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ABSTRACT

Objective To determine distinct trajectories of self-
reported pain-related health status in rheumatoid arthritis
(RA), their relationship with sociodemographic factors and
medication use.

Methods 988 Australian Rheumatology Association
Database participants with RA (71% female, mean age 54
years, mean disease duration 2.3 years) were included.
Distinct multi-trajectories over 15-year follow-up for

five different self-reported pain-related health outcome
measures (Health Assessment Questionnaire Disability
Index, visual analogue scores for pain, arthritis, global
health and the Assessment of Quality of Life utility index)
were identified using latent variable discrete mixture
modelling. Random effects models were used to determine
associations with medication use and biologic therapy
modification during follow-up.

Results Four, approximately equally sized, pain/health
status groups were identified, ranging from ‘better’ to
‘poorer’, within which changes over time were relatively
small. Important determinants of those with poorer pain/
health status included female gender, obesity, smoking,
socioeconomic indicators and comorbidities. While

biologic therapy use was similar between groups during
follow-up, biologic therapy modifications (p,,,,,<0.001)
and greater tendency of non-tumour necrosis factor
inhibitor use (p,,,<0.001) were observed in those with
poorer pain/health status. Similarly, greater use of opioids,
prednisolone and non-steroidal anti-inflammatory drugs
was seen in those with poorer pain/health status.
Conclusion In the absence of disease activity information,
distinct trajectories of varying pain/health status were seen
from the outset and throughout the disease course in this
RA cohort. More biologic therapy modifications and greater
use in anti-inflammatories, opioids and prednisolone were
seen in those with poorer pain/health status, reflecting
undesirable lived experience of persistent pain in RA.

.12 Susan Lester,>® Oscar Russell,"*® Rachel Black,?®

9,10

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Despite treatment advances in rheumatoid arthritis

(RA), persistent pain and suboptimal health status
may remain significant in some patients, even in
those with adequately controlled disease or in dis-
ease remission.

WHAT THIS STUDY ADDS

= We performed multi-trajectory analysis, using five

different self-reported pain-related health outcome
measures, with patients with RA classified into four
distinct pain-related health status subgroups, which
were associated with sociodemographic and life-
style factors.

Differences in the pain-related health status be-
tween subgroups were evident at baseline and were
relatively stable over time. Greater use of opioids,
anti-inflammatories and prednisolone and changes
in biologic therapy were seen in those with poorer
pain-related health status.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study highlights the importance of evaluating

the overall well-being and pain experience of those
living with RA from the outset, with a view to the
development of appropriate management strategies
in addition to suppression of disease inflammation.
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INTRODUCTION
Over the last two decades, significant improvements in
disease-related outcomes in rheumatoid arthritis (RA) are
evident.'™ Patients presenting with inflammatory arthritis
suspicious of RA are diagnosed earlier and treated inten-
sively, alongside the major advances in targeted therapy
using biologic/targeted synthetic disease modifying
anti-rtheumatic drugs (b/ tsDMARDs).1 2 6 However,
mismatch between low disease activity or disease remis-
sion and patient-reported outcomes such as pain, fatigue
and global disease activity remains. This is an ongoing
treatment conundrum in the context of a treat-to-target
approach in RA, especially in those with persistent pain
despite remission in disease inflammation.”®
Conventionally, the 28Joint Disease Activity Score
(DAS28), a universal composite scoring tool, is commonly
used by treating physicians and in clinical trials to
assess disease activity and treatment response in RAY
However, careful interpretation of the DAS28 scoring is
crucial when it comes to determining disease remission
objectively. For instance, discordance between the objec-
tive clinical assessment of joint inflammation and patient
global disease activity (PGA) in the DAS28 scoring was
observed in one-third of a multi-ethnic adult RA study
cohort on treatment.'" Patients with RA who have
achieved a state of DAS28 remission may still experience
clinically significant pain.” Similarly, McWilliams and
colleagues identified 58% and 27% of their study cohort
had partial improvement in pain and worsening pain
after 12 months respectively, as assessed by the change of
the DAS28-P index (defined as ‘the proportion of DAS28
contributed by the patient-reported components’) over
time.'? We recently showed that persistently high DAS28-P
index scores predicted poor treatment response in an
Australian early RA cohort, reflecting risks of underdiag-
nosed non-inflammatory pain and unnecessary escalation
of RA treatment.'® Such phenomenon is also observed
in those with RA disease remission assessed using other
index-based criteria endorsed by the American College
of Rheumatology (ACR) and the European Alliance of
Associations for Rheumatology (EULAR).' As high-
lighted by Studenic and his colleagues, two-thirds of their
RA outpatient cohort achieved ‘near-remission’ based
on fulfilling three of four of the Boolean-based criteria,
with PGA being the primary limiting variable in defining
disease remission.'” Additionally, a cross-sectional study
in Portugal demonstrated lack of ultrasonographic
disease inflammation in RA patients with high levels of
PGA reporting who were otherwise in remission.'® More
importantly, in a recent meta-analysis, despite using the
ACR/EULAR Boolean-based remission criteria, patients
in near-remission scored similarly in their PGA levels
compared with those in non-remission, potentially with
unintended risks of unnecessary treatment escalation.'”
These findings highlight the nuances behind the role of
the PGA beyond the objective measure of disease remis-
sion in real-world clinical practice and the importance of
dissecting the intention of treatment in RA, especially in

those with persistent pain despite objective evidence of
disease control.

Health status is regarded as the overall perception of
the state of physical health, mental health and social well-
being, and is an ever-changing metric in one’s life course,
ranging from a state of wellness to illness onset and its
trajectory, if present."*’ In patients with RA, persistent
pain may have an impact on their overall health status,
as pain is regarded as the highest outcome priority for
improvement.” *'** Persistent pain in RA is multifac-
eted, largely driven not only by the complex dynamics
between peripheral joint inflammation and nociplastic
central pain processing, but it is also by the totality of the
overall lived experience of the individual’s health over
time.”** For example, higher levels of pain experienced
in RA were significantly correlated with poor quality of
life, defined by reduced overall health perception, lack
of independence and decline in biopsychosocial func-
tioning."" *** Therefore, looking into the intertwined
relationship between the complex dynamics of pain
in RA and the negative corollary health outcomes that
followed has the potential to provide further insights into
the overall impression of the well-being of the person
living with RA. To date, little is known of the temporal
relationship between pain and health status of patients
living with RA, and more importantly, how pain-related
health status trajectories translate into the patterns of
medication use.

In this longitudinal study of a national cohort of
patients with established RA, we first aimed to identify
distinct subgroups of trajectories of self-reported pain-
related health status, measured by different pain-related
health outcome measures. Second, we aimed to examine
the baseline sociodemographic and comorbidities within
each of these identified trajectories. Finally, we aimed to
use these identified trajectories as predictors of the time-
varying effects on medication use.

METHODS

Study database

The Australian Rheumatology Association Database
(ARAD) is a voluntary national registry founded in 2001
that aims to collect longitudinal data on long-term safety
and effectiveness of b/tsDMARDs and health outcomes
in patients with inflammatory arthritis. Information on
the ARAD establishment, methodology and governance
has been discussed in detail previously.”" **

In brief, ARAD participants with inflammatory arthritis
completed self-reported questionnaires biannually
(options of paper or online format from August 2009)
until January 2014. Since then, questionnaires have been
completed once every year after the initial 2 years of bian-
nual follow-up. These self-reported questionnaires consist
of sociodemographic information, current arthritis-
related medication use, comorbidities (ie, comorbid
medical illnesses), symptoms related to arthritis, and
measures of health outcomes and quality of life.

2
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All ARAD participants provided written permission to
be contacted by ARAD investigators and written informed
consent for study participation and for anonymous data
analyses and associated data linkages. Ethics approval for
ARAD has been granted by 18 committees snd organisa-
tions across all Australian states and territories.

Eligibility criteria

Study participants were selected from an ARAD snapshot
from August 2021. Inclusion criteria were participants
with rheumatologist-diagnosed RA and aged between
25 and 75 years old at diagnosis. We included ARAD
participants who entered ARAD within 5 years of diag-
nosis and with at least 3 years of follow-up, therefore the
study comprised participants with their RA diagnosis date
between 1998 and 2018. Baseline data on age, gender,
smoking and alcohol history, body mass index (BMI),
education, employment, disability and comorbidities
were extracted from the self-reported responses provided
at ARAD entry.

Study outcomes

In this study, forincluded ARAD participants, five different
self-reported pain-related health outcome measures
derived from the ARAD questionnaires were used in the
analysis, encompassing the overall pain experience and
health status over time. These were (1) arthritis-related
disability measured by the Health Assessment Question-
naire Disability Index, HAQ-DI (0-3 scale, higher score
indicates higher level of disability), (2) pain level over
the past week, measured on a 0—100 mm visual analogue
score, VAS scale (higher score indicates greater pain),
(3) participantreported arthritis ‘condition’ (disease
impact) measured on a 0-100 mm scale (higher score
indicates worse arthritis), (4) participantreported global
health item measured on a 0-100 mm scale (higher
score indicates better global health) and (5) the utility
composite score of the Assessment of Quality of Life,
AQoL, which ranges from 1.00 (indicating full health),
to 0.00 (indicating death-equivalent), and to —0.04 (indi-
cating a state worse than death).”*°

Socioeconomic status

In addition to education level and disability support
reported in ARAD, socioeconomic status (SES) was also
measured by the Index of Socioeconomic Advantage and
Disadvantage (IRSAD), and Socio-Economic Indexes
for Areas (SEIFA) developed by the Australian Bureau
of Statistics.”” The IRSAD quintile, according to 2016
Australian population census data, was assigned using
SA1 areas, which are the smallest SEIFA, and correspond
to an average of 400 people.

Comorbidity index

A modification of the Rheumatic Disease Comorbidity
Index (RDCI) was used as a measure of comorbidity
(range 0-9), with osteoporosis substituted for frac-
ture.”® Additional comorbidities in relation to medical
illnesses that contribute to the index were lung disease,

cardiovascular disease, hypertension, depression, cancer,
gastrointestinal ulcer or stomach problems.

Medications

Current use of opioids, non-steroidal anti-inflammatory
drugs (NSAIDs), oral glucocorticoids, oral and subcuta-
neous methotrexate, and b/tsDMARDs were obtained
from each completed questionnaire, however, dosage
information was not available.

Statistical analysis

All analyses were performed in Stata V.16.1 (StataCorp
LLC, TS, USA).

Trajectories of self-reported pain-related health outcome
measures

Group-based multi-trajectory modelling, using all five
selfreported pain-related health outcome measures,
was performed to identify distinct groups of participants
followed from ARAD baseline to a maximum of 15 years.
Analysis was performed using the Stata ado ‘traj’, which
uses a discrete mixture modelling approach, a form of
group-based trajectory modelling (GBTM), to stratify
latent subgroups of participants based on homogeneity
of between-individual trajectories for which follow-up
time was modelled as a continuous variable, with both
linear and quadratic terms.”**' The optimal number of
trajectory groups was established based on the model
selection criteria using the Akaike information criteria
(AIC), Bayesian information criteria (BIC), entropy
(which determines the overall probability of the individ-
uals being accurately assigned to a homogenous trajec-
tory) and the log-likelihood.™ ™ The reporting of this
trajectory analysis was prepared in accordance with the
Guidelines for Reporting on Latent Trajectory Studies
Checklist.”

Baseline comparisons between the identified trajectory
groups for sociodemographic, medication use and other
relevant variables were performed using the Jonckheere-
Terpstra test for ordinal data.

Medication use

Trajectory subgroups were considered as the predictors
in a random intercept, longitudinal panel regression
analysis of NSAIDs, glucocorticoids, opioids, metho-
trexate and b/tsDMARDs use over follow-up, using
both binomial and multinomial (for b/tsDMARD use
only) models. The results were interpreted as predicted
marginal probabilities (with 95% CI) and orthogonal
polynomial linear contrasts were used to assess ordinal
trends between trajectory groups. The results were
also presented as (subject-specific) ORs and the corre-
sponding 95% CI, with all p values of <0.05 being consid-
ered statistically significant.

Modification of b/tsDMARD was also examined by
time-to-event analysis in which failure times were defined
at the initiation of, or change in, b/tsDMARD treatment.
Multiple failures (modifications of b/tsDMARD) were
possible for each individual, and therefore these data
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Table 1 Baseline data on general demographics, socioeconomic demographics, medication use and comorbidities for 8
participants stratified by pain-related health status trajectory groups S
Group 4 =
Baseline All Group 1 (better) Group 2 Group 3 (poorer) Pyend =
c
Number of participants, N 988 169 285 316 218 %
Age at diagnosis: mean (SD) 53 (11) 50 (12) 52 (11) 54 (11) 54 (11) 0.005 a2
o
Age at ARAD entry: mean (SD) 54 (11) 52 (12) 54 (11) 56 (11) 54 (11) 0.003 2
Disease duration (years): mean 2.3 (1.4) 2.3(1.4) 2.2 (1.4) 2.4 (1.3) 2.4 (1.4 0.17 5
(SD) =
Follow-up years: mean (SD) 6.7 (4.1) 6.9 (4.3) 7.2(4.3) 6.7 (4.3) 5.9 (4.1) 0.004 83\"
Females: n (%) 703 (71%) 94 (56%) 200 (70%) 241 (76%) 168 (77 %) <0.001 g
BMI (WHO category): n (%) <0.001 3
[¢]
Normal 156/643 (24%)  40/121 (33%) 62/206 (30%) 40/194 (21%) 14/122 (11%) f)
Overweight 228/643 (35%) 60/121 (50%) 74/206 (36%) 62/194 (32%)  32/122 (26%) S
N
Obese 259/643 (40%) 21/121 (17%) 70/206 (34%) 92/194 (47 %) 76/122 (62%) '8
Current smoker: n (%) 160/987 (16%) 18 (11%) 40 (14%) 61 (19%) 41 (19%) 0.009 §
Disability support: n (%) 111 (11%) 0 14 (5%) 33 (10%) 64 (29%) <0.001 ';-’
Education: n (%) <0.001 N
Did not complete high school 245/987 (25%) 35 (21%) 62 (22%) 86 (27%) 62 (28%) °<C_.°
Completed high school 337/987 (34%) 60 (36%) 77 (27%) 114 (36%) 86 (39%) ‘i
Post high school 405/987 (41%) 74 (44%) 146 (51%) 115 (37%) 70 (32%) S
w
SES quintile**: n (%) <0.001 D
Q1 (lowest) 163/831 (20%)  15/141 (11%) 40/229 (17%) 63/271 (23%) 45/90 (24%) ;—9%
=3
Q2 173/831 (21%)  36/141 (25%) 38/229 (17%) 51/271 (19%) 48/90 (25%) a ,?_,
Q3 178/831 21%)  29/141 (21%) 41/229 (18%) 67/271 (25%) 41/90 (22%) 3§
o
Q4 160/831 (19%)  22/141 (16%) 56/229 (24%) 53/271 (20%) 29/90 (15%) § 3
Q5 (highest) 157/831 (19%)  39/141 (28%) 54/229 (24%) 37/271 (14%) 27/90 (14%) § 3_
Comorbidity index: mean (SD) 1.0 (1.3) 0.6 (0.9) 0.8 (1.1) 1.1(1.3) 1.8 (1.6) <0.001 é_%
Trajectory analysis outcomes - -§‘
HAQ-DI: mean (SD) 1.0(0.7) 0.4 (0.5) 0.7 (0.6) 1.2 (0.5) 1.7 (0.7) <0.001 )
©
Pain VAS: mean (SD) 46 (26) 26 (24) 40 (23) 51 (23) 61 (21) <0.001 o
Arthritis condition VAS: mean 46 (26) 27 (26) 40 (25) 53 (22) 61 (21) <0.001 g
(SD) é
Global health VAS: mean (SD) 63 (20) 76 (19) 69 (17) 60 (17) 48 (19) <0.001 3
AQoL utility index: mean (SD) 0.52 (0.25) 0.74 (0.21) 0.63 (0.18) 0.48 (0.19) 0.26 (0.17) <0.001 S
Medications: n (%) g
Opioids 330 (33%) 25 (15%) 70 (25%) 121 (38%) 114 (52%) <0.001 i
Prednisolone 471 (48%) 66 (39%) 141 (49%) 146 (46%) 118 (54%) 0.022 y
NSAIDs 444 (45%) 72 (43%) 138 (48%) 147 (47 %) 87 (40%) 0.37 N
Methotrexate 723 (73%) 141 (83%) 219 (77%) 210 (66%) 153 (70%) <0.001 &
@
Other csDMARD 20 (2%) 1 (0.6%) 4 (1.4%) 9 (29%) 6 (2%) E
b/tsDMARD 537 (54%) 91 (54%) 148 (52%) 167 (53%) 131 (60%) 0.17 %
m
Trend tests (p,,.,) were performed using the Jonckheere-Terpstra test. Pyl
*SES was measured by the Index of Relative Socioeconomic Advantage and Disadvantage (IRSAD). (_i:
AQoL, Assessment of Quality of Life; ARAD, Australian Rheumatology Association Database; BMI, body mass index; b/tsDMARDs, <
biologic/targeted synthetic disease modifying anti-rheumatic drugs; csDMARDs, conventional synthetic disease modifying anti- o]
rheumatic drugs; HAQ-DI, Health Assessment Questionnaire Disability Index; NSAIDs, non-steroidal anti-inflammatory drugs; SES, ;
socioeconomic status; VAS, visual analogue score. O
m
>
o]
m
—
w
X
s
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Table 2 Model fit selection criteria for choosing the optimal number of trajectory latent classes (groups), and the number of

participants assigned to each class

Class 1 Class2 Class3 Class4 Class5
N_classes AlC BIC LL Entropy (%) (%) (%) (%) (%)
1 146 116 146 165 146 096 100 - - - -
2 135720 135 808 135 684 0.95 49 51 - - -
3 132 739 132 866 132 687 0.92 85 37 28 - -
4 131 391 131 558 131 323 0.88 17 29 32 22 -
5 Inestimable (singular variance- - - - - - -

covariance matrix)

Lower values of the Akaike information criterion (AIC), the Bayesian information criterion (BIC) and the log-likelihood (LL) indicate better
model fit. Entropy is the average posterior probability of class membership, with values closer to one indicating greater precision, and values

>0.7 indicating satisfactory discrimination between classes.

were analysed by a random effects, parametric Weibull
‘survival” model, which models the baseline hazard rate
and allows for within-individual dependencies between
treatment failure episodes. The Weibull survival model
had both proportional-hazards (PH) and accelerated
failure-time (AFT) parameterisations, and both were
reported. Regression coefficients for the PH model
were expressed as HRs, with values of >1 indicating an
increased risk of ‘failure’ occurring compared with the
reference group at any given time point. For the AFT
model, the regression coefficients were expressed as
time ratios (TRs), with values of <1 indicating shorter b/
tsDMARD ‘“failure’ times.

RESULTS

A total of 988 ARAD participants were included in the
study, the majority of whom were of Caucasian ancestry
(93%) and spoke English at home (98%). Participants
were predominantly female (71%) with a mean age at
ARAD entry of 54 years (SD of 11) and a mean disease
duration of 2.3 years (SD 1.4). The mean ARAD follow-up
time was 6.7 years (maximum 15 years), as outlined in
table 1.

Description of trajectories

Using multi-trajectory modelling, study participants were
stratified into four, approximately equally sized, distinct
pain-related health status groups. Four subgroups were
selected based on the best model fit (minimum AIC, BIC
and log-likelihood criteria) and a high entropy score
(the average posterior probability of class membership)
(table 2). Additional information on the model output
was reported in online supplemental file.

The fitted multi-trajectories over time for each outcome
measure for each group were reported in figure 1. The
major difference between the groups was readily identifi-
able as the location (level) of the scores for each outcome,
rather than the shape of the trajectories over time, and in
fact, changes over time within each group were relatively
small. Importantly, the patterns across each of the five
outcome measures were remarkably similar, indicating

that they measure the same underlying (latent) pain-
related health construct. The four subgroups of study
participants were therefore interpreted as an ordered
classification of pain-related health status ranging from
‘better pain-related health status’ in group 1 to ‘poorer
pain-related health status’ in group 4.

Baseline comparisons

Baseline comparisons between the four pain-related health
status groups were reported in table 1. There was an
increasing female predominance with poorer pain/health
status (from 56% in group 1 to 77% in group 4, p<0.001),
and a relatively small, but statistically significant, trend for
baseline age (from 52 yearsin group 1 to 54 yearsin group 4,
p=0.003). Importantly, the disease duration at ARAD entry
was comparable across all four groups. In terms of other
sociodemographic variables, obesity, current smoking,
comorbidity index and lower SES indicators (such as educa-
tion level, being on disability support and IRSAD quintile)
were all associated with poorer pain/health status. Of note,
30% of those with poorer pain-related health status had
self-reported diagnosis of depression, which was signifi-
cantly higher than those in the better pain-related health
status group (3%) (online supplemental table 1).

In detail, the five pain-related health outcome measures
used for the multi-trajectory analysis were each different
at baseline between the four groups of participants. When
comparing the ‘better’ (group 1) to ‘poorer’ (group 4)
groups at baseline, the HAQ-DI increased from 0.4 to 1.7,
pain VAS from 26 to 61, arthritis condition VAS from 27
to 61, whereas the global health VAS decreased from 76
to 48 and the AQoL utility index decreased from 0.74 to
0.26 (all p<0.001). This was accompanied by an increase
in baseline opioid use (from 15% to 52%), predniso-
lone use (from 39% to 54%), and perhaps surprisingly,
lower methotrexate use (from 83% to 70%), which was
possibly offset by a statistically non-significant increase in
b/tsDMARD use (from 54% to 60%, p=0.17). However,
differences in medication use between the pain-related
health status groups was subsequently explored in detail
over the duration of follow-up.
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Table 3 Longitudinal random effect panel regression modelling analysis of the four pain-related health status trajectory
groups as predictors for medication use during Australian Rheumatology Association Database follow-up

Trajectory group Marginal probability (95% CI) OR (95% CI) P value
Opioid use: p, ., <0.001
Group 1 (better) 0.08 (0.05 to 0.10) 1 (base)
Group 2 0.18 (0.15 to 0.21) 4.7 (2.6t08.7) <0.001
Group 3 0.36 (0.33 to 0.40) 24.9 (13.7 to 45.4) <0.001
Group 4 (poorer) 0.57 (0.52 to 0.62) 116.1 (61.0 to 221.1) <0.001
Prednisolone use: p,., <0.001
Group 1 (better) 0.26 (0.21 to 0.30) 1 (base)
Group 2 0.36 (0.32 to 0.41) 3.3(1.5t07.2) 0.003
Group 3 0.44 (0.39 to 0.48) 7.5(3.410 16.2) <0.001
Group 4 (poorer) 0.53 (0.48 to 0.57) 23.0 (9.9 t0 53.7) <0.001
NSAID use: p,,.,.=0.003
Group 1 (better) 0.27 (0.23 t0 0.32) 1 (base)
Group 2 0.39 (0.35 to 0.43) 2.7(1.5t04.7) 0.001
Group 3 0.41 (0.37 to 0.45) 3.2(1.8t05.6) <0.001
Group 4 (poorer) 0.37 (0.32 t0 0.42) 2.4 (1.3t04.3) 0.005
Methotrexate use: p, ., =<0.001
Group 1 (better) 0.78 (0.74 t0 0.82) 1 (base)
Group 2 0.75 (0.71 t0 0.78) 0.60 (0.28 to 1.33) 0.21
Group 3 0.65 (0.61 to 0.70) 0.20 (0.09 to 0.44) <0.001
Group 4 (poorer) 0.68 (0.63 to 0.74) 0.28 (0.12 to 0.65) 0.003
Other csDMARDs use: p,,.,. p=0.001
Group 1 (better) 0.01 (0.00 to 0.02) 1 (base)
Group 2 0.02 (0.01 to 0.03) 3.7 (0.6 t0 24.7) 0.18
Group 3 0.04 (0.03 to 0.06) 21.9 (3.6 to 134.4) 0.001
Group 4 (poorer) 0.04 (0.03 to 0.05) 15.2 (2.3 to 100.5) 0.005
b/tsDMARD use
1. No b/tsDMARDs: p, ., =0.34
Group 1 (better) 0.35 (0.30 to 0.39) 1 (base)
Group 2 0.32 (0.29 to 0.35) 1 (base)
Group 3 0.32 (0.29 to 0.36) 1 (base)
Group 4 (poorer) 0.31 (0.27 to 0.35) 1 (base)
2. TNF inhibitors: p, .. =0.002
Group 1 (better) 0.56 (0.51 to 0.61) 1 (base)
Group 2 0.55 (0.52 to 0.59) 1.14 (0.6 to 2.2) 0.69
Group 3 0.50 (0.46 to 0.53) 0.85 (0.44 to 1.62) 0.61
Group 4 (poorer) 0.48 (0.44 to 0.53) 0.86 (0.42 to 1.75) 0.68
3. Other b/tsDMARD:s: p, . <0.001
Group 1 (better) 0.09 (0.06 to 0.12) 1 (base)
Group 2 0.13 (0.10 to 0.15) 2.19 (0.95 to 5.05) 0.065
Group 3 0.18 (0.15 to 0.20) 4.47 (1.98 to 10.09) <0.001
Group 4 (poorer) 0.21 (0.17 to 0.24) 6.87 (2.87 to 16.46) <0.001

Results are reported as both marginal probabilities (frequencies) and ORs with 95% Cls. Significance values are derived from both
orthogonal polynomial linear contrasts of the marginal probabilities (p, ) reflecting an overall ordinal trend, and Wald tests for individual

ORs (p value).

b/tsDMARDs, biologic/targeted synthetic disease modifying anti-rheumatic drugs; csDMARDs, conventional synthetic disease

modifying anti-rheumatic drugs; NSAID, non-steroidal anti-inflammatory drug; TNF, tumour necrosis factor.
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Figure 2 Marginal hazard rate for recurrent biologic/targeted synthetic disease modifying anti-rheumatic drug (b/tsDMARD)
modification events estimated from a random effects Weibull parametric time-to-event proportional hazards model. The risk
(hazard) of a b/tsDMARD treatment modification was greatest during the first 2 years or so following ARAD entry, and stabilised
thereafter. ARAD, Australian Rheumatology Association Database.

Longitudinal (panel) mixed model regression analysis of
medication use

Table 3 outlined the time-varying differences in medica-
tion use between the pain-related health status trajectory
groups during ARAD follow-up.

Opioid, prednisolone and NSAIDs use each increased
across the four pain-related health status groups. The
difference in opioid use was the most marked, with the
marginal probability increasing from 0.08 in the ‘better
pain-related health status’ group (group 1) to 0.57 in
the ‘poorer pain-related health status’ group (group 4)
(Pjinea,<0-001). The marginal probability for prednisolone
use was overall quite high, with an increase from 0.26 to
0.53 (p,;,.,<0.001).

In terms of DMARD use, the trend towards lower meth-
otrexate use in those with poorer pain-related health
status observed at baseline continued during follow-up
with marginal probability ranging from 0.78 to 0.68

(Pjinea<0-001). Although the use of other conventional
synthetic DMARDs was low overall, the use of these medi-
cations increased with poorer pain-related health status.
Overall, b/tsDMARD use was comparable across the four
pain-related health status groups (p=0.34) but varied by
type of b/tsDMARD. Specifically, tumour necrosis factor
(TNF) inhibitor use decreased with poorer pain-related
health status (marginal probability decreased from
0.56 to 0.48, p. . =0.002), which was compensated by
an increase in the use of other b/tsDMARDs (marginal
probability increased from 0.09 to 0.21, p, . <0.001).

Time-to-event analysis of b/tsDMARD modification

A total of 1567 b/tsDMARD modification episodes were
identified for 988 participants in this analysis, with a
median number of 2 episodes. The underlying hazard
rate for b/tsDMARD modification (figure 2) indicated
that the risk of b/tsDMARD treatment modification was

Table 4 Time-to-event analysis of recurrent biologic/targeted synthetic disease modifying anti-rheumatic drug treatment

modifications

HR
Trajectory group (95% ClI) Time ratio (95% CI) P value
Group 1 (better) 1 (base) 1 (base)
Group 2 1.20 (1.01 to 1.42) 0.67 (0.46 to 0.98) 0.041
Group 3 1.58 (1.35 to 1.87) 0.36 (0.25 to 0.52) <0.001
Group 4 (poorer) 1.78 (1.50 to 2.10) 0.28 (0.19 to 0.41) <0.001

Analysis was performed by a random effects parametric Weibull time-to-event proportional hazards model, which may be parameterised as

either an increased risk (HR) or accelerated failure time (time ratio).
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highest within the first 2 years or so after ARAD study
entry and plateaued thereafter.

Similar to our other results, there was an ordinal trend
across the poorer pain-related health status groups, and
the HR for b/tsDMARD modification for the ‘poorer
pain-related health status’ (group 4) compared with the
‘better pain-related health status’ (group 1) was 1.78
(95% CI 1.50 to 2.10, p<0.001), as outlined in table 4.
Alternatively, the AFT parameterisation indicated that
the time to b/tsDMARD modification/failure was shorter
by approximately 70% for group 4 participants compared
with group 1 participants.

DISCUSSION

In this study of patients with rheumatologist-diagnosed
RA, we used multi-trajectory analysis to identify subgroups
of participants with an increasingly poorer pain-related
health status. This type of analysis enabled us to examine
risk factors, changes over time and medication use.

Our results highlight the strong interdependency
between pain experience and overall health status in
patients with RA. In part, pain experience in RA may be
a proxy for the overall health status of the individuals.
Notably, we observed these parallel patterns of synchro-
nous trajectories of high pain and poor global health
and more disability, and vice versa, from the outset and
throughout the study follow-up period. Further, the
changes over time within trajectory groups were minimal
relative to the differences between groups, implying that
DMARD treatment alone may not be sufficient to manage
chronic pain in RA. However, there may be a window of
opportunity early in the course of RA disease to identify
patients at high risk of developing persistent pain.

Our study results showed that lifestyle factors, comor-
bidities and socioeconomic indicators, which are likely
interrelated, were risk factors for a persistently poorer
pain-related health status. These findings are similar to
those from a large French observational study, which
highlighted the temporal implications of pain heteroge-
neity and sociodemographic characteristics throughout
the disease course.** Over the last two decades, the
comorbidity burden at the time of RA diagnosis has risen,
implying the need for early identification and better treat-
ment tailoring for these at-risk individuals.” Additionally,
our study findings have demonstrated high proportions
of self-reported depression in those with poorer pain-
related health status. The burden of pain in RA is highly
correlated with levels of anxiety and depression, high-
lighting the unmet needs to consider open discussion
of any psychological factors early on with these atrisk
individuals, and to provide early psychosocial support or
interventions as necessary.

The wuse of opioids, prednisolone and NSAIDs
throughout follow-up was higher in participants with
worsening pain-related health status. The relationship
with opioid use was the most marked, and consistent with
a prior study of opioid use in the ARAD cohort which

concluded that NSAID and DMARD treatment did not
obviate opioid use in all patients.*” Evidence for the bene-
fits of opioid use in treating RA pain is minimal, resulting
in a conditional recommendation against opioid use in
the latest Australian Living Guideline for the treatment
of inflammatory arthritis.*® Concerningly, a recent Amer-
ican study has demonstrated that despite increasing
awareness of the risks and harms associated with opioid
use, chronic opioid use approximately doubled in
patients with RA between 2002 and 2015, and was asso-
ciated with pain, antidepressant use, high disease activity
and disability.*’ In terms of prednisolone use, the Austra-
lian Living Guideline for the treatment of inflammatory
arthritis recommends against long-term use of gluco-
corticoids in RA, and suggest aiming for the lowest dose
and shortest possible duration of use of glucocorticoids
when used for treatment of disease flare or as a bridging
therapy when initiating DMARDs.”” The relatively high
probability of prednisolone use in this study, even in
those with better pain-related health status, is potentially
of concern. However, there is insufficient information
in ARAD in terms of disease activity, prednisolone dose
and duration to determine the appropriate prescribing
of prednisolone in this study. Overarchingly, our study
findings suggest that individuals with poorer pain-related
health status did not experience abrogation of their pain
level over time, despite greater use of opioids, prednis-
olone and anti-inflammatories. These at-risk individuals
warrant further attentions when it comes to dissecting
the underlying natural history of their pain experience,
particularly in differentiating inflammatory and non-
inflammatory pain in RA. In a proof-of-concept study by
Wohlfahrt and her colleagues, lower knee pressure pain
thresholds and conditioned pain modulation were shown
to be predictive of DAS28 in those with low-moderate
disease activity (pre-DMARD) and with higher baseline
disease activity (postDMARD), respectively.”’ Using these
indices of pain sensitisation measures, in addition to the
standard disease activity composite measures, may allow
future personalised mechanism-specific pain interven-
tions in RA, targeting those with PGA-near remission.’®

The propensity of participants with RA and with poorer
pain-related health status to have both used non-TNF
inhibitor biological therapy, and experienced more b/
tsDMARD treatment modifications, is consistent with
more refractory and difficult-to-treat disease. Indeed, a
prior study of ARAD participants identified that a lack
of treatment response and side effects were the most
common reasons for changing b/tsDMARDs, regardless
of the line of treatment choice.” High pain level at the
outset which persisted for up to 12 months was a strong
predictor of discontinuation of TNF inhibitors, as shown
in a British study of patients with RA.”* Intriguingly, this
was predominantly driven by the patientreported pain/
health components (as opposed to the inflammatory
components) of the DAS28.”

In the current T2T strategy in managing patients with
RA, the best approach to implement PGA in assessing
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disease activity in RA remains controversial. Specifically,
dilemma remains on how best to incorporate a compre-
hensive evaluation of the overall well-being and the
patientreported disease impact of individuals living with
RA, distinct from the disease inflammation.'” Although
PGA is not necessarily a true reflection of biomarker of
disease activity in RA, our study confirms the importance
of early and consistent identification and intervention
of pain-related health concerns in those atrisk individ-
uals throughout the disease trajectory, as proposed in
the current EULAR definition of ‘difficult-to-treat’ RA.”
There is emerging evidence that the treatment response
with regards to the self-reported pain/health (tenderjoint
counts, global health) components of the DAS28 may be
uncoupled from the inflammatory components response
in some patients when assessing RA disease activity,
suggesting a greater contribution of non-inflammatory
factors, including central sensitisation, to pain in these
patients.'* " In addition, a pragmatic dual-target strategy,
focusing on disease inflammation and disease impact
as separate composite indices, has been proposed to
further refine the definition of disease remission in
RA.'7 %57 Focusing on capturing target information on
disease impact, Patient Experienced Symptom State and
seven items of Rheumatoid Arthritis Impact of Disease
are some of the promising PGA tools that are feasible
and universally acceptable for regular use in clinical
practice.'” *** Unfortunately, in our study, we were not
able to evaluate this factor as disease activity information
was not available in the ARAD cohort. Nonetheless, our
study results indicate there is an unmet need to incorpo-
rate a careful well-being evaluation of patients with high
pain and poor health status at diagnosis with the view
to the development of appropriate management strate-
gies in addition to suppression of inflammatory disease.
Overarchingly, when implemented early from the outset
of RA diagnosis, integrative health approaches such
as psychological and social welfare access and support,
interventions in physical activity and lifestyle factors,
and management of comorbidities and related modifi-
able risk factors may influence the overall outlook of the
health status of patients living with RA.* ® Timely use of
these valuable integrative health strategies may promote
more sustainable multidisciplinary care for patients with
RA.

This was a long-term longitudinal study of pain-related
health outcomes in a well-characterised, well-treated
Australian RA cohort. Australia has universal healthcare,
and all participants were under the care of a rheuma-
tologist, with access to appropriate medications under
the Pharmaceutical Benefits Scheme (PBS). Further,
our cohort was homogenous in relation to ancestry and
language. Therefore, confounding due to major inequi-
ties in access to, and navigation of healthcare were likely
to be minimised. However, there are other limitations
in our study. First, disease activity information was not
available, limiting our study capability to track the rela-
tionship between disease activity and pain/health status.

Second, medication use was self-reported. Although the
accuracy of self-reported medication use by ARAD partic-
ipants has been previously validated against data from
the Australian PBS, dosage information and exact dura-
tion of medication use was not available.* % Third, data
on other non-inflammatory rheumatological diagnoses
were not specifically captured in the ARAD dataset, and
therefore, our study results may not be generalisable to
patients with RA and other concomitant chronic pain
conditions such as fibromyalgia. Fourth, in our trajec-
tory analysis, although we did not perform any training,
testing and validation of our study dataset, we have based
our optimal model selection on the recommended stan-
dard model parameters required for trajectory study
reporting, such as the use of AIC, BIC, log-likelihood
criteria, entropy and the average posterior probability of
class membership.43

In summary, poorer pain-related health status in
patients with diagnosed RA in this ARAD cohort is asso-
ciated with sociodemographic and lifestyle factors, and
these time-varying factors do not appreciably improve
during follow-up despite increased opioids, predniso-
lone and anti-inflammatory medication use as well as
b/tsDMARD treatment modification. Early identifica-
tion of those potentially at risk of worse prognosis in the
context of persistently poorer pain-related health status
in RA is necessary. Holistically, there is an unspoken
requisite to consider the overall outlook of well-being
in patients with RA when assessing disease activity and
treatment response, ideally at the time of diagnosis and
continuously throughout the disease course. Having
better understanding of the evolution of health status in
patients living with RA, alongside their pain experience,
will fundamentally enrich the opportunities in providing
high-quality patient-focused care.
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