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ABSTRACT

OBJECTIVE: Previous research has suggested an association between physical activity (PA), joint function, and molecular biomarkers, but
more studies are needed. The aim of this study was to explore the associations between PA or self-reported joint function and molecular bio-
markers of cartilage and inflammation in individuals with hip and/or knee osteoarthritis (OA). Specific objectives were to explore the correla-
tions between (1) the change over 3 months in self-reported PA/joint function and the change in molecular biomarkers (2) objectively
measured PA and molecular biomarkers measured at 3-month follow-up.

DESIGN: Working age participants (n=91) were recruited from a cluster randomized controlled trial. Self-reported PA, joint function, and
serum samples were collected at baseline and after 3 months. Serum concentrations of the inflammatory marker C-reactive protein (CRP)
and the cartilage markers Alanine-Arginine-Glycine-Serine (ARGS)-aggrecan, cartilage oligomeric matrix protein (COMP), and type Il col-
lagen C2C were analyzed by immunoassays. Objectively measured PA (steps/day) was collected during 12 weeks from activity trackers used
by 53 participants. Associations were analyzed with Spearman’s rank correlation.

RESULTS: There was a weak negative correlation between the change in self-reported PA and the change in COMP (r,=-0.256, P=.040)
but not for the other molecular biomarkers. There were no correlations between the change in self-reported joint function and the change in
molecular biomarkers or between the average steps/day and the molecular biomarkers at follow-up (r,<-0.206, P=.06).

CONCLUSION: In general, no or only weak associations were found between PA/joint function and molecular biomarkers. Future research

recommends including participants with lower PA, extend the follow-up, and use a design that allows comparisons.
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Introduction
Osteoarthritis (OA) is a common, multifaceted joint disease
driven by biomechanical stress and low-grade inflammatory
factors that leads to osteochondral changes in the joint.!:?
Cartilage reduction is one of the main characteristics of OA.3#
Healthy articular cartilage is elastic and can adapt its structure,
composition, and metabolism to a wide range of activities.””” In
healthy synovial joints, there is a low turnover of the extracel-
lular matrix of the articular cartilage, but in joints affected by
OA, homeostasis is disrupted, causing cartilage degradation.*
In joints with OA, the subchondral bone, synovium, muscles,
ligaments, tendons, and adipose tissue are also affected.!
Physical activity (PA) is recommended as the non-surgical
core treatment for OA of the knee.®? PA has a positive effect
both at the local/systemic level and at biomechanical/

inflammatory factors that drive the progression of OA.3
Previous studies have reported that PA can improve physical
tunction, reduce pain, and improve health-related quality of life
(HRQoL) in individuals with knee and/or hip OA.1

The diagnosis of OA can be clinically determined, and pro-
gression is currently based on radiographic and clinical find-
ings. However, molecular biomarkers in blood, urine, and
synovial fluid have been proposed to be useful in detecting
changes in joint remodeling and progression of disease.!!
Previous research has shown higher levels of cartilage biomark-
ers in individuals with OA compared with healthy controls,
indicating their possible value in the prediction and progres-
sion of OA.M1 The neoepitope Alanine-Arginine-Glycine-
Serine (ARGS)-aggrecan, generated by aggrecanase proteases,
and the C2C neoepitope of type II collagen, generated by
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collagenase proteases, have shown to be increased in synovial
fluid and serum samples from OA and knee-injured
patients.'*18 ARGS-aggrecan and C2C are included on a list
of the best known molecular biomarkers for monitoring OA
development.11,1?

Molecular biomarkers have also been used to show the
effect of PA in individuals with OA.2° A systematic review
reported that the concentrations of C-reactive protein (CRP),
a marker of inflammation, decreased after exercise.?! Research
has also shown an association between exercise and the promo-
tion of the joint structure protein cartilage oligomeric matrix
protein (COMP).2223 The relationship between self-reported
joint function and molecular serum biomarkers have also been
examined where studies reported that higher levels of biomark-
ers indicated inferior physical function in individuals with knee
OA.2425

According to two more recent reviews, exercise seemed to
have a small beneficial long-term effect on cartilage breakdown
or turnover and inflammation.?%2¢ However, the heterogeneity
between the studies regarding design and effect was large and
the authors acknowledge the need for more research to gain a
better understanding.?02¢ Exploratory studies could be useful
to better understand the relationships between PA and molec-
ular biomarkers. Of interest is also the relationship between
self-reported joint function and systemic molecular biomarkers
in individuals with OA, which, to our knowledge, has only been
reported in a few previous studies.?#?°

Therefore, the objective of this study was to further explore
these relationships by studying the associations between (I) PA,
(II) self-reported joint function, and serum biomarkers of car-
tilage (ARGS, C2C, and COMP) and inflammation (CRP) in
individuals of working age with hip and/or knee OA. Specific
objectives were to study the correlation between (1) change (3
months) in self-reported PA and change in molecular bio-
markers, (2) change (3 months) in self-reported joint function
and change in molecular biomarkers, and (3) objectively meas-
ured PA (average steps/day during 12weeks) and molecular

biomarkers at 3-month follow-up.

Methods
Design and setting

This is a longitudinal study with an exploratory approach. Data
were collected from individuals with hip and/knee OA in
working age who participated in a cluster randomized con-
trolled trial (C-RCT). Briefly, the 2-armed C-RCT investi-
gated the effect of participating in a patient education program
for OA with the addition of self-monitoring PA using a wear-
able activity tracker (Fitbit Flex 2) for 12 weeks compared with
participating in a patient education program alone. The
C-RCT is registered in clinical trials (No. NCT03354091). A
study describing objectively measured PA and Fitbit adherence

for participants in the C-RCT intervention group has been
published.?”

All participants took part in a Supported Osteoarthritis
Self-management Program (SOASP), which is recom-
mended as the first-line treatment for patients with hip,
knee, and hand OA in Sweden.?$2° The SOASP in this study
included 3 theoretical group sessions about OA, exercise, and
self-management. The intervention in the underlying
C-RCT consisted of the addition of self-monitoring PA
with a wearable activity tracker for 12weeks. To make it
more achievable for the participants, the default activity goal
of 10000 steps per day was changed to 7000. Data for this
study were collected just before participation in the SOASP
(baseline) and after 3 months.

Participants

Potential participants for the underlying C-RCT and thereby
this study were recruited from October 2018 to May 2019
using a repetitive Facebook advertisement. The inclusion crite-
ria were working=20hours per week, aged between 18 and
67years, being able to understand Swedish in speech and writ-
ing, and able to participate in PA. They also had to have access
to a smartphone, tablet, or computer to use the Fitbit-app and
be able to wear an activity tracker for 12 weeks. Of those who
saw the Facebook advertisement and received additional infor-
mation, 110 individuals registered on the project’s website
using an electronic identification (ID) service®® and thus gave
their informed consent to participate in this study. Nineteen
individuals chose to drop out before the study started. Ninety-
one participants were included in this present study (of which
56 were randomized to the intervention group and 35 to the

control group in the C-RCT).

Measurements and outcomes

The demographic data of the participants and the self-reported
PA/joint function were collected by e-mail at baseline at the
same time as participating in the SOASP and at follow-up
after 3 months. Height and baseline weight were collected ad
hoc after the completion of the study. PA was measured among
participants in the intervention group in the C-RCT using the
wearable activity tracker Fitbit Flex 2 and therefore collected
for 12 weeks from baseline to follow-up.

Sampling and molecular biomarkers. Serum samples at baseline
for all participants (n=91) were collected at the health care
center in conjunction with participation in one of the group
sessions in the SOASP. Participants returned to the health care
center after 3 months when samples were collected again from
86 of the participants. All samples were collected in the after-
noon (between 03:30 and 05:00 pm). CRP was analyzed at the
Clinical Chemistry Department at the Skine University Hos-
pital in Lund, Sweden, and the other biomarkers were analyzed
at the Biomedical Centre (BMC), Faculty of Medicine, Lund
University, Sweden.
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ARGS-aggrecan. ARGS-aggrecan was analyzed using the
Meso Scale Discovery (MSD) platform as described.3! Briefly,
serum samples were deglycosylated with chondroitinase ABC
and keratanase. MSD microplates were coated with capture
antibody (anti-HABR, Invitrogen no. AHP0022; same lot
number for all assessments) against the G1 and G2 globular
domains of human aggrecan. ARGS-aggrecan was detected
using a biotinylated monoclonal antibody against ARGS
neoepitope together with sulfo-tagged streptavidin (MSD)
and analyzed in a Sector Imager 6000 (MSD). Serum samples
were run undiluted in duplicates with a mean (range) coeffi-
cient of variation (CV) of 2.5% (0%-10.8%). The inter plate
CV for quality control (QC) serum sample was 10.2% (from
5 plates).

COMP. Serum COMP levels were quantified with an
ELISA-based immunoassay (BioVendor, no. RD194080200)
according to the manufacturer’s instructions. The same lot
number of the BioVendor COMP assay was used in all assess-
ments. The serum samples were run diluted (50X) in dupli-
cates with mean (range) CV of 2.6% (0%-18.4%). Two serum
QC samples were run on each plate (total of 9 plates), and the
inter plate CVs were 11.2% and 14.4%.

C2C. Serum C2C were quantified with an ELISA-based
immunoassay (IBEX, no. 60-1001-001) according to the
manufacturer’s instructions. The same lot number of the C2C
IBEX assay was used in all assessments. Serum samples were
run diluted (2X) in duplicates with mean (range) CV of 4.1%
(0%-16.7%). Two serum QC samples were run on each plate,
and the inter plate CVs were 18.6% and 19.4% (from 6 plates).

CRP. Serum CRP were quantified on a Cobas platform
(Roche Diagnostics; NPU19748) accredited method.

Serum samples were run undiluted in duplicates with mean

(range) CV of 7.9% (0%-49.1%).

Questionnaires. Participants completed an online questionnaire
that was sent to their emails at baseline and at 3-month follow-
up. The baseline questionnaire entailed questions about demo-
graphics work, self-reported PA, and joint function. The
questionnaire at the 3-month follow-up entailed questions about
work, activity tracker-usage, self-reported PA, and joint function.

Self-reported joint function was measured with the Knee
injury and Osteoarthritis Outcome Score (KOOS) and the
Hip disability and Osteoarthritis Outcome Score (HOOS).3233
Participants answered KOOS or HOOS depending on their
most affected joint. KOOS and HOOS consist of 5 subscales,
Pain, Symptoms, Activities of Daily Living (ADL), Sport and
Recreation function (Sport/Rec), and knee/hip-related Quality
of Life (QoL). Each subscale contains 2 to 17 items and a
mean score (0-100) of the items is calculated for each subscale,
with O indicating extreme symptoms and 100 indicating no
symptoms.3* KOOS and HOOS have shown adequate psycho-
metric properties for populations with OA.3>3%

The International Physical Activity Questionnaire—Short
Form (IPAQ-SF) was used to measure self-reported PA.37

TPAQ-SF comprises 9 questions concerning time spent in high
intensity, moderate intensity, walking, or sitting in the last 7
days. The outcomes of IPAQ-SF are Metabolic Equivalent of
Tasks (MET) minutes/week and PA category score (low, mod-
erate, or high).’® MET-minutes and PA category were calcu-
lated for each individual according to the IPAQ-SF protocol.
Only MET-minutes were used in the analyzes.

Objectively measured PA. Objectively measured PA was col-
lected from participants in the intervention group (n=56) dur-
ing 12weeks using a wearable activity tracker, Fitbit Flex 2.
The Fitbit Flex 2 is a commercial accelerometer-based weara-
ble activity tracker that estimates steps taken, distance traveled,
and time in different activity levels. The Fitbit Flex has shown
good reliability and validity in measuring steps taken.® The
activity tracker was connected to an app (Fitbit) on the partici-
pants’ smartphone or tablet, and the participants were asked to
monitor their activity once daily. Activity data were transmitted
through the Fitbits Web API* to our data server. We requested
that participants grant us access to their Fitbit accounts through
our project website when they received the Fitbit from the
researcher who monitored the study (EO). The mean daily
number of steps for each participant was calculated during the
12-week period.

Data analysis

The raw activity data from the Fitbit was preprocessed using
Rstudio Team (2019)*! and Microsoft Corporation, Microsoft
Excel 2018. Baseline demographics and characteristics are pre-
sented as mean, standard deviation (SD), or proportions (%).
The proportions of participants in different categories in
IPAQ-SF at baseline are described. Subsequent statistical anal-
ysis was performed using the statistical package IBM SPSS
Statistics version 27.42

Changes in molecular biomarkers and changes in self-
reported joint function and self-reported PA from baseline to
follow-up were calculated. Variable distributions were visually
and descriptively assessed with histograms and q plots.
Outcome scores were descriptively presented as median and
interquartile range (IQR) due to skewed distributions.

The correlations between the change in molecular biomarker
concentrations and the change in self-reported joint function
and PA were evaluated using Spearman’s rank correlation, due
to the non-normal distribution of the data. For individuals
with data from the objective activity tracker (n=>53), the cor-
relation between molecular biomarker concentrations at fol-
low-up and objectively measured PA (average number of steps/
day) was evaluated by Spearman’s rank correlation.

Ethical considerations

The procedures and methods used in this study were in accord-
ance with the ethical standards of the responsible committee
on human experimentation (institutional and national) and
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Table 1. Baseline characteristics of the participants (n=91).

Women, % (n) 81.3 (74)
Age in years, mean (SD) 56.0 (5.7)
BMI, kg/m? (SD)2 26.1 (4.1)
Married or living with partner, % (n) 70.0 (63)
Children in the household, % (n) 24.4 (22)
Most affected joint, % (n)

Hip 23.1 (21)

Knee 76.9 (70)
Education (postsecondary), % (n) 66.7 (60)

Present level of physical activity compared to before OA, % (n)

More physically active 13.3 (12)

Less physically active 50.0 (45)

Equally physically active 35.6 (32)
IPAQ, categorical, % (n)

Low 17.3 (14)

Moderate 37.0 (30)

High 45.7 (37)
Assigned group in the C-RCT, % (n)

Intervention 61.5 (56)

Control 38.5 (35)

Abbreviations: BMI, body mass index; C-RCT, cluster randomized controlled
trial; IPAQ, International Physical Activity Questionnaire; OA, osteoarthritis; SD,
standard deviation.

aBMI were collected for n=51.

with the Declaration of Helsinki of 1975, as revised in 2000.43
This study was approved by the Regional Ethics Review Board
in Lund, Sweden (Dnr 2017/596,2018/593 and 2019/00594).
All participants received written information about the study
and provided their informed consent with an electronic identi-
fication service before registering.

Results

Of the 91 participants in this study, 90 (99%) responded to the
questionnaire at baseline and 89 (98%) responded to the ques-
tionnaire at follow-up. Fifty-six participants used an activity
tracker, but 3 individuals in the intervention group had techni-
cal issues and lacked data; objectively measured PA was there-
fore collected from 53 individuals. The majority (82.5%) of the
participants were classified as highly or moderately physically
active at baseline according to IPAQ-SF. The baseline charac-
teristics of the participants are presented in Table 1. Outcomes
at baseline and follow-up and change between the measure-
ments are presented in Table 2.

Correlation between change in self-reported joint
Sfunction or PA and change in molecular biomarkers

No significant correlations (r,=-0.105 to 0.206, P=.06) were
found between the change in self-reported joint function and
the change in molecular biomarkers (Table 3). A weak negative
correlation (r,=-0.256, P=.040) was found between the change
in self-reported PA and the change in COMP but not for the
other molecular biomarkers (Table 3).

Correlation between objectively measured PA and
molecular biomarkers

Individuals with activity tracker data (n=53) walked on aver-
age 10730 steps per day during the 12-week period. No cor-
relations were found between steps per day and molecular
biomarkers (Table 4).

Discussion

In this study, we examined the associations between joint func-
tion/PA and molecular biomarkers in individuals with hip and/
or knee OA. Except for a weak negative correlation between
the change in self-reported PA and the change in COMP, we
did not find any correlations between change in joint function/
PA and change in molecular biomarkers. We also did not find
any correlation between steps/day and molecular biomarkers
measured at follow-up. The general results of our study are
consistent with the results of a systematic review investigating
the impact of exercise on molecular biomarkers.?® A meta-
analysis within the review showed an association between exer-
cise and CRP and C2C, but the associations were not
statistically significant.6 In another systematic review, a statis-
tically significant association between exercise and decrease in
CRP level was reported, but a simultaneous reduction in body
mass index (BMI) was the most important factor for a reduc-
tion in CRP.2! However, in our study, the average BMI was 26
at baseline, indicating a close to normal BMI* ARGS-
aggrecan and PA has also been evaluated in a OA-population.®
That study showed that serum ARGS-aggrecan has a low sen-
sitivity to PA which is in line with the results in this study, but
the measurements were only collected for 24 hours.

We did find a weak negative correlation between the change
in self-reported PA and the change in serum COMP concen-
tration, indicating that an increase in PA was associated with a
reduction in COMP levels. This finding may be due to multi-
ple comparisons causing a type 1 error. However, the result is in
line with the result of a previous randomized controlled pilot
study.*® In that study, a reduction in serum-COMP (admit-
tedly another COMP assay) was observed in the intervention
group after 10weeks of exercise. It has been suggested that
COMP levels induced by a mechanical stimulus such as exer-
cise could have a higher correlation with markers of OA pro-
gression such as self-reported function than COMP levels at
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Table 2. Outcomes at baseline and follow-up and change between baseline and 3-month follow-up.

BASELINE

N

MEDIAN (IQR)

FOLLOW-UP

N

MEDIAN (IQR)

CHANGE

MEDIAN (IQR)

Molecular biomarkers

CRP (ug/mL) 91 1.30 (0.56-2.95) 86 1.35 (0.62-3.04) 86 -0.02 (-0.50 to 0.50)
ARGS-aggrecan (pmol/mL) 91 0.15 (0.12-0.17) 86 0.15 (0.12-0.17) 86 0.01 (-0.02 to 0.02)
COMP (ng/mL)a 91 800 (544-1051) 85 798 (576-1095) 85 11 (-109 to 134)
C2C (ng/mL) 91 194 (153-239) 86 214 (164—254) 86 2 (-20 to 36)
HOOS/KOOS
Pain 88 61.1 (41.7-75.0) 87 66.7 (47.5-80.6) 87 5.55 (2.8 to 15.0)
Symptoms 88 54.3 (35.7-67.9) 88 53.6 (42.9-71.4) 88 71 (4.6 to 14.3)
ADL 90 721 (52.6-86.8) 88 76.7 (61.8-86.8) 88 1.5 (-6.810 8.8)
Sport/Recreation 87 30.0 (10.0-50.0) 87 30.0 (10.0-55.0) 84 0.0 (-11.9 to 10.0)
QoL 90 43.8 (29.7-56.3) 88 43.8 (31.3-61.5) 88 0.0 (-6.3 to 12.5)
IPAQ-SF
MET-minutes/week 81 2337 (1395-4626) 78 2876 (1538-4334) 70 588 (~817 to 1677)

Abbreviations: ADL, activities of daily living; ARGS, neoepitope of aggrecan; C2C, collagen type Il cleavage; COMP, cartilage oligomeric matrix protein; CRP, C-reactive
protein; HOOS, Hip disability and Osteoarthritis Outcome Score; IPAQ-SF, International Physical Activity Questionnaire—Short Form; IQR, interquartile range (Q1-Q3);
KOQOS, Knee injury and Osteoarthritis Outcome Score; MET, metabolic equivalent of tasks; QoL, hip/knee-related quality of life.

an=_85 for COMP follow-up due to one value below the lower limit of detection.

Table 3. Correlation (Spearman’s Rho) between change in self-reported joint function/PA and change in molecular biomarkers.

CRP Rg P ARGS-aggrecan P COMP Rgq [P C2C Rg P

KOOS/HOOS (n=83)

Pain 0.016 .886 0.096 .389 -0.037 744 -0.095 .391

Symptoms -0.050 .654 0.026 .812 0.111 .318 0.141 .201

ADL 0.104 .347 0.051 .648 0.071 .521 0.112 .310

Sport/Rec 0.057 .618 -0.003 .978 -0.006 .955 -0.105 .356

QoL 0.206 .060 0.171 120 0.032 N -0.100 .366
IPAQ-SF (n=65)

MET-minutes/week 0.107 .390 -0.083 .508 -0.256 .040 —-0.089 475

Abbreviations: ADL, activities of daily living; ARGS, neoepitope of aggrecan; C2C, collagen type Il cleavage; COMP, cartilage oligomeric matrix protein; CRP,
C-reactive protein; HOOS, Hip disability and Osteoarthritis Outcome Score; IPAQ-SF, International Physical Activity Questionnaire—Short Form; KOOS, Knee injury and
Osteoarthritis Outcome Score; MET, metabolic equivalent of tasks; PA, physical activity; QoL, knee/hip-related quality of life.

Table 4. Correlation (Spearman’s Rho) between the average number of steps per day for 12weeks and molecular biomarkers at 3-month follow-up
(n=51).

CRP Rg 2 ARGS-aggrecan 2 COMP Rgq P C2C Rg P
Steps/day 0.034 .811 -0.163 .254 0.024 .865 0.113 430

Abbreviations: ARGS, neoepitope of aggrecan; C2C, collagen type Il cleavage; COMP, cartilage oligomeric matrix protein; CRP, C-reactive protein.
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rest.?? Erhart-Hledik et al?? hypothesized that OA progression
(cartilage thinning 5 years later) would be more easily detected
with a mechanical stimulus such as walking. In our study, the
correlation could have been stronger if participants had engaged
in PA before serum sampling.

No correlations between joint function and molecular bio-
markers were found in this study which is in line with previous
studies examining the relations between COMP and self-
reported joint function or CRP and self-reported function.?4%>
The relation between synovial fluid ARGS-aggrecan and self-
reported joint function (KOOS) has been examined in a study
that showed a decrease in ARGS-aggrecan concentrations for
patients with worsening in the KOOS subscale pain.*?

We would like to recognize two reasons why, in general, no
associations were found in the present study. The median
changes in the outcomes between baseline and follow-up were
close to zero or relatively small (except for self-reported PA)
which could be one potential reason for the lack of associations.
In addition, the changes in KOOS/HOOS subscales were at
most 7.1 (symproms) which are just below the cutoff point for a
clinically significant difference (8-10) and the minimal detect-
able change (=20) for older individuals in KOOS.323¢ The
changes in self-reported PA are consistent with a previous
study in participants with knee OA, although the level of PA
was higher in this study.*® In addition, participants were already
more physically active compared with other populations with
hip and/or knee OA and had a better joint function as meas-
ured with HOOS/KOOS3 which limits the possibility of
detecting a change in the measured outcomes.

We believe that molecular biomarkers could be clinically
useful in a population with OA. They could serve as an indica-
tor of OA progression or as a marker of cartilage and/or entire
joint quality.?> Previous research has reported a U-shaped rela-
tionship between PA and OA progression where both under-
loading and overloading are detrimental to the OA joint.#»%0
Finding the optimal dose of PA for each individual may be a
challenge for the clinician. In the SOASP in Sweden, the
acceptable pain model is used to guide the clinician and patient
in deciding the optimal dose of exercise.?®*! According to the
model, pain during exercise should not exceed 5 on a scale
between 0 and 10 and any increase in pain during exercise
should be normalized after 24 hour. However, pain tolerance
and experience are different for each individual and an objec-
tively measured marker of OA progression could be helpful in

deciding the optimal load for individuals with OA.

Strengths and limitations

This study has several strengths. It explores a relatively new
and important area of research, and both self-reported and
objectively measured PA are used. To our knowledge, the asso-
ciation between objectively measured PA and molecular bio-
markers in individuals with OA is mainly unexplored. There

was also a fairly large number of participants and a limited
amount of missing data. With the current sample size, we had
sufficient power (80%, alpha level 0.05) to detect week/moder-
ate correlations (7,>0.3).

Some limitations should also be acknowledged. The obser-
vational design of this study hinders the ability to demonstrate
causality. A randomized controlled study design with physi-
cally inactive participants would probably have had greater
possibilities of detecting an eventual causal association with a
more apparent difference between the groups. Furthermore,
participants are probably not representative for the entire pop-
ulation with OA in the hip or knee. Compared with a large
cohort with hip and/or knee OA in Sweden, the participants in
this study were younger and had a higher proportion of women
and participants with postsecondary education.”? Furthermore,
the method of recruiting participants with an advertisement on
Facebook and self-registration was effective, but probably
resulted in a selection bias where a majority of the participants
already were engaged in PA. Consequently, and as mentioned
previously, there was probably little room for improvement or
change in self-reported outcomes for the participants in this
study. Another limitation is that we did not collect relevant
variables such as weight/height, smoking, use of non-steroidal
anti-inflammatory drugs, or recent PA at baseline. Weight/
height was collected ad hoc but almost half of the participants
did not respond and the data that were collected might be
affected by recollection bias. Also, we did not control for poten-
tial factors that could affect molecular biomarkers such as age,
sex, BMI, smoking, recent PA, or the use of non-steroidal anti-
inflammatory drugs. However, potential confounding would
probably have less effect on the association between changes in
the measures over time than if cross-sectional associations were
evaluated.

In conclusion, a weak negative correlation was found
between the change in self-reported PA and the change in the
molecular biomarker COMP, but not for any of the other vari-
ables in this exploratory study. These results are consistent with
the results of previous studies but could also be explained by
the characteristics of the participants and the small changes
from baseline to follow-up. Due to the limitations and the
exploratory nature of this study, we imply that no definitive
conclusions can be drawn on the basis of the results in this
study. Molecular biomarkers may be clinically useful, but more
research is needed to further explore the potential association
between PA/joint function and molecular biomarkers. We sug-
gest that future research include participants with lower levels
of physical activity at baseline and/or longer follow-up times.
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