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ABSTRACT

Introduction: Inflammation has been sug-
gested to be involved in the pathogenesis of
osteoarthritis and pain. We sought to explore
the associations between inflammatory serum
markers and magnetic resonance imaging-de-
fined long-term structural change and pain
trajectory.

Methods: A total of 169 randomly selected
participants (mean age 63 years; 47% female)
from a prospective cohort study were included
in this study. Circulating levels of interleukin 6
(IL-6), tumour necrosis factor alpha (TNF-o) and
high-sensitivity C-reactive protein (CRP) were
measured at baseline. A knee MRI scan was
performed to measure cartilage volume (CV)
and bone marrow lesions (BMLs) at baseline and
at 10.7 years. Knee pain at four visits was mea-
sured by the WOMAC pain questionnaire, and
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pain trajectories were identified using group-
based trajectory modelling. Linear, log-bino-
mial and multi-nominal logistic regression were
used for the analyses.

Results: IL-6 was associated with lateral but not
medial tibial CV loss (f = — 0.25% per annum,
per standard deviation [SD] log pg/ml; P < 0.05)
in the multivariate analysis. IL-6 was also asso-
ciated with a ‘Moderate pain’ trajectory (relative
risk ratio 1.93 per SD log pg/ml; 95% confidence
interval 1.02-3.65) relative to the ‘Minimal
pain’ trajectory group. There was no significant
association of TNF-o and CRP with CV loss and
pain trajectory groups with the exception of a
beneficial relationship between CRP and medial
tibial CV loss (f = 0.20% per annum, per SD log
mg/l). No association between inflammatory
markers and change in BML size was observed.
Conclusions: 1L-6 was independently associ-
ated with compartment-specific CV loss and
worse pain trajectory, but the other markers
studied were not, suggesting that components
of inflammation are implicated in the patho-
genesis of cartilage loss and developing a worse
pain course.

Keywords: Interleukin 6; Tumor necrosis
factor-alpha; C-reactive protein; Inflammation;
MRI; Pain; Knee; Osteoarthritis
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Key Summary Points

Why carry out this study?

Inflammation has been suggested to be
involved in the pathogenesis of
osteoarthritis and pain.

Osteoarthritis and pain are heterogenous,
so inflammation may be a driving
mechanism in developing the
heterogeneity of osteoarthritis and pain.

The aim of this study was to investigate
whether circulating levels of
inflammatory markers are associated with
knee pain trajectories/subgroups that were
previously identified and structural
change visible on magnetic resonance
imaging, over a long follow-up period.

What was learned from the study?

Elevated levels of interleukin 6 increased
the risk of developing worse pain
trajectory and more lateral tibial cartilage
volume loss.

The findings suggest that components of
inflammation are implicated in
developing a worse pain course and the
pathogenesis of cartilage loss.

INTRODUCTION

Osteoarthritis (OA) is a painful and entire-joint
structural condition that involves cartilage,
subchondral bone and synovium [1]. Unfortu-
nately, no treatment is currently available that
targets both disease progression and the pain
that is the most defining symptom of OA. Cur-
rent OA treatments are palliative and primarily
focus on pain relief, but the effect of commonly
prescribed medications is modest with a sub-
stantial risk of adverse effects [2].

Although the aetiology of OA is not fully
understood, inflammation is increasingly con-
sidered to be a crucial driver of OA pathology

and pain [3, 4]. There is evidence suggesting
that inflammatory factors such as proinflam-
matory cytokines are key mediators in the
pathophysiology of OA [3, 5]. Tumour necrosis
factor alpha (TNF-o) and interleukin 1 (IL-1B),
produced by activated chondrocytes, synovio-
cytes and mononuclear cells [6], are considered
to be the prominent mediators among proin-
flammatory cytokines in OA [3, 7], able to
induce the inflammatory cascade indepen-
dently or together with other cytokines [3],
such as by stimulating IL-6 production [8].
C-reactive protein (CRP), a systemic marker of
inflammation, is regulated by proinflammatory
cytokines (e.g. IL-6). Epidemiological studies,
including our own research, have shown that
local/circulating levels of these proinflamma-
tory cytokines (e.g. TNF-o, IL-6) and CRP are
linked to X-ray/magnetic resonance imaging
(MRI)-defined knee OA progression and pain
change in the short term [9-16].

For this reason, targeting inflammation has
been the focus of OA clinical trials; however,
these trials mostly have not shown positive
effects [2, 17, 18]. This scarcity of effects may be
partially due to OA being not one disease, but
rather composed of distinct subgroups with
different mechanisms underlying each sub-
group, such that inflammation may be only
present in one subset of OA patients [19-21].
Hence, assessment of inflammatory markers
may allow for the identification of subgroups of
OA patients who are at a higher risk of disease
progression. However, there are currently very
few biomarkers that can predict structural pro-
gression, particularly in the long term [22]. We
recently identified distinct knee OA pain tra-
jectories/subgroups and found worse pain tra-
jectories to be associated with the presence of
metabolic syndrome [23, 24], suggesting that
the underlying mechanisms of different pain
trajectories may be different. Based on this
presumption, inflammation may also play a
different role in the distinct pain subgroups,
and thus may be used to classify pain subgroups
to apply a tailored treatment. Currently,
research on the long-term relationship between
inflammatory markers and MRI-defined struc-
tural changes is scarce, and no study has yet
examined whether inflammation increases the
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risk of developing different pain subgroups.
Therefore, the aim of this study was to investi-
gate whether circulating levels of IL-6, TNF-a
and CRP are associated with MRI-defined
structural change over a long follow-up period
and the knee pain trajectories we identified.

METHODS

Participants

The Tasmanian Older Adult Cohort Study
(TASOAC) is a prospective and population-
based cohort study of 1099 participants in
Southern Tasmania, Australia (population
229,000) who were randomly selected from the
electoral roll between 2002 and 2004, with an
equal number of men and women. The electoral
roll included eligible electors if they were aged
> 18 years, an Australian citizen and an elector
entitled to vote at House of Representatives
election or qualified to become such an elector.
Institutionalised older adults were excluded.
Participants were aged between 50 and 80 years
at the time of recruitment and were followed up
at 2.6, 5.1 and 10.7 years post-recruitment; a
total of 875, 768 and 563 participants partici-
pated in the follow-up at these time points,
respectively. The flow chart of the TASOAC
study is shown in Electronic Supplementary
Material (ESM) Fig. S1. The participants pro-
vided detailed information via questionnaires
and interview, allowed blood sample collection
and underwent clinical assessments. The cur-
rent study was a sub-study of the TASOAC in
which 193 participants were randomly selected
for inflammatory marker testing at baseline.
The TASOAC received ethical approval from the
Southern Tasmanian Health and Medical
Human Research Ethics Committee. All partic-
ipants provided written informed consent to
participate in the TASOAC. This study was per-
formed in accordance with the Helsinki Decla-
ration of 1964 and its later amendments.

Outcome Measurements

Knee Structures Visible on MRI

Participants underwent MRI examinations of
their right knee at baseline and at 10.7 years of
follow-up using a 1.5-T whole-body MR unit
(Picker International Inc., Cleveland, USA)
equipped with a commercial transmit-receive
extremity coil, as previously described [25]. The
imaging sequences consisted of: (1) a T1-
weighted fat saturation three-dimensional (3D)
gradient-recalled acquisition in the steady-state;
and (2) a T2-weighted fat saturation 2D fast
spin-echo.

Knee Cartilage Volume Knee cartilage volume
(CV) on T1-weighted MR images was measured
by two trained and blinded observers using the
image-manipulation softward Osiris (University
of Geneva, Geneva, Switzerland) as previously
described [26]. Disarticulation contours around
the cartilage boundaries were manually drawn
on a section-by-section basis to isolate the
medial and lateral tibial CV from the total vol-
ume, these were then resampled using bilinear
and cubic interpolation for the final 3D ren-
dering. The coefficient of variation for medial
and lateral tibial CV measures was 2.1% and
2.2%, respectively [26]. The following formula
was used to calculate the rate of CV change per
annum: percentage change per annum = 100 x
([follow-up CV — baseline CV]/baseline
CV)/time between two scans in years.

Bone Marrow Lesion Bone marrow lesion
(BML) was defined as areas of increased signal
adjacent to the subcortical bone on T2-weigh-
ted MR images and was scored by a trained
observer using OsiriX software. The maximum
area (in mm?) of the lesion in the subregion of
medial and lateral tibial sites was scored.
Intraobserver repeatability was established with
an intraclass correlation coefficient (ICC) of
0.98 (95% confidence interval 0.96-0.99). We
defined the BML size increase if any change in
BML size from baseline to the follow-up exam-
ination at 10.7 years was greater than the least
significant criterion (52 mm?) that took into
account the measurement error and the
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correlation between the two BML measure-
ments [27].

Knee Pain

Knee pain was evaluated at baseline and at the
three follow-ups using the Western Ontario and
McMaster Universities Osteoarthritis Index
(WOMAC) pain questionnaire. This pain ques-
tionnaire comprises five questions, with partic-
ipants asked to state their perceived pain while
walking on a flat surface, going up or down
stairs, sleeping at night, sitting or lying and
standing. FEach question was scored on a
10-point scale (0-9) with a higher score indi-
cating greater pain intensity [28], and a total
WOMAC pain score was calculated by summing
the scores for the five questions (0-45).

Exposure Measurements

Serum levels of IL-6, TNF-o and CRP were mea-
sured at baseline, as previously described
[11, 13]. The minimum levels of detection of
the assay for IL-6, TNF-o and CRP were 2.0 pg/
ml, 4.0 pg/ml and 0.01 mg/l, respectively. The
coefficients of variation for IL-6, TNF-o and CRP
were 8, 6 and 4.8%, respectively.

Covariate Measurements

Participants’ age and sex were collected via a
questionnaire. Height was measured using a
stadiometer, and weight was measured using a
single pair of electronic scales (Delta Model 707;
Seca GmbH & Co., Hamburg, Germany), fol-
lowing which body mass index (BMI) was cal-
culated (kg/m?). Pedometers (models Omron
HJ-003 & HJ-102; Omron Healthcare, Kyoto,
Japan) were used to measure participants’
physical activity, expressed as steps per day, as
previously described [25]. Participants were
asked to state ‘how much have they been
bothered by emotional problems during the
past 4 weeks, such as feeling anxious, depressed
or irritable?’. Response options included ‘not at
all’, ‘very little’, ‘moderately’, ‘quite a lot’ and
‘extremely’. If participants gave a response of
‘very little’ or worse, they were considered to be
experiencing emotional problems. Participants

were asked to report any common conditions
diagnosed by a doctor, including diabetes, heart
attack, hypertension, thrombosis, asthma,
bronchitis/emphysema, hyperthyroidism,
hypothyroidism, and rheumatoid arthritis. The
total number of comorbidities was calculated
and ranged from zero to nine. Radiograph
assessment was completed at baseline and has
been previously described in detail [29]. Briefly,
knee radiographs with a standing anteroposte-
rior semiflexed view of the right knee were
obtained and scored using the Altman atlas for
osteophytes and joint space narrowing (JSN) on
a 4-point scale (0-3) [30]. The ICCs were 0.99 for
osteophytes and 0.98 for JSN. The presence of
radiographic knee OA (ROA) was defined as any
score of > 1 for osteophytes or JSN.

Statistical Analysis

The distribution of the values of inflammatory
markers was checked using the Shapiro-Wilk
test. The levels of all markers were natural log-
transformed for normalisation. Any outlier was
excluded if the concentration was either greater
than the mean + 3x the standard deviation
(SD) or less than the mean + 3x the SD. Two
outliers were removed from our analyses.
Means + SD and medians (interquartile range)
and percentages were used to describe contin-
uous and categorical variables, respectively. The
t-test, Mann-Whitney U-test and Chi-square
test were used to compare differences in par-
ticipants’ characteristics between participants
included and not included in this study where
appropriate. Linear and log-binomial regression
were used to evaluate the association of each
marker with CV loss (percentage change) and
BML size increase before and after adjustment
for covariates, including age, sex, physical
activity, comorbidities and ROA, respectively.
As previously described, we identified three
knee pain trajectories using group-based trajec-
tory modelling [23]. Multi-nominal logistic
regression was then used to assess the associa-
tions between markers and pain trajectory
groups before and after controlling for covari-
ates, including age, sex, physical activity,
comorbidities, emotional problems and ROA.
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TNF-o was additionally adjusted for IL-6 to test
whether IL-6 was associated with CV loss and
pain trajectories, independent of TNF-a. We
standardised IL-6, TNF-a and CRP values by
dividing each one by the corresponding SD to
make the results comparable across different
markers. It has been reported that IL-6, TNF-o
and CRP can be produced in adipose tissue
[31-33]; therefore, BMI may be part of the
cytokine-structural change—pain causal path-
way, and was not adjusted in the models. The
data analyses were performed using Stata soft-
ware (V.16) (StataCorp, College Station, TX,
USA). A p value of < 0.05 was considered to be
statistically significant.

RESULTS

A total of 193 participants were randomly
selected from the entire cohort of TASOAC for
inflammatory marker testing at baseline; of
these participants, data on all inflammatory
markers pertinent to this study were available
for 182 of them. Of the 182 participants, 82 and
seven were excluded from analyses of knee
structural change due to missing MRI data and
missing covariate measurements, respectively,
and 13 participants were excluded from the

pain trajectory analyses due to missing covari-
ate measurements (Fig. 1). Thus, the analyses of
the current study included 93 participants in
the analyses on MRI-defined structural change
and 169 participants in those for pain trajec-
tory. Of the 169 participants, the mean (£ SD)
age was 63.2 + 7.2 years and mean BMI was
27.4 + 4.4 kg/m? 47% were women; and 56%
had ROA (Table 1). There were no significant
differences in participants’ characteristics
between participants included and not included
in this study (ESM Table S1). Over 10.7 years
of follow-up, CV decreased and BML size
increased, while pain level appeared to be
stable (ESM Table S2).

Tables 2 and 3 show the associations of IL-6,
TNF-a and CRP with CV loss and BML size
increase in the medial/lateral tibial compart-
ment over 10.7 years of follow-up. In the uni-
variate analyses, IL-6, TNF-o and CRP were not
found to be associated with medial or lateral
tibial CV loss, except that IL-6 was associated
with more lateral tibial CV loss than the other
two infammatory markers (Table 2). The sig-
nificant association between IL-6 and lateral
tibial CV loss persisted after adjustment for age,
sex, physical activity, comorbidities and ROA.
Further adjustment for TNF-a for IL-6 also did

193)

Participants selected at baseline ‘

|

A

o

Missing CRP data
(N=11)

N=

Participants having all inflammatory markers at baseline

182)

Missing baseline and Phase 4 MRI data
(N=82)

-

A4

Participants having outcome and exposure measurements
(N=100)

Participants having pain data included in the trajectory analysis
and exposure measurements
(N=182)

Missing covariates data (excluding ROA)
N=7)

<

A 4

Missing covariates data (excluding ROA)
(N=13)

_

A4

Participants eligible for analyses
(N=93)

Participants eligible for analyses
(N=169)

Fig. 1 Flow chart of the study. CRP C-reactive protein, MRI magnetic resonance imaging, ROA radiographic knee

osteoarthritis
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Table 1 Characteristics of participants

Characteristics Values (N = 169
participants)

Age (years) 632 +72

Female, 7 (%) 79 (47)

BMI (kg/m?) 274 + 4.4

Physical activity (steps/day) 9027.1 & 3008.2

Emotional problem, » (%) 113 (67)
Number of comorbidities 1.0 £ 1.1

Radiographic knee OA?, 89 (56)
7 (%)

WOMAC pain 3.0 £52
Inflammatory markers
IL-6 (pg/ml) 29 (2.0, 4.0)
TNF-o. (pg/ml) 72 (5.1, 11.5)
CRP (mg/1) 2.3 (1.1, 42)
CV® (ml)
Medial tibial 1.5+ 04
Lateral tibial 21+ 06
BML® (mm?)
Medial tibial 11.6 + 39.4
Lateral tibial 43 £ 15.1
Absolute change in CV® (ml)
Medial tibial —02+£02
Lateral tibial —03+£02

Absolute change in BML size® (mm?)
Medial tibial 383 £ 983
Lateral tibial 251 £ 752

Percentage change in % (per annum)
Medial tibial — 141038
Lateral tibial - 11+07

BML size increase’ (> 52 mmz), n (%)

Medial tibial 20 (21)

Table 1 continued

Characteristics Values (N = 169
participants)
Lateral tibial 12 (13)

Values are presented as the mean =+ standard deviation
(SD) or as the median with the interquartile range in
parentheses, except when indicated as 7 (%)

BMT Body mass index, BML bone marrow lesion, CRP
C-reactive protein, CV cartilage volume, IL-6 interleukin
6, OA osteoarthritis,7NF-0. tumour necrosis factor alpha,
WOMAC Western Ontario and McMasters Osteoarthritis
Index

*Knee x-ray data were available for 158 participants
*There were 93 participants who had MRI scans at base-
line and phase 4

not change the association (data not shown).
Surprisingly, after controlling for covariates,
CRP became significant with medial tibial CV
loss with per SD log-transformed CRP increase
associated with less medial tibial CV loss. No
inflammatory marker was found to associate
with medial or lateral BML size (Table 3).

Of 169 participants, 54% (n=92), 35%
(n=59) and 11% (n = 18) fell into ‘Minimal
pain’, ‘Mild pain’ and ‘Moderate pain’ trajectory
group, respectively. There was a trend toward an
increase in the concentration of IL-6 as pain
trajectory groups worsened (Fig.2). Table 4
presents the association between inflammatory
markers with pain trajectory groups. Per SD log-
transformed increase in IL-6 was associated with
the ‘Moderate pain’ trajectory as compared to
the ‘Minimal pain’ trajectory before and after
adjusting for covariates. There were no statisti-
cally significant associations between TNF-a and
CRP and pain trajectory groups. When BMI was
also additionally adjusted in the analyses, the
results of the associations of IL-6 with lateral
tibial CV loss and ‘Moderate pain’ trajectory did
not largely alter (ESM Tables S3, S4).
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Table 2 Serum levels of inflammatory markers and knee tibial CV loss over 10.7 years of follow-up

Univariate analysis, f (95% CI)*

Infammatory markers and medial/
lateral tibial compartment

Multivariate analysisb, B (95% CI1)*

Medial tibial

IL-6 — 0.13 (— 0.34, 0.09)

TNEF-o. — 0.14 (— 0.32, 0.03)

CRP 0.12 (— 0.05, 0.29)
Lateral tibial

IL-6 — 0.19 (= 0.37, — 0.01)*

TNE-o 0.02 (— 0.14, 0.17)

CRP —0.02 (- 0.17, 0.13)

— 0.10 (— 0.32, 0.13)
— 0.09 (— 0.28, 0.10)
0.20 (0.02, 0.38)*

— 025 (— 044, — 0.05)"
0.01 (— 0.16, 0.18)
— 0.01 (= 0.17, 0.15)

f Beta, CI confidence interval
*Statistically significant result

*B (95% CI) represents CV loss associated with per SD log-transformed serum levels of inflammatory marker increase

®Adjusted for age, sex, physical activity, comorbidities and radiographic knee osteoarthritis

Table 3 Serum levels of inflammatory markers and BML increase over 10.7 years of follow-up

Infammatory markers and medial/lateral tibial
compartment CI)*

Univariate analysis, RR (95% Multivariate analysis®, RR (95%

(o))

Medial tibial

IL-6 091 (0.53, 1.58)
TNF-o 1.33 (0.92, 1.94)
CRP 0.97 (0.65, 1.44)
Lateral tibial

IL-6 0.99 (0.52, 1.98)
TNF-o 0.79 (0.43, 1.43)
CRP 1.10 (0.65, 1.87)

0.90 (0.51, 1.60)
1.24 (0.83, 1.85)
0.88 (0.58, 1.33)

0.96 (0.50, 1.83)
0.81 (0.45, 1.46)
1.03 (0.62, 1.72)

RR Relative risk

“RR (95% CI) represents the RR of bone marrow lesion increase associated with per SD log-transformed serum levels of

inflammatory marker increase

bAdjusted for age, sex, physical activity, comorbidities and radiographic knee osteoarthritis

DISCUSSION

This study describes the associations between
inflammatory serum markers and MRI-defined
knee structural change and pain trajectory over
the long term. We found that higher levels of

IL-6 were associated with lateral (but not med-
ial) tibial CV loss and with an increased risk of
belonging to a worse pain trajectory group.
Neither TNF-o nor CRP was found to associate
with knee structural change on MR scans and
pain trajectory except for an unexpected
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Fig. 2 Log-transformed concentrations of IL-6 across pain trajectories. Bar graph and error bars represent mean values and

standard deviations, respectively. P for trend was determined by the analysis of variance test. IZ-6 Interleukin 6

positive relationship between CRP and medial
tibial CV loss. These findings support the role of
inflammation in the pathogenesis of both OA
structural change and pain, but also reflect that
inflammation is a driving mechanism for
developing a worse pain course only in a subset
of the patient population with pain. To our
knowledge, this study is the first to examine the
role of inflammatory markers in different pain
subgroups.

That local/circulating IL-6 is implicated in
the pathophysiology of OA is supported by a
large body of evidence [3, 18], but few studies so
far have explored its relationship with MRI-de-
fined structural change. Livshits et al. [10]
reported that increased circulating levels of IL-6
were associated with the incidence of ROA in a
15-year follow-up study. Pelletier et al. [12]
showed that baseline serum levels of IL-6 were
significantly associated with CV loss at the
medial compartment over 2 years in patients
with knee OA. Similarly, an earlier study on our
cohort also found that baseline serum levels of
IL-6 were predictive of both medial and lateral
tibial CV loss over 2.9 years of follow-up. Con-
sistent with these studies, the present study
found more lateral tibial CV loss in association
with elevated levels of IL-6 independent of
covariates, even TNF-o, thereby providing fur-
ther support for a detrimental role of elevated

levels of IL-6 in cartilage metabolism. However,
different associations at the medial/lateral
compartment between studies likely reflect a
greater contribution of mechanical loading to
the medial compartment. As such, the loss of
CV at the medial compartment was higher and
occurred earlier than that at the lateral com-
partment; consequently, there was not too
much CV to lose even with a longer observation
period. In contrast, the present study did not
find an association between IL-6 and BML size
increase. This result is contrary to that of a
2-year follow-up study which found that higher
levels of baseline IL-6 were related to a greater
risk of BML score increase in 192 patients with
knee OA [15]. Other than a discrepancy in par-
ticipants’ characteristics, another possible
explanation for this inconsistency might be
that BML often fluctuates in a short period [34].

IL-6 has been found to serve as pronocicep-
tive mediators which may be directly implicated
in pain generation by acting on nociceptive
neurons [35, 36]. Several clinical studies also
have shown that IL-6 in synovial fluid/serum
was correlated with pain scores [37, 38], but
only few studies have investigated the rela-
tionship of IL-6 with pain change [13, 39].
Higher synovial fluid levels of IL-6 at the time of
surgery were found to predict less pain
improvement at 2 years following total knee
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Table 4 Serum levels of inflammatory markers and 10.7-
year pain trajectory groups

Multivariate
analysis®, RRR
(95% CI)*

Univariate
analysis, RRR
(95% CI)*

Inflammatory
markers and pain
trajectory groups

IL-6
Minimal pain Reference Reference
Mild pain 124 (0.85, 134 (0.84, 2.14)
1.82)
Moderate pain 1.62 (1.01, 1.93 (1.02,
2.60)* 3.65)"
TNF-a
Minimal pain Reference Reference
Mild pain 1.03 (0.73, 0.94 (0.64, 1.39)
1.44)
Moderate pain 1.31 (0.79, 1.24 (0.68, 2.26)
2.18)
CRP
Minimal pain Reference Reference
Mild pain 107 (0.7, 0.99 (0.69, 1.41)
1.49)
Moderate pain 1.43 (0.88, 1.34 (0.76, 2.34)
2.33)

RRR Relative risk ratio

*Statistically significant result

“RRR (95% CI) represents the RRR of belonging to “Mild
pain” or “Moderate pain” group associated with per SD log-
transformed serum levels of inflammatory marker increase
compared to “Minimal pain” group

bAdjusted for age, sex, physical activity, emotional prob-
lems, comorbidities and radiographic knee osteoarthritis

arthroplasty in 28 patients with OA [39]. Like-
wise, we previously reported that higher base-
line serum levels of IL-6 were predictive of
greater change in knee pain while standing over
a S-year follow-up [13]. In line with these
studies, the findings of this study that a higher
concentration of IL-6 was associated with a
more severe pain trajectory not only confirm
the IL-6-pain link, but also extend previous

studies into worsening pain from the group
level using traditional longitudinal analysis to
the individual level that can differentiate dis-
tinct pain subgroups. Our recent studies toge-
ther with previous studies have demonstrated
that pain in OA is heterogenous and consists of
different pain subgroups [23, 24, 40-43]. The
present study found that higher levels of IL-6
increased the risk of “Moderate pain”"—but not
“Mild pain”"—relative to “Minimal pain”, sug-
gesting that inflammation is only present and
participates in pain generation and mainte-
nance in a subset of the OA population. This
finding may partly explain why IL-6 inhibitors
(i.e. tocilizumab) did not improve pain more
than placebo in patients with hand OA after 12
weeks of treatment [44], while there is a possi-
bility that there may not be a sufficient drug
penetration in hand OA where there is less
inflammation. Although it is speculative, an
observed relationship between IL-6 and
“Moderate pain” may indicate pain sensitisation
induced by IL-6, since pain level in the
“Moderate pain” group was highest and
stable over time (data not shown). Supporting
this speculation, studies have found that IL-6-
induced sensitisation cannot be reversed with
the administration of an IL-6-neutralising
compound, suggesting that IL-6-induced sensi-
tisation is persistent once it is established
(45, 46].

TNF-o0 is also considered to be another
important proinflammatory cytokine that is
involved in cartilage destruction [3] and acti-
vation of nociceptors [47]. However, the current
study was unable to show significant associa-
tions of TNF-a with structural change and pain
trajectories. This is broadly in accordance the
results reported in earlier studies, which showed
no link between TNF-a and incident ROA over
15 years [10], and is indirectly supported by our
recent clinical trial of TNF inhibitor treatment
in hand OA patients, showing no pain
improvement as compared to the placebo group
[48]. On the contrary, Botha-Scheepers et al. [9]
reported that TNF-a was associated with radio-
logical progression of knee OA over 2 years. Our
earlier studies from this cohort also showed that
elevated levels of TNF-o at baseline were asso-
ciated with a greater change in knee pain while
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standing [13], but not in CV loss [11], over up to
5 years of follow-up. Given that TNF-o can ini-
tiate and propagate inflammation [3] and that
studies with a shorter follow-up period were
more likely to observe a significant association,
it may be that TNF-a is only involved in the
early stage of structural change and pain gen-
eration. The current study also did not find an
association between CRP and MRI-defined
structural change and pain trajectories, except
for an unexcepted positive relationship between
CRP and medial tibial CV loss. This seems to be
supported by studies that showed no associa-
tion between CRP level and OA progression [16]
and CV loss [11]. Further, the results from pre-
vious studies between CRP level and pain at the
group level are conflicting [13, 14], with the
inconsistencies possibly suggesting that CRP is
not an optimal marker in monitoring structural
changes or pain evolution. The finding that the
CRP level was associated with more medial tib-
ial CV was unexpected and may be due to the
non-specificity of CRP as an indicator of
inflammation other than infection or tissue
damage [49].

The long observation period is a strength of
this study; however, there are several limita-
tions to be acknowledged. First, serum inflam-
matory markers were measured at baseline, so
we were unable to evaluate structural change on
the MR scans and pain subgroups in relation to
the variation of these markers. Second, serum
levels of markers reflect systemic inflammation
in the body, not just in the joint; thus, they are
likely affected by other conditions. Although we
have considered the impact of potential
comorbidities on inflammatory markers, we
cannot rule out a possibility that acute inflam-
mation/infection was present in some partici-
pants at the time of blood collection. Also, our
study did not collect data on treatments as a
result of inflammation/infection, so we may
have underestimated the associations of IL-6
with CV loss and pain trajectories. In addition,
we selected IL-6, TNF-a and CRP for biomarker
testing when the TASOAC was initiated. With
an in-depth understanding of inflammation in
OA and pain, further investigations on other
inflammatory markers involved in MRI-defined
structural change and pain heterogeneity are

warranted. Third, some participants, particu-
larly those with severe pain, may have been
receiving pharmacological and/or non-phar-
macological treatment; however, whether pain
management has influenced results cannot be
assessed due to unavailability of the data.

CONCLUSIONS

IL-6, but not other markers, was independently
associated with compartment-specific CV loss
and a worse pain trajectory, suggesting that
components of inflammation may be impli-
cated in the pathogenesis of cartilage loss and
developing worse pain course.
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