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Abstract

Objective—Pain is not always correlated with radiographic osteoarthritis (OA) severity possibly
because people modify activities to manage symptoms. Measures of symptoms that consider pain
in the context of activity level may therefore provide greater discrimination than pain alone. Our
objective was to compare discrimination of a measure of pain alone with combined measures of
pain relative to physical activity across radiographic OA levels.

Methods—This is a cross-sectional study of the Osteoarthritis Initiative accelerometer substudy,
including those with and without knee OA. Two composite pain and activity knee symptom
(PAKS) scores were calculated as Western Ontario and McMaster (WOMAC) Universities

"Address correspondence and reprint requests to Grace H. Lo, MD, MSc, Baylor College of Medicine, Houston, TX, 1 Baylor Plaza,
BCM-285, Houston, TX 77030; ghlo@bcm.edu; Telephone number: 713-798-7313; Fax number: 713-798-5780.
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Osteoarthritis Pain Scale plus one divided by physical activity measures (step and activity counts).
Symptom score discrimination across Kellgren and Lawrence (KL) grades were evaluated using
histograms and quantile regression.

Results—1806 participants, mean age 65.1 (9.1) years, mean BMI 28.4 (4.8) kg/m?, and 55.6%
female, were included. WOMAC, but not PAKS scores, exhibited a floor effect. Adjusted median
WOMAC by KL grades 0 -4 were 0, 0, 1, 1, and 3 respectively. Median PAKS1 and PAKS2
were 24.9, 26.0, 32.4, 46.1,97.9,and 7.2, 7.2, 9.2, 12.9, 23.8, respectively. PAKS scores had more
statistically significant comparisons between KL grades compared with WOMAC.

Conclusions—Symptom assessments incorporating pain and physical activity did not exhibit a
floor effect and were better able to discriminate radiographic severity than pain alone, particularly
in milder disease. Pain in the context of physical activity level should be used to assess knee OA
symptoms.

Introduction

Osteoarthritis (OA) is the most common form of arthritis, and a major public health
problem. Based on the National Health and Nutrition Examination Survey (NHANES I11),
the prevalence of radiographic knee OA was 37.4% in adults over the age of 60 between
1991 — 1994 in the United States®. With the prevalence of obesity within the United States
exceeding 30%, a potent risk factor for OAZ, the prevalence of knee OA is only expected to
increase.

Historically, it has been asserted knee pain related to OA does not always correlate well with
radiographic severity3-5. This perception is primarily based on the absence of a universally
positive pain score in those with radiographic OA. A landmark article by Lawrence et al®
cited discordance between radiographic evidence of OA using a dichotomous assessment of
pain. In that study, because half of those with the worst radiographic severity did not
complain of frequent pain, it was concluded that OA is a predisposing factor for symptoms,
not a cause for symptoms®. Paradoxically, the same investigators demonstrated that those
with the greatest radiographic OA severity were 10 times more likely to have knee pain
compared to those without radiographic OAS.

OA related pain is often activity related’. As a result, people with OA may avoid activities
that precipitate the pain as a strategy to manage their pain®. This may explain why in a
Canadian observational study of moderate to severe hip and knee OA, 24% of participants
had significant improvement of knee pain without commensurate improvement in
radiographic severity or joint range of motion®19, For this reason, measuring pain outcomes
as the primary measurement of symptoms in knee OA may be problematic on many levels;
without consideration of the patient’s level of physical activity, evaluation of pain may be a
poor reflection of a person’s disease severity.

Based on these observations, we propose a more appropriate measure of OA symptom
severity would be one that reflects the amount of pain a person experiences in the context of
their physical activity level. Accelerometers and pedometers can easily quantify physical
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activity in the form of activity and step counts. They are widely available, easy to use,
affordable, and can provide a measurement of activity over the course of a day.

We hypothesized that symptom assessment accounting for pain in the context of physical
activity level would improve discrimination across OA radiographic severity levels
compared to pain alone. Therefore, the objective of this study is to compare discrimination
of pain alone and combined measures of pain in the context of physical activity across
radiographic severity levels within the Osteoarthritis Initiative, an observational study of
OA.

Study Design

This is a cross-sectional study nested within the Osteoarthritis Initiative, a prospective multi-
center observational study of knee OA of 4,796 participants, which is comprised of three
groups, the progression (N = 1,389), the incidence (N = 3,285), and a non-exposed control
group (N = 122). The “progression subcohort” all have pre-existent symptomatic
radiographic knee OA (ROA), the “incident subcohort” are at high risk for symptomatic
(ROA), and the “non-exposed control subcohort” do not have nor are at high risk for
symptomatic ROA. Participants were men and women ages 45 to 79 years old at the time of
enrollment at one of four clinical sites, Memorial Hospital of Rhode Island (Pawtucket, R1,)
Ohio State University (Columbus, Ohio), University of Pittsburgh (Pittsburgh, PA), and
University of Maryland / Johns Hopkins University (Baltimore, MD).

The study population was drawn from 2127 persons enrolled in an Osteoarthritis Initiative
accelerometer monitoring substudy, including people from all 3 subcohorts of the OAI, at
the 48 month follow-up visit (between August 2008 and July 2010)! (see figure 1). We
studied participants with = 4 days accelerometer monitoring, knee-specific pain data, and
knee x-ray readings from the 48-month visit. Approval was obtained from the institutional
review board at each Osteoarthritis Initiative site and at Northwestern University. Each
participant provided written informed consent.

Pain Assessment

At the 48-month visit, participants were asked to self-report knee-specific pain in reference
to the last 7 days by completing the Western Ontario and McMaster (WOMAC) Universities
Osteoarthritis Pain Scale (3.1 Likert version)1213 separately for each knee. The scale
assesses pain severity with five activities: pain with walking, taking stairs, standing, in bed,
and lying down or sitting. Possible pain scores range from 0 (no pain) to 20 (severe pain).
This is an FDA approved measure of knee pain and the most commonly used symptom
assessment in knee OA observational studies and clinical trials?.

A visual analog scale assessment of knee specific symptoms was also assessed at the 48
month visit, using the question “Please rate the pain that you’ve had in your right/left knee
during the past 30 days by pointing to the number that describes the pain at its worst. “0”
means “No pain” and “10” means “Pain as bad as you can imagine.” These data are publicly
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available on the OAI website (http://oai.epi-ucsf.org/datarelease/) under filename
AlIClinical06_SAS (Version 6.2.2).

Accelerometer Data

We measured activity and step count using a uniaxial GT1M Actigraph accelerometer, a
validated instrument in knee OA (correlation with metabolic equivalent r=0.93; with total
energy expenditure r=0.93)1°. Participants received scripted instructions and were asked to
provide 7 days of continuous accelerometer monitoring during waking hours (except during
water activities) following the 48-month visit. Trained research personnel initialized each
accelerometer and gave in-person instruction on how to position and wear it. The
accelerometer was worn on a belt at the natural waistline in line with the right axilla. Step
count was output by Actigraph estimation of actual steps from accelerometer output.
Activity count was a weighted sum of the number of accelerations/min; weights were
proportional to acceleration magnitude. Non-wear periods were identified by periods of =90
minutes with 0 counts, allowing for 2 minute interruptions (counts<100). A valid day of
accelerometer/step count monitoring was defined as =10 wear hours/day.

Knee Radiographs

Weight-bearing, fixed-flexion, posterior-anterior knee radiographs were obtained at the 48-
month visit. Central readers (at the Boston University Clinical Epidemiology Research and
Training Unit)16 scored these for overall radiographic severity using Kellgren-Lawrence
grades (0 — 4) using the Osteoarthritis Research Society International Atlas!’. These data are
publicly available on the Osteoarthritis Initiative website (http://oai.epi-ucsf.org/
datarelease/), filename kXR_SQ_BUOQ06_SAS (Version 6.3)). The reliability for these
readings (read-reread) was substantiall8 (weighted kappa [intra-rater reliability] = 0.71
[95%CI 0.55 — 0.87])1°.

Combined Activity and Knee Pain Score Definitions

Covariates

Two composite pain and activity knee scores (PAKS) were calculated as the ratio of pain
divided by physical activity measure. One unit was added to the WOMAC pain score to
avoid division of zeros and the PAKS measures were multiplied by 100,000 and 1,000,000
respectively to help scale the values towards the range of 0 — 100.

PAK S1 = (WOMAC Pain + 1) / daily step count)*100,000)
PAK S2 = ((WOMAC Pain + 1) / daily activity count)*1,000,000)

Higher PAKS values reflect greater symptoms (e.g. poorer clinical status), consistent with
less activity and/or greater pain. For example, if two people have identical pain, but different
activity levels, the person with less activity will have higher PAKS scores, or a poorer
clinical status.

Sex was self-reported. Date of birth from OAI baseline visit was used to calculate
participant ages at the OAI 48 month follow up visit. Body mass index (BMI) was
calculated as weight divided by height squared (kg/m?2) as measured at the 48 month OAI
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visit. If BMI information was missing at the 48 month visit, BMI from the 36 month visit
was used instead (n=5, 0.3%). Participants were classified using the biologic categories of
normal weight (BMI 18.5 — 24.9), overweight (BMI 25.0 — 29.9), or obese (BMI1=30).

Statistical Analysis

Results

WOMAC pain score and PAKS scores were evaluated for score discrimination by Kellgren
and Lawrence grades using stratified histograms and quantile regression analyses. The
analysis sample was composed of participants having paired radiographic and pain data on
at least one knee; excluded from analyses are knees with total knee replacement done at or
before the OAI 48-month visit. For graphical purposes, one knee per person was used; the
right knee was arbitrarily selected irrespective of which knee was more symptomatic.
Quantile (median) regression knee-level analyses incorporating data from all knees (e.g.
maximally 2 knees per person) used Kellgren and Lawrence grade 0 knees as the referent
group. Adjusted analyses included covariates: age at the 48 month visit, sex, and BMI
groups (normal, overweight, and obese). Quantile regression analyses with robust, clustered
standard errors to account bilateral data from some individuals were performed using
Stata/SE (version 13.1, StataCorp LP, College Station, TX, USA). All other analyses were
completed in SAS (version 9.4, SAS Institute, Inc., Cary, NC, USA). We also performed
sensitivity analyses using the visual analog scale instead of WOMAC pain for the quantile
regression analyses.

Of the 4796 participants in the OAI, 1806 were participants of this study. For those who
were included and excluded from this study, baseline demographics were similar (Table 1).
WOMAC pain score exhibited a floor effect (figure 2) while for the PAKS scores, although
the scores were skewed to the left, no floor effect was observed. For each progressive
increase in Kellgren and Lawrence grade, there was an increase in the median of both PAKS
scores (figures 3 and 4).

The median raw WOMAC pain scores by Kellgren and Lawrence grades 0 to 4 were 0, 0, 1,
1, and 4 respectively (figure 2). The PAKS1 and PAKS2 median scores by Kellgren and
Lawrence grades 0 to 4 were 23, 27, 35, 42, and 111 respectively (figure 3) and 7, 8, 10, 13,
and 29 respectively (figure 4).

For the quantile regression analyses, the p for trend across all Kellgren and Lawrence grades
to symptom measures based on WOMAC pain and PAKS scores were all statistically
significant (p<0.001), unadjusted and adjusted for age, sex, and BMI. Adjusted median
WOMAC by KL grades 0 —4 were 0, 0, 1, 1, and 3 respectively. Median PAKS1 and
PAKS2 were 24.9, 26.0, 32.4, 46.1, 97.9,and 7.2, 7.2, 9.2, 12.9, 23.8, respectively. (The
ranges for the step and activity counts were 449 — 22,492 and 16,510 — 1,081,502
respectively and the ranges for PAKS1 and PAKS2 were 4.5 — 3,340.8 and 0.9 — 908.5
respectively.) When evaluating the individual comparisons for WOMAC pain scores
(Kellgren and Lawrence grade 0 versus the other grades), only comparisons with Kellgren
and Lawrence grades 3 and 4 were statistically significant when adjusting for age, sex, and
BMI. Notably the comparison of WOMAC pain scores between those with Kellgren and
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Lawrence grades 0 versus 2, a standard cut off used for a diagnosis of OA, was not
statistically significant (table 2). Meanwhile, PAKS scores showed statistically significant
individual comparisons in those with Kellgren and Lawrence grades 2, 3 and 4 with grade 0
as the referent group (table 2), and additionally PAKS1 scores showed statistically
significant comparisons between Kellgren and Lawrence grades 0 and 1.

In sensitivity analyses where the WOMAC pain score was replaced with the visual analogue
scale (VAS), the physical activity normalized VAS scores did allow for a greater spread
across the KL grades, but these differences were not robust to adjustment for age, sex and
BMI. (Data not shown.)

Discussion

Our study has shown that use of a composite score reflecting pain adjusted for level of
physical activity improves symptom discrimination across radiographic OA severity grades
compared to a measure of pain alone. The use of a composite score also addresses the
problem of the floor effect seen in measures of pain alone. These findings inform the
pressing need for a paradigm shift in evaluating knee OA symptoms. It is not sufficient to
consider pain alone. Symptom assessment in knee OA needs to account for pain levels
adjusted for physical activity level in both the clinical and research settings. Consider a
person who runs a 26.2 mile marathon who complains of mild pain as compared to a person
who walks a mile and complains of the same level of pain severity. Although both people
report the same pain intensity, the latter individual is more symptomatic if we view the pain
in the context of activity. The fact that people are able to modify activities to avoid pain may
be an important contributor to why pain is not universal in people with radiographic OA.
This may explain why Lawrence et al concluded that radiographic evidence of OA and pain
were discordant and specifically why those with the greatest radiographic severity of OA did
not universally complain of frequent pain®.

The focus on knee pain alone to reflect knee OA symptoms is potentially a source of
misclassification of clinical knee OA severity which may have widespread consequences in
both the clinical and research setting. It may contribute to the challenge researchers have
faced in the effort to successfully identify risk factors for symptoms in knee OA. It is also
potentially a source of inappropriate clinical management of patients with knee OA in the
clinical setting. Consider the person who madified his activities so that he only has a mild
level of pain. When assessed on pain intensity alone, this person would be viewed as
minimally symptomatic; when assessed in the setting of pain and physical activity level, this
person will be viewed as being very symptomatic. In a study by Riddle et al, expert opinion
only considered pain in determining symptoms related to OA to create the algorithm
assessing appropriateness of arthroplasties2?. This algorithm ultimately led to the conclusion
that 30% of those people having total knee arthroplasty did not have appropriate indications
for those procedures20. The largest group of arthroplasties classified as inappropriate was a
group of people who had mild pain, and of those, 20% had Kellgren-Lawrence grade 4 on
their radiographs20. We suspect if physical activity levels were considered in addition to
pain when evaluating symptoms, a substantial portion of this group of people would likely
be reclassified as appropriate for arthroplasty. The natural history of OA tends to be long, so
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patients may not realize the activities they relinquish to modify their joint symptoms. If
clinicians are not on alert to also ask patients about their level of activity, this may lead to
inadvertent delay of referrals for total knee replacement.

This study also illustrates the severe floor effect of the WOMAC (figure 2). For each of the
OA radiographic severity levels, except for the most severe level, approximately 50% had a
WOMAC score of 0. For a scale that has a range of 20 points, the median score for the worst
radiographic severity level was only 4, further emphasizing this problem. Those with
WOMAC of 0, had a wide range of step and activity counts which allowed for a greater
spread of PAKS scores which largely helped to address the floor effect of the WOMAC. In a
community-based population survey of knee pain, where no minimum level of pain was
required, the WOMAC demonstrated a similar floor effect?. This floor effect is often not
seen in clinical trials of knee OA%2-29 potentially because these trials pre-select those who
have knee pain to enter into these studies, as recommended by the American College of
Rheumatology (ACR) Criteria for the diagnosis of OA30, In that setting, people enrolled into
these studies may represent select population with more severe symptoms, excluding those
who may have modified activities to avoid daily knee pain. This scenario is also a plausible
explanation for why a small clinical trial that used ACR Criteria for OA as inclusion criteria
did not show clear discriminative superiority of their own exploratory composite pain and
physical activity score over pain alone3, Perhaps it is time to critically re-examine and
revise the ACR Criteria for OA. If the window of opportunity to intervene in knee OA exists
early in disease, then there is a strong need to conduct clinical trials that include people
without regard to a minimal pain requirement. Equally important, a symptom score is
needed which is more sensitive to differences among people with early disease than current
assessments of pain.

This study highlights the importance of tailoring symptom outcome measures to a specific
disease. People who have OA usually are most symptomatic with activity. Researchers have
understood this concept which is why disease specific outcomes have been developed and
used including the WOMAC13. This established OA outcome measure has attempted to
assess pain intensity and frequency without capturing the idea that people with OA avoid the
activities that tend to precipitate their symptoms to minimize their pain. While our findings
support the improved sensitivity of physical activity normalized WOMAC pain scores,
benefits of normalization may not generalize to all pain measures.

Pain and physical activity should be viewed as one construct when evaluating symptoms in
knee OA. The poor ability of pain intensity to predict physical activity levels reported in a
recent observational study32 may be due to the modification of pain through physical
activity. Our study demonstrates radiographic OA severity is associated with knee
symptoms when viewed as the collective construct of knee pain adjusted for physical
activity. This observation supports findings reported from qualitative research that people, in
fact, do reduce their physical activity to lessen their pain experience related to knee OA’.

Modern technology makes the assessment of physical activity simple. The PAKS1
combined measure that incorporated step count performed as well or better than the PAKS2
measure that incorporated activity count. Step counts can be provided by a pedometer, a less
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expensive tool compared with the accelerometer used in this study. Therefore quantitation of
self-selected levels of physical activity is affordable and should be routinely assessed in
studies of knee OA as they provide an important dimension of symptom assessment in the
disease. Comprehensive assessments of PAKS1 and PAKS?2 in a longitudinal setting are
needed to understand their responsiveness over time. It will also be of great interest to
understand their relationship with OA features measured using other imaging modalities
such as magnetic resonance imaging where greater anatomic detail is available as compared
with radiographs.

In summary, symptom assessments incorporating pain and physical activity were more
discriminative than pain alone across radiographic OA severity levels, particularly among
the lower severity levels. The combined measures also did not exhibit as severe a floor
effect as observed with WOMAC, the standard assessment for knee OA pain. It is important
to consider pain assessment in the context of physical activity level to assess knee OA
symptoms in clinical studies and in clinical practice.
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Enrolled in the Osteoarthritis
Initiative (n = 4796)
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Accelerometer eligible sub-
cohort for accelerometry study
at OAI 48 month visit(n=2712)

Not eligible (OAI 48 month visit prior to
start date: 1543; did not return / de-
ceased /withdrew:541) (n = 2084)

Accelerometer Study partici-
pants (n=2127)

Participants with 4-7 valid days
of physical activity monitoring
(n=1927)

Participants with X-rays
(no bilateral TKR) (n = 1813

l

Participants with WOMAC
scores at 48 months (n=1806
participants = 3533 knees )

Not participating in accelerometer
study (n = 585)

Participants with <4 valid days of both
types of physical activity monitoring (n
= 200)

Participants missing X-rays or technical-
ly difficult X-rays in both knees
(includes 6 bilateral TKRs)(n = 114)

Participants without WOMAC /physical
activity scores at 48 months (n = 7)

Figure 1.

Flowchart describing derivation of the sample used for this study.
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Figure 2.
Histograms of WOMAC pain score stratified by Kellgren-Lawrence (K-L) grade.
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Figure3.

Histograms of Pain and Activity Knee Symptom 1 (PAKS1) scores stratified by Kellgren
Lawrence (K-L) grade. All scores greater than 400 were included in the highest histogram
bar.
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Figure4.
Histograms of Pain and Activity Knee Symptom 2 (PAKS2) scores stratified by Kellgren

Lawrence (K-L) grade. All scores greater than 100 were included in the highest histogram
bar.
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Comparison of participants included v. excluded from the study.

Table 1

Included Excluded
participants  participants
(n=1806 (n=2007"
participants) participants)
Age, mean (sd) 65.1(9.1) 65.0 (9.1)
Female % (n) 55.5 (1003) 59.2 (1189)
BMI, mean (sd) 28.4(4.8) 28.8(5.1)
Number of prosthetics**, % (n)
0 96.4 (1741) 95.0 (1689)
1 3.6 (65) 4.9 (87)
2 0.0 (0) 0.1(2)
Maximal K/L grade***, % (n)
0 23.0 (415) 27.0 (479)
1 16.2 (292) 13.3 (236)
2 31.5 (569) 28.7 (510)
3 20.5 (370) 20.6 (365)
4 8.9 (160) 10.5 (186)

*
excluded participants: defined as those who attended OAI 48-month clinical visits who were not included in our analyses, n=2007

*%

Page 15

excluded participants: defined as those who attended OAI 48-month clinical visits, AND had 48-month x-ray data who were not included in our

analyses, n=1778

*%

who were not included in our analyses, n=1776.
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*
excluded participants: those who attended OAI 48-month clinical visits, AND had 48-month x-ray data who did not have bilateral prostheses
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