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Abstract

Objectives: To investigate pain, pain trajectories and their determinants in hand osteoarthritis (OA).

Methods: Data from the HOSTAS (Hand OSTeoArthritis in Secondary care) consisting of consecutive hand OA patients were used. Australian
Canadian Osteoarthritis Hand Index (AUSCAN) pain was measured yearly for four years. Patients with complete AUSCAN at >2 time points
were eligible for longitudinal analysis. Associations between variables of interest and baseline AUSCAN pain were investigated with linear re-
gression. Development of pain over time was modelled using latent class growth analysis (LCGA). Associations of LCGA classes with variables
of interest were analysed using multinomial logistic regression adjusted for baseline pain.

Results: A total of 484/538 patients [mean (s.p.) age 60.8 (8.5) years, 86% women, mean (s.0.) AUSCAN pain 9.3 (4.3)] were eligible for longitudi-
nal analysis. Sex, marital and working status, education, disease duration and severity, anxiety and depression scores, lower health-related qual-
ity of life (HR-Qol), specific illness perceptions and coping styles were associated with baseline pain. LCGA yielded three classes, characterized
by average pain levels at baseline; average pain remained stable over time within classes. Classes with more pain were positively associated
with BMI, tender joint count, symptom duration, hand function scores and depression scores, negatively with physical HR-QoL, and education
level.

Conclusion: Baseline pain was associated with patient and disease characteristics, and psychosocial factors. LCGA showed three pain trajecto-
ries in hand OA patients, with different baseline pain levels and stable pain over time. Classes were distinguished by BMI, education level, dis-
ease severity, depression and HR-QolL.
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Rheumatology key messages

* Subgroups with different pain trajectories exist within the hand OA population.

* Trajectories show different intercepts and stable average pain levels over time.

* Subgroups can be characterized by patient and disease characteristics, and mental and physical wellbeing.

Introduction which complicates treatment [3, 5]. This indicates the impor-

Hand OA is a frequently occurring, invalidating disease
[1, 2]. Pain is the primary symptom, along with loss of func-
tion and destruction of the joints [1, 2]. Previous studies have
identified various factors associated with pain in hand osteo-
arthritis, including sex, disease subtype and distribution,
rapid radiological progression, and signs of depression
and anxiety, indicating it is a multifactorial problem [3, 4].
The aetiology of hand OA pain is as of yet unclear, but both
nociceptive mechanisms (joint damage, inflammation) and
non-nociceptive mechanisms (sensitization) are thought to
play a role. These mechanisms require different therapies,

tance of investigating factors associated with pain in hand
OA, as it may provide insights leading to new treatment
options. For example, differences in coping strategies and ill-
ness perceptions have been shown to influence functional dis-
ability in hand OA, which in turn has been associated with
pain [3, 6-9].

Along with the uncertainty regarding the aetiology, the de-
velopment of hand OA pain over time is also unclear. Much
previous research has focused on radiographic signs to study
progression. Large cohort studies investigating the develop-
ment of pain in hand osteoarthritis are still few in number.
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The studies that have been performed indicate that pain does
not seem to increase on average [10, 11]. However, the lack
of changes in average pain does not preclude the existence of
subgroups within the hand OA population, in which increas-
ing or decreasing pain trajectories may be found.

For knee and hip OA, subgroups with different pain trajec-
tories have been identified [12, 13]. These subgroups were
identified using latent class growth analysis (LCGA), a statis-
tical technique to investigate inter-individual differences in
intra-individual development. This technique identifies sub-
groups based on the course of a variable of interest over time.

Knowledge regarding subgroups with different pain trajec-
tories within hand OA and their characteristics may help
guide clinical decision making and patient education.
Additionally, knowledge of factors associated with pain in
hand OA, both cross-sectional and over time, may provide
insights into potential treatments. Therefore, this study aimed:
(i) to investigate the cross-sectional associations of disease
and patient characteristics with pain in hand OA; (ii) to iden-
tify subgroups based on pain trajectories within the hand OA
population (iii) to describe these trajectories; and (iv) to char-
acterize the subgroups of patients that follow these
trajectories.

Methods
Study design

Data from the Hand OSTeoArthritis in Secondary care
(HOSTAS) cohort, an ongoing observational cohort consist-
ing of consecutive patients from the Leiden University
Medical Center rheumatology outpatient clinic, were used.
Between June 2009 and October 2015, consecutive patients
diagnosed with primary hand OA by their treating rheumatol-
ogist were included. Patients diagnosed with secondary hand
OA or hand symptoms due to other diseases were excluded.
Patients were followed for four years, filling in questionnaires
yearly and undergoing physical examinations and imaging ev-
ery second year. Full details on the cohort have been pub-
lished previously [14].

All 538 HOSTAS patients were included in the cross-
sectional analysis. Patients with complete Australian
Canadian Osteoarthritis Hand Index (AUSCAN) pain meas-
urements at a minimum of two visits were included in the lon-
gitudinal analyses.

The HOSTAS study was approved by the medical ethics
committee at the LUMC and conducted in accordance with
Good Clinical Practice guidelines and the Declaration of
Helsinki. All patients provided written informed consent.

Patient and public involvement

Patients were not involved in the execution of this analysis
but were involved in designing the original cohort study.

Study variables

The primary outcome of the present study was AUSCAN pain
score [15]. The AUSCAN pain score consists of five questions
scored 0—4, for a total score of 0-20, with higher scores indi-
cating more pain.

Other questionnaires used included the short form (SF)-36
for health related quality of life [used to calculate norm based
physical (PCS) and mental (MCS) component scales, using
age- and sex-specific Dutch-population based norms, with
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higher scores indicating better outcomes] [16], the Hospital
Anxiety and Depression Scale (HADS) for depression and
anxiety (seven questions scored 0-3 per domain, for domain
scores of 0-21) [17], and a modified Charlson comorbidity in-
dex to assess comorbidities. The Charlson comorbidity index
collects information on 18 comorbidities, summarized here as
a sum score (0-18) [18]. Hand function was assessed using
the function domain of the AUSCAN questionnaire (range 0—
36, with higher scores indicating worse function) [15]. Illness
perceptions and attributions were investigated using the
Illness Perception Questionnaire (IPQ). The domains of this
questionnaire are explained in the Supplementary Methods,
available at Rheumatology online. For all domains, higher
scores indicate a stronger belief in the investigated construct
[19]. Coping strategies were explored using the Coping with
Rheumatic Stressors questionnaire (CORS) [20]. The coping
strategies are detailed in the Supplementary Methods, avail-
able at Rheumatology online. Higher scores indicate more use
of that particular strategy. Additionally, patient characteris-
tics including age, sex, BMI, education level, and working
and marital status were collected [education level was catego-
rized as lower (no schooling, primary school only or lower vo-
cational education), middle (lower general secondary
education or secondary vocational education) or high (all
higher education)]. Working status was categorized as cur-
rently employed (full-time or part-time), currently not
employed, disabled/sick leave (completely or partially dis-
abled, or sickness leave) or retired. Marital status was catego-
rized as living together (married or unmarried) or not (single,
widowed or divorced). Finally, disease characteristics includ-
ing symptom duration and fulfilment of American College of
Rheumatology (ACR) criteria for hand OA [21] were col-
lected at baseline.

The examinations included a physical examination of the
distal interphalangeal (DIP), proximal interphalangeal (PIP),
metacarpophalangeal (MCP) and first carpometacarpal
(CMC-I) joints as well as the wrist, during which among
others the tender joint count was collected (0-3 per joint, total
score 0-90, dichotomized to pain or no pain and summed to
a score of 0-30). During the visits, a VAS pain was also col-
lected on paper for each hand.

Dorsal-volar radiographs of the hands were taken at base-
line and scored using the Kellgren-Lawrence method (score
0-120) [22] and Verbruggen—Veys method to assess presence
of erosive disease [23]. Erosive disease was defined as having
>1 PIP/DIP joint of digits 2-5 in the erosive or remodelling
phase according to the Verbruggen—Veys system. Intra-
observer reliability of scoring was good [14].

Summed scores were regarded as missing in case of any
missing component, in case of >1 missing component for the
AUSCAN subscales, in case of >1 or 2 missing components
for the IPQ questionnaire depending on the specific domain,
and in case of more than half of the components per scale for
the SF-36.

Statistical analysis

Variables were described using mean (s.n.) or median [inter-
quartile range (IQR)] for continuous variables and absolute
and relative frequencies [number (%)] for categorical
variables.

Associations of variables of interest with baseline AUSCAN
pain, selected based on existing evidence regarding factors
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associated with pain in OA, were investigated using univariate
linear regression.

To investigate the presence of subgroups with different
AUSCAN pain development trajectories, latent class growth
analysis (LCGA) was used. LCGA divides the data into clas-
ses with different trajectories of the variable of interest. The
trajectories are described based on the intercept (measure of
baseline value) and slope (measure of development over
time). The slope and intercept have a fixed variance of zero
within the classes, allowing only for variance between
classes.

Models were run with varying numbers of classes (two up
to six) and varying formulae for the slopes (linear, quadratic
or cubic). The optimal model was selected based on a com-
bination of factors: fit indices, clinical plausibility of the
modelled phenomenon, size of classes, parsimony and inter-
pretability. The following model fit indices were used and
judged as follows: the smallest Bayesian information crite-
rion (BIC) value, high entropy value (maximum 1.0), a sig-
nificant Vuong-Lo-Mendell-Rubin likelihood ratio test
(LRT) and a significant bootstrap LRT. These LRTs indi-
cate if the model with n classes describes the data better
than the model with 7n-1 classes. A significant P-value
(<0.05) indicates statistical superiority of the model with
one more class.

Differences in baseline characteristics between the identi-
fied classes were investigated using multinomial logistic re-
gression analysis, with the classes as the dependent variable.
The class with the lowest baseline pain was chosen as the
reference group. The independent variables, selected based
on previous evidence regarding factors associated with pain
in hand OA were first tested univariately in multinomial
logistic regression to assess their total effect, after which the
regression models were adjusted for baseline AUSCAN pain
to assess direct effects of potential factors of influence by
excluding the indirect effect through baseline pain. As a sen-
sitivity analysis, the models were further adjusted for age, sex
and BML.

Mplus version 8.0 was used for the LCGA. All other analy-
ses were performed using R version 4.0.3.

Results
Patient characteristics

Patient characteristics are summarized in Table 1. A total of
463 patients (86%) were female. Mean (s.p.) age was 61.0
(8.6) years. A total of 485 patients (90%) fulfilled the ACR
criteria for hand OA. Mean AUSCAN pain score was 9.3 (s.D.
4.6). No clinically relevant mean changes in AUSCAN pain
score were seen over time (Supplementary Table S1, available
at Rheumatology online). Of 538 participants, 484 (90%)
were included in the longitudinal analysis. Included partici-
pants did not show marked differences from the excluded par-
ticipants (data not shown).

Associations with baseline pain

Baseline AUSCAN pain scores showed positive associations
with female sex, low education level, the number of comor-
bidities, HADS anxiety and depression scores, presence of
erosive disease, symptom duration, tender joint count, and
AUSCAN function scores. Negative associations were found
for living together, currently working, and SF-36 PCS and

3
Table 1. Patient characteristics
n=>538
Patient characteristics
Female sex 7 (%) 463 (86)
Age, years 61.0 (8.6)
BMI, kg/m* 27.1 (4.8)
Living together 7 (%) 427 (81)
Low education level 7 (%) 141 (27)
Currently working 7 (%) 215 (46)
Comorbidities, number (range 0-18); median (IQR) 0(0-1)
HADS
Depression (range 0-21); median (IQR) 2 (1-5)
Anxiety (range 0-21); median (IQR) 4 (2-7)
Disease characteristics
ACR criteria fulfilled 7 (%) 485 (90)
Erosive disease 7 (%) 154 (29)
KL sum score (range 0-120); median (IQR) 17 (8-29)
Symptom duration, years; median (IQR) 5.3(2.0-12.2)
Tender joint count (range 0-30); median (IQR) 3(1-7)
Patient reported outcome measures
AUSCAN
Pain (range 0-20) 9.3 (4.6)
Function (range 0-36) 15.6 (8.5)
VAS pain (range 0-100)
Left hand 33.6 (22.5)
Right hand 36.7 (21.8)
SF-36
MCS 51.7 (8.7)
PCS 44.7 (8.2)

Patient characteristics of patients included in the LCGA analysis (n =484).
Data are mean (s.D.) unless indicated otherwise. ACR: ACR criteria for
hand OA; AUSCAN: Australian/Canadian osteoarthritis hand index;
HADS: Hospital Anxiety and Depression Scale; KL: Kellgren—-Lawrence;
MCS: mental component scale; PCS: physical component scale; SF-

36 = short-form 36, with norm based scores with a mean of 50 and s.p. of
10 using age and sex-specific Dutch population-based norms; VAS: visual
analogue scale. BMI 72 = 511. Living together 7= 529. Education level
n=524. Working status n=471. HADS depression 7 = 382. HADS anxiety
n=2381. Erosive disease 7 = 534. KL sum score 7 = 534. Symptom duration
n=500. AUSCAN pain n = 523. AUSCAN function 7= 523. VAS pain
n=2388.SF-36 n="511.

MCS scores. Of the IPQ domains, baseline pain was positively
associated with the identity domain (indicating more com-
plaints are attributed to the disease), the consequences do-
main (indicating more consequences experienced are
attributed to the disease) and emotional representations (indi-
cating more emotions experienced due to the disease), and
negatively with illness coherence (indicating less understand-
ing of the disease). Among the coping strategies, baseline pain
was positively associated with accepting, decreasing activity,
pacing and finding creative solutions, and negatively with
comforting cognitions. (Table 2).

LCGA classes

The quadratic LCGA model with three classes was deter-
mined to be the best, based on the combination of fit indices,
the size of the classes and interpretability (Supplementary
Tables S2 and S3, available at Rheumatology online). The
resulting classes each had a trajectory described by an inter-
cept (I), linear (S) and quadratic (Q) term (with formula
Y =a + bX + bX?). The three classes were termed low, middle
and high, based on the trajectory intercepts. For the low class,
the trajectory intercept was 4.841, the linear term was
—1.052 and the quadratic 0.176. The middle class had a tra-
jectory described by intercept 8.849, linear term —0.273 and
quadratic term 0.030. Finally, the high class had a trajectory
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Table 2. Association with baseline AUSCAN pain

Baseline B (95% CI) AUSCAN
pain (n=1538)
Patient characteristics
Female sex 1.19(0.12,2.26)
Age, years 0.02 (—-0.02, 0.07)
BMI, kg/m?* 0.04 (—0.04,0.12)
Living together —1.02 (—1.96,-0.07)
Education level low 0.97 (0.13,1.81)
Currently working -1.22(-2.01,-0.43)
Excluding retirees —-1.92 (-3.00,-0.85)
Number of comorbidities 0.99 (0.60, 1.38)
HADS
Depression 0.36 (0.24, 0.49)
Anxiety 0.31(0.19, 0.43)
Disease characteristics
Erosive disease 0.84 (0.02, 1.67)
Symptom duration, years 0.07(0.03,0.11)
KL sum score 0.01 (—0.02, 0.03)
Tender joint count 0.31 (0.24, 0.38)
Patient reported outcome measures
VAS pain
Left hand 0.09 (0.08,0.11)
Right hand 0.11 (0.10, 0.13)
AUSCAN function 0.40 (0.37,0.42)
SF-36
PCS -0.26 (-0.30,-0.22)
MCS —-0.11 (-0.16,-0.07)
Illness perceptions (7 =351)
Identity (0-28) 0.69 (0.52, 0.87)
Timeline (Chronic) (0-30) 0.01(-0.11,0.12)
Consequences (0-30) 0.34 (0.25,0.43)
Personal control (0-30) -0.02 (-0.13, 0.10)
Treatment control (0-25) —0.10 (—0.25, 0.06)
Illness coherence (0-20) -0.17 (-0.28, -0.06)
Timeline cyclical (0-20) —0.01 (—-0.14,0.12)
Emotional representations (0-30) 0.21 (0.13, 0.30)
Coping styles (7= 349)
CORS domains
Dependency
Accepting (6-24) 0.13 (0.03, 0.23)

Consideration (7-28)
Pain
Comforting cognitions (9-36)
Decreasing activity (8-32)
Diverting attention (8-32)
Limitations
Optimism (5-20)
Pacing (10-40)
Creative solutions (8-32)

0.07 (-0.04,-0.18)

~0.10 (=0.18, —0.01)
0.29 (0.19, 0.38)
0.08 (—0.01,0.17)

~0.10 (—0.24, 0.04)
0.16 (0.09, 0.23)
0.12 (0.04, 0.20)

Association with baseline AUSCAN pain. #=538. AUSCAN: Australian/
Canadian osteoarthritis hand index; CORS: Coping with Rheumatic
Stressors; HADS: Hospital Anxiety and Depression scale; IPQ: Illness
Perception Questionnaire; KL: Kellgren-Lawrence; MCS: mental
component scale; PCS: physical component scale; SF-36 = short-form 36,

with norm based scores with a mean of 50 and s.p. of 10 using age and sex-
specific Dutch population-based norms; VAS: visual analogue scale. BMI
n=>511. Living together 7= 529. Education level n = 524. Working status
n=471. HADS depression n = 382. HADS anxiety n = 381. Erosive disease
n=534. KL sum score n = 534. Symptom duration 7= 500. AUSCAN pain
n=2523. AUSCAN function 7= 523. VAS painn = 388. SF-36 n=511. IPQ
identity 7 =383, all other domains 7 =384. CORS accepting n= 375,
consideration 7 = 372, comforting cognitions 7 = 377, decreasing activity

n =380, diverting attention 7 = 378, optimism 7 = 376, pacing n= 379,
creative solutions 7 = 370.

described by intercept 13.039, linear term 0.249 and qua-
dratic term —0.071 (Figure 1). Patient characteristics of each
of the three LCGA classes can be found in Supplementary
Table S4, available at Rheumatology online.

Coen van der Meulen et al.

Associations with LCGA classes

After adjustment for baseline AUSCAN pain scores, member-
ship of the middle or high class compared with the low class
was positively associated with BMI, symptom duration, ten-
der joint count, VAS pain scores, HADS depression scores,
AUSCAN function scores, low education level, and negatively
with SF-36 scores (Table 3). Most of these associations (ex-
cluding those for education level and HADS scores) remained
after further adjustment for age, sex and BMI (Supplementary
Table S5, available at Rheumatology online). None of the
IPQ domains were associated with the LCGA classes after ad-
justment for baseline AUSCAN pain (Table 4). Among the
coping styles, only the consideration style was associated with
LCGA class membership (Table 5). This style was employed
more frequently in the middle and high classes compared with
the low class.

Discussion

In this study, AUSCAN pain scores in patients with hand OA
were cross-sectionally associated with disease characteristics
(severity of symptoms, symptom duration, hand function),
patient characteristics (sex and education level) and patient-
reported outcome measures (quality of life, anxiety and de-
pression). LCGA identified three classes, with trajectories dif-
fering primarily on baseline pain levels rather than on
development of average pain over time. Membership of clas-
ses with more pain was associated with many variables also
associated with pain at baseline. Membership of the classes
showed little to no associations with illness perceptions and
coping styles after adjustment for baseline pain.

The associations between baseline pain and disease charac-
teristics are in accordance with previous literature; erosive
hand OA has been described to have a higher disease burden,
including more pain [1]. The association between self-
reported pain and function is similarly known [2]. Previous
literature has also described positive correlations between
AUSCAN pain scores and tender joint counts, albeit of limited
magnitude [6, 7]. A positive association of tender joint counts
with sensitization has also recently been described, which
may also lead to higher AUSCAN pain scores, given that sen-
sitization contributes to pain [24]. The association found with
female sex is in accordance with previous literature, as is the
association with low education level [3, 25]. The associations
between baseline pain and patient-reported outcome measures
regarding mental and physical wellbeing are also in line with
previous literature, which described a mutual influence be-
tween pain in hand OA and mood and coping styles [3]. We
add to this that having more pain is associated specifically
with the coping styles accepting, comforting cognitions, de-
creasing activity, pacing and finding creative solutions. One
previous study described associations between the CORS
domains and disability [8]. Illness perceptions have also previ-
ously been investigated in hand OA, similarly with focus on
disability [9, 26]. In those studies, changes in disability were
associated with changes in illness perceptions and illness per-
ceptions at baseline were associated with worse function after
six years, indicating these perceptions as possible targets for
intervention. In the current study, associating more symptoms
with the disease, less understanding of the disease, attributing
more consequences to the disease and experiencing more neg-
ative emotions due to the disease were all associated with
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AUSCAN pain score

Middle

AUSCAN pain score

AUSCAN pain score

Time (Years)

2

Time (Years)

Time (Years)

Low

AUSCAN pain score

Time (Years)

Figure 1. The three classes determined by latent class growth analysis. Each class shows the average (solid line) trajectory of the group, as well as the
individual observed pain scores (dashed lines) of the participants in that class. Time in years (0-4) on the x-axis, AUSCAN pain score (0-20) on the y-axis

Table 3. Association of LCGA classes with variables of interest

Baseline

Adjusted odds ratio (95% CI)

AUSCAN pain trajectory over 4 years

Low (n=101)

Middle (n = 226)

High (n=157)

Female sex
Age, years
BMI, kg/m?*
Erosive disease

Symptom duration, years

KL sum score
Tender joint count
VAS pain
Left hand
Right hand
AUSCAN
Function
SF-36
PCS
MCS
HADS
Depression
Anxiety
Living together

Low education level

Currently working

Excluding retirees

Comorbidities

—_ o= = ==

—_

_ Rl R ==

1.43 (0.68, 3.01)
0.97 (0.94, 1.00)
1.07 (1.00, 1.15)
0.94 (0.49, 1.78)
1.03 (0.99, 1.07)
1.00 (0.97, 1.01)
1.12 (1.02, 1.24)

1.01 (1.00, 1.03)
1.03 (1.00, 1.05)

1.05 (1.00, 1.11)

0.94 (0.90, 0.99)
0.98 (0.94, 1.02)

1.13 (0.97, 1.33)
1.10 (0.97, 1.25)
1.25(0.59, 2.63)
1.62 (0.80, 3.28)
1.16 (0.64, 2.11)
0.67 (0.26, 1.70)
1.11 (0.75, 1.64)

0.98 (0.37,2.61)
1.00 (0.96, 1.04)
1.11 (1.02, 1.20)
1.03 (0.47, 2.26)
1.07 (1.03, 1.12)
1.01 (0.99, 1.03)
1.20 (1.07, 1.33)

1.04 (1.01, 1.06)
1.06 (1.03, 1.09)

1.15 (1.08, 1.23)

0.87 (0.83,0.93)
0.96 (0.91, 1.00)

1.19 (1.01, 1.41)
1.13 (0.98, 1.30)
1.31(0.52, 3.30)
2.23(0.96, 5.19)
0.74 (0.35,1.57)
0.37(0.12,1.10)
1.43 (0.91, 2.24)

Multinomial logistic regression with LCGA classes as outcome, adjusted for baseline AUSCAN pain. 7 =484. AUSCAN: Australian/Canadian osteoarthritis
hand index; HADS: Hospital Anxiety and Depression Scale; KL: Kellgren—-Lawrence; MCS: mental component scale; PCS: physical component scale; SF-
36 = short-form 36, with norm based scores with a mean of 50 and s.p. of 10 using age and sex-specific Dutch population-based norms; VAS: visual analogue

scale.
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Table 4. Multinomial logistic regression of illness perceptions on LCGA classes

Coen van der Meulen et al.

Adjusted odds ratio (95 % confidence interval)
AUSCAN pain trajectory over 4 years

IPQ domain Low Middle High

Identity (0-28) 1 1.13 (0.91, 1.41) 1.25(0.98, 1.58)
Timeline (Chronic) (0-30) 1 1.04 (0.94, 1.14) 1.07 (0.96, 1.20)
Consequences (0-30) 1 1.06 (0.97,1.17) 1.10(0.99, 1.23)
Personal control (0-30) 1 0.99 (0.90, 1.09) 1.01 (0.90, 1.13)
Treatment control (0-25) 1 0.97 (0.85,1.10) 0.95(0.81,1.11)
Illness coherence (0-20) 1 0.99 (0.90, 1.09) 0.96 (0.85, 1.07)
Timeline cyclical (0-20) 1 1.01 (0.91, 1.13) 1.07 (0.94, 1.21)
Emotional representations (0-30) 1 1.04 (0.96, 1.13) 1.05(0.95,1.15)

Multinomial logistic regression of IPQ domains with LCGA classes as outcome, adjusted for baseline AUSCAN pain. 7 =484. AUSCAN: Australian/

Canadian osteoarthritis hand index; IPQ: Illness Perception Questionnaire.

Table 5. Multinomial logistic regression of coping styles on LCGA classes

Adjusted odds ratio (95% CI)
AUSCAN pain trajectory over 4 years

CORS domain Low Middle High
Dependency
Accepting (6-24) 1 0.93(0.85-1.01)1.00 (0.90-1.10)
Consideration (7-28) 1 1.02(0.93-1.11)1.13 (1.00-1.26)
Pain

Comforting cognitions (9-36) 1 0.99 (0.92-1.06) 0.99 (0.91-1.08)

Decreasing activity (10-40) 1 1.04(0.96-1.13)1.07 (0.97-1.18)

Diverting attention (8-32) 1 0.98(0.92-1.05)1.01 (0.93-1.10)
Limitations

Optimism (5-20) 1 0.94(0.83-1.06)0.99 (0.86-1.14)
Pacing (10-40) 1 1.02(0.97-1.08)1.05 (0.98-1.12)
Creative solutions (8-32) 1 0.98(0.92-1.04)1.02 (0.94-1.11)

Multinomial logistic regression of CORS domains with LCGA classes as
outcome, adjusted for baseline AUSCAN pain. 7 =484. AUSCAN:
Australian/Canadian osteoarthritis hand index; CORS: coping with
rheumatic stressors.

higher pain scores. Illness perceptions may therefore be used
to similarly influence pain outcomes. Our findings thus sup-
port and expand on evidence that psychological and social
characteristics may provide potential targets for treating pain
in hand OA.

However, in treating pain, one has to consider the
expected development of pain over time, as well as the base-
line level, as this can help tailor treatment to subgroups of
patients. Thus, we studied pain longitudinally using LCGA.
We identified three classes with different trajectories of pain
development, characterized by the intercept rather than by
the slope. This is different from previous studies in knee and
hip OA, which yielded trajectories that showed more hetero-
geneous slopes [12, 13]. In the case of knee OA pain, three
classes have been found. The groups were characterized by
low baseline pain (intercept) and a slight decrease over time,
medium baseline pain and a stable course and high baseline
pain with an increase of pain over 5 years [12]. LCGA analy-
ses over 5 years in hip OA pain yielded four classes with dif-
ferent trajectories (constant mild, moderate pain with
moderate regression, moderate pain with progression and
constant severe pain) [13]. A possible explanation for the
difference between hand OA vs knee or hip OA is that hand
OA is polyarticular rather than monoarticular. Pain in the
hands is a summary of the pain in all the individual joints,

which may fluctuate in their symptoms. This could poten-
tially cause the increased complaints of one joint to cancel
out the improvement of another joint when asking about
pain in the entire hand. Furthermore, there is a difference in
studied disease stage; both the knee and hip studies were per-
formed on patients with early OA, whereas the current study
did not specifically select early hand OA patients. The pro-
gression of symptoms may differ between disease stages.
This may indicate that development of pain in hand OA
occurs more slowly or in a different stage of the disease than
was captured in this study. However, the finding that aver-
age pain levels remain stable overtime can be of great use in
informing patients with hand OA, as they often expect the
disease to continually worsen over time, whereas our results
indicate that symptoms remain stable on average. Our find-
ings can thus be used to reassure patients that the symptoms
need not necessarily progress.

It should, however, be noted that despite the average tra-
jectory in a class being stable over time, this average is made
up of many individual trajectories that fluctuate over time.
Given this heterogeneity of individual trajectories within the
classes, the intercept cannot be the only determining factor.
For example, someone with a baseline AUSCAN score of 9
could be classified into either of the three classes (Fig. 1). To
investigate what other factors could discriminate classes
apart from baseline pain, multinomial logistic regression
analysis was performed with adjustment for baseline pain af-
ter the unadjusted analysis. The unadjusted analysis yielded
associations for many factors also found to associate with
baseline pain. However, the analysis with adjustment for
baseline pain still yielded a number of risk factors for the
various classes independent of baseline pain. Among these,
higher BMI, low education level and higher HADS depres-
sion score all associated with membership of more painful
classes, in accordance with previous studies in hip and knee
OA [12, 13, 27]. We could find no previous literature re-
garding the associations of LCGA classes with tender joint
count and AUSCAN function. However, these have been as-
sociated with pain previously, as stated earlier. We add to
the knowledge that these factors not only associate with
pain, but also with trajectories of pain over time. Health-
related quality of life as measured with the SF-36 has also
previously been associated both with chronic musculoskele-
tal pain and with changes thereof [28]. Interestingly, mem-
bership of a class with more pain was associated with longer
symptom duration, another indication that changes over
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Determination and characterization of hand osteoarthritis subgroups

time may occur in different timeframes than were captured
in this study.

Just one association was found between IPQ and CORS
domains and the pain trajectories after adjustment for base-
line AUSCAN pain scores: an association with the consider-
ation coping style. Possibly this indicates that coping styles
are most strongly associated with pain at baseline, and that
they have no direct effect on the trajectory of the pain beyond
the effect through baseline pain.

Our study has some limitations, including the selection of
patients from secondary and tertiary care, which may have
led to selection of patients with more severe disease and thus
more severe symptoms, limiting the generalizability of these
results. Furthermore, the current follow-up time was only
4 years; the stability of the determined trajectories may be in
part due to the relatively short time of follow-up relative to
the total disease course of hand OA. Also, AUSCAN pain
scores were collected yearly. Collecting pain measurements
at more time points leading to more dense data may improve
precision of these results. We therefore encourage replica-
tion of these results in cohorts with longer follow-up time
and more frequent pain measurements to confirm these
findings.

In conclusion, this study further confirms the multifacto-
rial nature of pain reported by patients with hand OA,
depending on psychological, social and disease-specific vari-
ables. Given the trajectories found, average pain levels ap-
pear to remain stable in hand OA, although differences and
fluctuations in individual pain trajectories occur. These data
can be used to inform patients of their prospects, as in our
clinical experience patients often expect the disease to get
worse with time; these results show that this need not be the
case. Furthermore, associations with the different pain tra-
jectories were found even after adjustment for baseline pain,
indicating the expected level of pain may be influenced
through various factors. BMI, psychological and social fac-
tors are thus reinforced as targets of interest in the treatment
of pain in hand OA.

Supplementary material

Supplementary material is available at Rheumatology online.
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