (7-5) 10-1 (6-8) 11-0 (8-0) 131 (6-8) ** 12-7 (6:7) 14-8 (7-8) <0-001 0-002 0
mean (SD) HHE
HADS score (0-21), 12:6 (6-0) 10-7 (5-3) 11-9 (5-6) 12-1 (5:7) 14-0 (6°5) 15-0 (6-6) <0-001 <0-001 0-8
mean (SD) wx HHE

Radiographic OA

Erosive HOA (> 2 erosive 134 (34-4) 19 (21-6) 30 (33-0) 31(38-8) 11 (262) 43 (48-9) 0002 0014 0

sonts), n (%)

KL sum score for both hands ~ 46:1 (17-7)  37-9(17:5)  43-2(182) 480 (172)** 489(16:0)  54:6(143)  <0-001  <0-001 41

“ 128), mean (SD) ok Hx%

Analgesics

NSAIDs, n (%) 0-047 ns 13
83 (21-3) 9(10-2) 22 (24-2) * 17 (21-2) 10 (23:8) 25 (28-4) **

Da . 0, .

icetamol, n (%) 124 (31-9) 17(19:3) 33 (36:3) * 21 (262) 15(357)  38(43:2) ** 0.008 ns 13

Weak Opioids n (%) 0-049 ns 1.3

34(87) 3(3-4) 6(66) 6(7-5) 6(143)*  13(14-8)*

Padj, p-adjusted; SMD, standard mean difference; SD: standard-deviation, OA: osteoarthritis; BMI,
body mass index; ATP, adult treatment panel; CRP, C-reactive protein; HADS: Hospital Anxiety
and Depression Scale; KL, Kellgren-Lawrence. * are corresponding of p-values of post hoc

analysis of cluster 2-5 vs cluster 1 * p <0.05 ** p< 0.01 *** p<0.001
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FIGURE LEGENDS

Figure 1: Flow chart of the DIGICOD cohort at baseline. AUSCAN: Australian/Canadian

osteoarthritis hand index, VAS: visual analogue scale

Figure 2: Hierarchical agglomerative clustering of the 5 clinical clusters. Dendrogram and
expression heatmap of each cluster based on AUSCAN physical function, stiffness, and pain sub-
scores and VAS score for aesthetics. Each score is scaled between 0 and 1. For each individual,
high scores are in red and low scores in blue. AUSCAN: Australian/Canadian osteoarthritis hand

index, VAS: visual analogue scale

Figure 3: Radar plot and composition of the 5 clinical clusters. Each variable is represented by
the mean of AUSCAN sub-scores for pain, physical function, and stiffness and the VAS aesthetic
score on a circular scale. AUSCAN: Australian/Canadian osteoarthritis hand index, VAS: visual

analogue scale

95U8017 SUOLUIOD SAIIE1D) 9|gedldde ay) Ag peuienob e sajoiLe O ‘osn JO'Sajni 10} Ak 8UlUO AS[IAA UO (SUONIPUOI-PUE-SWLBHWOD™AS | IMAJeJg|1}BulJuo//Sa1y) SUONIPUOD PUe SIS 1 841 89S *[2202/TT/L0] Uo ArIqi]auIuO AS|IM ‘270G 13e/200T OT/I0p/ W09 A 1M Aleld1jouljuo//Scy Wwouy pepeojumoq ‘el ‘859rTSTZ



SUPPLEMENTARY FILES

Table S1: Post hoc analyses p-values in comparisons with reference cluster 1

Figure S1: Multi-Dimensional Scaling projection of the clusters

Figure S3: Elbow plot for determining the optimal number of clusters based on the total

within sum of square method

Figure S3: Gap statistic plot for determining the optimal number of clusters with the

within cluster dispersion and a bootstrapping N = 200.

Figure S4: Histogram of Jaccard Similarity index among different clusters with a non-

parametric bootstrapping (N =200)

Figure S5 Boxplots and bar plots of the 19 descriptive variables. In boxplots, horizontal lines
are median, box edges are interquartile range and whiskers are range; otherwise, data are
percentages. BMI, body mass index; CRP, C-reactive protein, HADS, Hospital Anxiety and

Depression Scale; KL, Kellgren-Lawrence, NSAID: Non-Steroidal Anti-Inflammatory Drugs
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436 patients

Patients excluded (N = 10):

- Consent withdraw (N =1)
- Inclusion criteria unmeet (N = 6)
- Hand radiograph not available (N = 3)

A,

426 patients

Missing values (N = 37):

Patients with missing value for the
AUSCAN sub-scores (pain, physical
function, stiffness) or the VAS aesthetic

A,

389 patients
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