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Abstract

Objective: Validation of a symptom measure for early knee OA may help identify new
treatments and modifiable risk factors. Symptom measures that consider pain in the context of
activity level may provide better discrimination than pain alone. Therefore, we aimed to compare
sensitivity to change for radiographic progression between Ambulation Adjusted Score for Knee
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pain (AASK), which accounts for self-reported ambulation, and Western Ontario McMasters
Osteoarthritis (WOMAC) knee pain score.

Design: Participants were assessed annually up to 48 months using WOMAC, Physical Activity
Scale for the Elderly (PASE) ambulation, and knee radiographs. AASK was defined as:
((WOMAC pain) +1)/ ((average daily hours of walking) + 1). Radiographs were scored for
Kellgren-Lawrence (KL) grade. Linear regression, stratified by OA status, evaluated relationships
between changes in AASK and WOMAC pain and KL grade over time.

Results: For 4,191 people (8,030 knees) the mean age was 61.2 (+9.2) years old and BMI was
28.6 (+4.8) kg/m?; 58% female. Over 40% of knees had WOMAC pain scores of 0; by design, no
knees had AASK scores of 0. Annual changes in AASK were more sensitive to changes in KL
than changes in WOMAC in those without baseline OA (0.20 and 0.16 change per unit KL
change, p=0.005 and 0.070 respectively), but performed similarly in knees with OA.

Conclusion: AASK is simple to assess using existing validated questionnaires. AASK performs
well in individuals with and without OA and should be considered in clinical trials and
observational studies of early knee OA.

Keywords
osteoarthritis; knee; outcome measure; measurement; validation

Introduction:

The public health burden of osteoarthritis (OA) is substantial, as the most common form of
arthritis, with at least 30 million adults in the US with clinical OA(1), and with evidence that
its prevalence is increasing over time (2). The direct costs related to the disease are
impressive, estimated to cost $189 billion within the US annually(3). Additionally, the
indirect costs related to OA include 68 million work loss days per year within the US (4)
likely related to the fact that it is the most common cause of dependency in lower limb tasks

(5).

The concept of a Disease Modifying Osteoarthritis Drug (DMOAD) was first described 24
years ago (6) with the idea that identifying a pharmacologic agent could slow the
progression of articular cartilage damage within a joint. Unfortunately, thus far, no
DMOADs have been identified. Additionally, most known risk factors for knee OA are
difficult to modify. In a recent review of knee OA prevention, increasing age, female sex,
obesity, and prior knee injuries were identified as convincing risk factors for incident knee
OA (7). While identification of risk factors is important for better understanding the
pathophysiology of knee OA, two of these risk factors, age and sex, are not modifiable,
while the other two, obesity and prior knee injuries, are difficult to prevent or modify. The
lack of success in these endeavors may be because trials and observational studies of OA
usually included only participants with established symptomatic OA. Instead the window of
opportunity to modify the natural history of OA may occur early in its development. Thus it
is critical that we have instruments that can measure symptoms among those with early
disease to facilitate the identification of a credible DMOAD and potentially modifiable risk
factors for the disease.
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The Western Ontario McMasters Osteoarthritis score (WOMAC)(8-12) is an FDA approved
measure of knee pain and the most commonly used symptom assessment in knee OA
observational studies and clinical trials(13). The WOMAC pain scale assesses self-reported
pain when performing five activities (at rest, lying, going up and down stairs, walking and
standing) but it does not adjust for the amount of activity that a person engages in at the time
that the pain is assessed. Because there is a substantial floor effect of the WOMAC,
particularly among those with early disease(14, 15), we propose that an adjusted pain score
that accounts for participant self-reported ambulation, such as the Ambulation Adjusted
Score for Knee pain (AASK), will be more sensitive than WOMAC to changes in
radiographic disease status,

It has long been asserted that knee pain related to OA does not always associate well with
radiographic severity (16—-18) perhaps because people adjust activities to manage symptoms.
Therefore, measures of symptoms that consider pain in the context of activity level may
provide better discrimination than pain alone. Because people with knee OA often identify
worsening pain with activity(19), they can avoid activities that precipitate pain as a strategy
to manage their pain(20). It follows that symptom severity should be considered in the
context of the individual’s level of physical activity. Measures of symptoms that consider
pain in the context of activity level may provide better discrimination of disease severity
than pain alone, particularly among those with earlier disease.

Consider the following situation, if two people both grade their WOMAC pain to be a 5, but
one person has a very sedentary lifestyle but the other runs 5 miles daily, the WOMAC pain
score would classify these two individuals as being equally symptomatic. An adjusted pain
score that accounts for participant self-reported ambulation would grade the sedentary
individual as being more symptomatic compared to the person who runs 5 miles daily.

In this study, we aimed to compare the longitudinal relationships of AASK and WOMAC
with changes in radiographic OA severity within the Osteoarthritis Initiative (OAI), a multi-
center observation study, mostly comprised of people who are either at risk for or who have
symptomatic knee OA.

Study Design

This study is nested within the Osteoarthritis Initiative, a prospective multi-center
observational study of 4,796 participants in three groups: progression (N = 1,389), incidence
(N = 3,285), and a non-exposed control group (N = 122). “Progression sub-cohort” members
have pre-existent symptomatic radiographic knee OA (ROA), “incident sub-cohort”
members are at increased risk for symptomatic ROA based on the presence of known OA
risk factors, and “non-exposed control sub-cohort” members have neither symptomatic ROA
nor are at risk for symptomatic ROA. At the time of OAI enrollment (February 2004 - May
2006), participants were men and women ages 45 to 79 years old recruited at one of four
clinical sites: Memorial Hospital of Rhode Island (Pawtucket, RI,) Ohio State University
(Columbus, Ohio), University of Pittsburgh (Pittsburgh, PA), and University of Maryland /
Johns Hopkins University (Baltimore, MD).
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lo etal.

Page 4

For the baseline analyses, we included all OAI participants who, at OAI baseline, had at
least one native knee and respective radiographic severity readings, WOMAC scores, and
responses to the ambulation questions from the Physical Activity Scale for the Elderly
(PASE) questionnaire.

For the longitudinal analyses, we included all OAI participants who had at least one native
knee and respective radiographic severity readings, WOMAC scores, and responses to the
ambulation questions from the PASE. Knees with Kellgren-Lawrence grade 4 (the maximal
score for radiographic OA severity) at the baseline of the observation period were excluded
from these analyses.

All publicly available data were accessed from OAIl website (http://oai.epi-ucsf.org/
datarelease/).

Pain Assessment

At baseline and annual clinic follow-up visits, 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)(9, 11)
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).

Physical Activity Risk Factor Assessments.—At baseline and annual clinic follow-
up visits, OAI participants completed the Physical Activity Scale for the Elderly (PASE)
questionnaire which is a validated questionnaire(21). In this questionnaire there were two
questions that specifically focused on walking. The first question was “Over the past 7 days,
how often did you take a walk outside your home or yard for any reason? For example for
fun or exercise, walking to work, walking the dog, etc.?” Participants could select one of 4
options: (1) Never (2) Seldom / 1-2 days (3) Sometimes / 3—-4 days or (4) Often / 5-7 days.
Participants who responded seldom, sometimes, or often to the prior question were asked
this next question: “On average, how many hours per day did you spend walking?” The
participants could select one of the following options: (1) Less than 1 hour (2) Greater than 1
hour but less than 2 hours (3) Greater than 2 hours but less than 4 hours or (4) 4 hours or
more. Using these two questions, average daily hours of walking was calculated by dividing
the total hours of walking over the last 7 days by 7. Based on the literature, the PASE test -
retest reliability coefficient was 0.75 (95% CI = 0.69 — 0.80) from testing in 254 people over
a 3-7 week interval; indicating that this is a reliable test.(21)

Definition of New Symptom Score.—The Ambulation Adjusted Score for Knee pain
(AASK) was defined as: (WOMAC pain) +1)/((average daily hours of walking) + 1). We
added 1 to the numerator to include those reporting no pain and 1 to the denominator to
include those reporting no walking. Based on this definition, AASK gives a symptom score
distribution even when WOMAC pain=0.

Clin Rheumatol. Author manuscript; available in PMC 2020 March 01.
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Knee Radiographs

Results:

Bilateral, fixed-flexion posterior-anterior (PA) knee radiographs(22) were obtained at the
OA baseline and annual clinic visits through 48 months. Films were obtained in a standing
position with knees flexed 20-30 degrees and feet rotated internally 10 degrees. A
SynaFlexer plexiglass frame was used to fix the position of the knees and feet(23). Central
readers assessed OA severity, Kellgren and Lawrence (KL) grade (0-4) using the
Osteoarthritis Research Society International Atlas(24). The reliability for these readings
(read-reread) was substantial(25) (kappa coefficient for intra-rater agreement ranged from
0.70 — 0.80)(26). Radiographic OA was defined as KL grade = 2. As we are looking to
evaluate how symptom assessments perform over the spectrum of disease, KL grade is an
appropriate radiographic measure that can assess transition to incident disease as well as
worsening of disease once the disease is established.

Statistical Analysis—SAS version 9.4 (SAS Institute Inc, Cary, NC, USA) was used for
all analyses, and p<0.05 was considered statistically significant. Baseline analyses compared
the empirical distributions of the AASK and WOMAC pain employing a Kolmogorov-
Smirnov test with a jackknifed variance estimate to account for clustered data due to the
inclusion of both knees. We also presented histograms of AASK and WOMAC pain
stratified by KL grade.

Longitudinal analyses evaluated knee-specific change in KL score over each 12 month
follow up period to separately predict the outcomes: change in AASK and WOMAC pain
scores over the same period. Observation periods where knees had a KL score of 4 at the
beginning of the period were excluded. We included bilateral knees, and time periods 0 to 12
months, 12 to 24 months, 24 to 36 months, and 36 to 48 months until the first occurrence of
a KL score of 4, arthroplasty, or the 48-month observation. Because visits after 48 months
did not occur on an annual basis, subsequent time periods were excluded. Observation
periods where knees had an arthroplasty by the end of the period were also excluded. If BMI
was missing (0.2%), the most recent annual assessment was used as a proxy or the time
period was excluded (0.04%). We performed linear regression with generalized estimating
equations to adjust covariates (age, gender, BMI) and account for correlation between knees
and across time points within a given person. We also presented stratified results by
radiographic OA (ROA) status.

Baseline analyses:

We included 4,480 people who contributed 8,873 knees, mean baseline age of 61.2 (SD 9.2)
years old and baseline BMI of 28.6 (SD 4.8) kg/m?2 with 58% female. 1950 participants did
not have ROA at baseline while 2530 did (Table 1). The people with ROA were slightly
older, had a greater BMI, and had higher AASK and WOMAC scores (Table 1). Their daily
ambulation estimates were similar (Table 1). Figure 1 shows the empirical distribution for
baseline AASK and WOMAC Pain scores for all native knees. For the WOMAC, there is a
stair step appearance to the distribution while for AASK the curve is smooth. The
distributions of these curves were significantly different (Kolmogorov-Smirnov test,
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p<0.0001). More than 40% of knees had a WOMAC pain score of 0, illustrating the floor
effect exhibited by this measure. In contrast, AASK scores show a range of values among
the knees with a WOMAC pain score of 0. We found that of the people who had an AASK
score of less than 1, 89% had a WOMAC score of 0, confirming that AASK assists in
addressing the floor effect exhibited by WOMAC pain. Figure 2 also highlights the floor
effect of WOMAC across multiple grades of KL severity which is not seen with the AASK
score.

Longitudinal analyses:

4,191 people were included, contributing 8,030 knees (mean baseline age 61.2 (SD 9.2)
years; baseline BMI 28.6 (SD 4.8) kg/m?; and 58% female). Longitudinal analyses using
linear regression evaluated the relationship of radiographic severity score changes with the
change in each symptom score. The annual change in KL score was significantly associated
with annual changes in both AASK (0.24 change per unit KL change, p<0.001) and
WOMAC scores (0.22 change per unit KL change, p = 0.002), as shown in Table 2. When
analyses were performed stratified by ROA (KL = 2 and KL < 2), annual changes in AASK
and WOMAC remained significantly associated with annual changes in KL score among
individuals with established ROA, but in individuals without ROA, a significant relationship
was found for AASK (0.20 change per unit KL change, p=0.005) but not WOMAC (0.16
change per unit KL change, p=0.070). 0.03% of the AASK scores were outliers (with a
value > 20) so we performed analysis with and without these observations. There was no
change in the results with exclusion of these observations. Recognizing PASE is a person-
level assessment, sensitivity analyses were conducted using person-level pain and K/L grade
based on the worst score from both knees, which yielded almost identical findings (not
shown).

Discussion:

Our study comparing AASK and WOMAC pain indicates AASK can be simply measured
using WOMAC(10) and the walking questions in the PASE(21) questionnaire. Both AASK
and WOMAC pain are associated with change in radiographic severity among participants
with established radiographic disease. However, among those initially without radiographic
OA, AASK had a stronger association than WOMAC pain to subsequent changes in
radiographic severity. The empirical distributions of AASK and WOMAC pain indicate that
AASK may perform better than WOMAC in the lower range of the scores because AASK
addresses a substantial floor effect exhibited by the WOMAC pain (Figure 1). Observational
studies and clinical trials targeting risk factors and treatments early in disease will only have
a chance of success if instruments that measure symptoms during that time frame within OA
are available. Thus, it is salient that our findings confirm that measures of symptoms that
consider pain in the context of activity level provide better discrimination of disease severity
than pain alone, particularly among those with lower levels of disease severity.

Our development of AASK is not the first attempt to target those with earlier symptoms. The
Knee Injury and Osteoarthritis Outcome Score (KOOS)(27) also has had a similar aim. The
KOOS does this by including assessments of higher functioning activities such as pivoting

Clin Rheumatol. Author manuscript; available in PMC 2020 March 01.
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and jumping. Although this does address higher levels of activity, ultimately many people
end up not answering these questions presumably for a variety of reasons including that
some may have a preference to not do those activities because they are uninterested in those
activities or alternatively they might avoid them to prevent symptoms. These groups of
people potentially have the extremes of symptoms so scoring them both as zeros is
problematic. The current recommendation by the developers of KOOS is to exclude the
questions that are not answered which means that these all people who do not respond to
these high level of activity questions are treated in the same way. In contrast to KOOS,
AASK, adjusts for activity by accounting for a quantitated measure of ambulation, an
activity that most people participate in on a daily basis, increasing the generalizability of our
measure.

WOMAC pain was originally validated in a study of total knee and hip arthroplasty(10) so it
makes sense that it performs well in those with late stage knee OA. This may also explain
why WOMAC pain performed less well in our study in individuals with early disease. The
WOMAC'’s lack of sensitivity to radiographic changes in early OA is a barrier to the
development of novel disease modifying OA drugs (DMOADs)(6). Given its ease of use and
greater sensitivity to detect changes in ROA severity in individuals without established ROA
at baseline, the AASK should be considered for use in future research, particularly in
clinical trials of early disease and in observational studies that include those with early
disease. Trials of these treatments usually included only participants with established
symptomatic knee OA, and once patients reach this point, they have already developed some
increase in intra-articular stress.(28) Without modifying that factor, it would be difficult to
change the natural history of the disease.(28) We postulate that the window of opportunity to
modify the natural history of knee OA may occur prior to disease onset, or early in its
development before mechanical derangement has occurred or when it can still be more
readily modified. Similarly, we may find greater success in identifying disease modifying
risk factors if we focus on those with earlier disease or without pre-existing disease, making
validation of symptom instruments in early disease, such as AASK, a critical step in that
process.

On the surface, it might seem that AASK and WOMAC function measure similar constructs.
However, there is a subtle but important difference in these measures. WOMAC function
assess the amount of difficulty people have doing particular activities while AASK assesses
the amount of activity actually performed when considering symptom severity. Thus, AASK
adds a dimension to a symptom outcome measure in knee OA that has not previously been
considered.

We have previously published on PAKS (Pain and Activity Knee Symptom score)(14) a
similar measure to the AASK, which assessed physical activity based on accelerometry data
collected over a 7-day period. Consistent with the present study, we found that PAKS scores
were more strongly associated with ROA severity than were WOMAC pain scores. An
important benefit of AASK over PAKS is that the measure of physical activity is much
simpler for AASK because PASE is simpler and less costly than use of accelerometry. The
PASE questionnaire can be completed in less than 10 minutes. In contrast, accelerometry
data requires adherence to proper wearing of an expensive accelerometer over 7 days.

Clin Rheumatol. Author manuscript; available in PMC 2020 March 01.
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Additionally, this must be processed extensively before it can be prepared in a usable form
for analyses. Thus, from a logistic perspective, the AASK is easier to measure than PAKS.
Unfortunately, we cannot comment on the relative sensitivity of PAKS versus AASK for
detecting changes in ROA in people with knee OA as the OAI lacks sufficient longitudinal
accelerometer data to address this question.

In summary AASK has longitudinal validity as it relates to radiographic OA severity. AASK
is better able to discriminate a knee that transitions from a KL grade 0 to 1 than WOMAC.
This is the finding we anticipated because AASK can discriminate two people who have the
same WOMAC pain grade by adjusting for the estimated amount of ambulation participants
engage in, thus scoring the more sedentary person as being more symptomatic. Because
AASK performs well in both persons with and without established radiographic OA and is
simple to calculate, it should be considered when assessing symptoms of knee OA in
observational studies and clinical trial that include those with early disease.
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Figure 1.

Empirical distribution for WOMAC Pain and AASK scores of OAI baseline visit for all
native knees. The distributions of these curves were significantly different (Kolmogorov-
Smirnov test, p<0.0001). Note the step-wise appearance to WOMAC Pain compared to the
smooth curve of the AASK. The green box highlights the severe floor effect of the WOMAC
where 40% of knees have a score of 0 whereas AASK scores show a distribution of scores in
this range.
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OAl Baseline Knees: AASK by KIL grade
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Histograms of OAI baseline WOMAC (a) and AASK (b) stratified by KL scores. AASK =
((WOMAC) +1)/((average daily hours of walking) + 1). Calculated scores greater than 20

were assigned to a score of 20.
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Baseline characteristics of participants

Table 1.

All participants | No ROA ROA
(n=4480) (n=1950) (n=2530)
Age, mean (SD) 61.2 (9.2) 59.4 (9.1) 62.6 (9.0)
Sex, %
Male 42.0 41.6 422
Female 58.0 58.4 57.8
BMI, mean (SD) el 28.6 (4.8) 27.2 (4.5) 29.6 (4.8)
KL Grade, % *
KL Grade 0 28.1 64.5
KL Grade 1 155 355
KL Grade 2 30.2 535
KL Grade 3 19.8 35.0
KL Grade 4 6.5 115
WOMAC Pain* median (IQR) 20(0.0-50) | 10(0.0-40) | 3.0(1.0-6.0)
Walking Estimate (Average hours walked per day), median (IQR) | 0.4 (0.1-1.3) 04(0.1-13) | 04(0.1-13)
AASK * median (IQR) 20(09-40) | 14(08-30) | 24(1.0-4.9)

*
For K/L grade, WOMAC Pain Score, and AASK Score, the higher value between the two knees was used as the person level measure.

Hk
4476 persons for the overall cohort, 1950 for the no OA cohort, and 2526 for the OA cohort.
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Table 2.

Longitudinal analysis- linear regression:

Page 13

All participants — where the predictor is change in KL score, and the outcome is difference in symptom scores
over one year of follow up. For all scores, higher score = greater symptoms.

Unadjusted Change per unit
changein KL Scoreover 1year of
follow up (95% ClI);
P-value

Adjusted aChange
per unit changein KL Scoreover 1 year of follow
up(95% Cl);
P-value

WOMAC

AASK

WOMAC

AASK

Overall Analyses

All participants (n= 26977
knee-years, 8030 knees, 4191
participants)

0.22 (0.08, 0.35); 0.002

0.24 (0.12, 0.36); <.001

0.22 (0.08, 0.35); 0.002

0.24 (0.12, 0.35); <.001

Stratified Analyses

KneesWITHOUT OA (n=
15579 knee-years, 4712 knees,
2908 participants)

0.16 (-0.01, 0.33); 0.068

0.20 (0.06, 0.34); 0.005

0.16 (~0.01, 0.33); 0.070

0.20 (0.06, 0.33); 0.005

KneesWITH OA (n=11398
knee-years, 3647 knees, 2414

participants)

0.42 (0.13, 0.70); 0.004

0.38 (0.13, 0.63); 0.003

0.42 (0.14, 0.70); 0.004

0.38(0.13, 0.63); 0.003

aAdjusted for age, sex, and BMI

AASK = ((WOMAC) +1)/((average daily hours of walking) + 1).

0.03% of AASK scores were outliers with scores greater than 20. When these scores were excluded, this did not change our results.
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