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ASSOCIATION OF OSTEOARTHRITIS AND FUNCTIONAL LIMITATIONS
WITH COGNITIVE IMPAIRMENT AMONG OLDER ADULTS IN THE
UNITED STATES

C. Jacobs 1, M. Rakutt 1, C. Conley 1, A.V. Stone 1, S.T. Duncan 1, R. Mace 2,
J. Greenberg 2, A.-M. Vranceanu 2, D. Landy 1. 1Univ. of Kentucky,
Lexington, KY; 2Massachusetts Gen. Hosp., Boston, MA

Purpose: Worldwide, more than 240 million people have symptomatic
osteoarthritis (OA) that limits activity. Peripheral inflammatory medi-
ators are elevated for those with OA, and previous research suggests
that these processes subsequently cause neuroinflammation in the
central nervous system thereby triggering cognitive impairment. As
such, OA may increase the risk of cognitive impairment and dementia.
However, it remains unclear if OA is an independent risk factor for
cognitive impairment when controlling for other risk factors such as
age, sex, race/ethnicity, and functional limitations. The purpose of this
study was to assess the association between cognitive impairment, OA,
and functional limitations when controlling for demographic risk fac-
tors. We hypothesized that OA would be an independent risk factor for
subsequent cognitive impairment.
Methods: The National Health and Nutrition Examination Survey, a
nationally representative sample of the civilian US population collected
by the CDC, was used to identify participants 60 years of age or older
who completed cognitive function testing including the CERAD word
leaning subtests (first recall and delayed recall), animal fluency tests,
and digit symbol substitution tests. Participants were grouped by
whether they reported a diagnosis of OA by a health care provider.
Those with other types of arthritis were excluded. Participants were
then grouped by whether they had functional limitations, defined as
difficulty standing for an extended period of time or walking a quarter
mile, and further by whether this limitation was due to their OA. Cog-
nitive function testing results were analyzed as a continuous outcome
as well as a dichotomized outcome where the lowest quartile was
defined as cognitive impairment. Multivariable associations of patient
group with cognitive function testing were performed with linear and
logistic regression used to adjust for sex, age, and ethnicity. All analyses
were performed using survey-specific statistics with incorporation of
weighting and survey design characteristics to produce nationally
representative estimates.
Results: In total, there were 2,776 unique participants with data repre-
senting a population of 50,242,917. Of this population, 19,865,293 (40%)
did not report either OA or functional limitations; 10,526,296 (21%) had
OA but not functional limitations; 7,690,136 (15%) did not have OA but
had functional limitations; 8,558,546 (17%) had OA and related func-
tional limitations; and 3,602,645 (7%) had OA and functional limitations
unrelated to their OA. Compared to participants with no OA and no
functional limitations, those with OA and no functional limitations, had
similar cognitive function on the CERAD first recall (0.1 words, P¼.40),
CERAD delayed recall (0.2 words, P¼.22), and animal fluency (0 names,
P¼.56) tests but higher cognitive function on the digit substitution (2
matches, P¼.005) test. Compared to participants with no OA and no
functional limitations, those with no OA and functional limitations, had
lower cognitive function on the CERAD first recall (-0.3 words, P<.001),
CERAD delayed recall (-0.5 words, P¼.002), animal fluency (-2 names,
P<.001), and digit substitution (-6 matches, P<.001) tests. Compared to
participants with OA and no functional limitations, those with OA and
functional limitations related to their OA, had lower cognitive function
on the CERAD first recall (-0.2 words, P¼.01), CERAD delayed recall (-0.3
words, P¼.07), animal fluency (-2 names, P<.001), and digit substitution
(-8 matches, P<.001) tests. Compared to participants with OA and
functional limitations from their arthritis, those with OA and functional
limitations unrelated to their OA had similar cognitive function on the
CERAD first recall (0.0 words, P¼.92), CERAD delayed recall (-0.2 words,
P¼.30), animal fluency (0 names, P¼.54), and digit substitution (1 match,
P¼.55) tests. These results were largely consistent with those where
cognitive function was dichotomized into cognitive impairment (Table
1). When controlling for age, sex, and race/ethnicity, OA did not appear
to be an independent risk factor for cognitive impairment. On the con-
trary, functional limitations, whether related to OA or not, appeared to
increase the risk of cognitive impairment (Table 2). The group with OA
and no functional impairment demonstrated similar Odds Ratios (range
¼ 0.8 to 1.1) to the group with neither OA nor functional limitations
(Reference group, Odds Ratios¼ 1.0). Odds Ratios were, however, greater
for the groups that reported functional limitations regardless of OA
diagnosis (range ¼ 0.9 to 2.9; Table 2).
Conclusions: Counter to our hypothesis, OA, independent of physical
functioning, does not appear to be overtly associated with cognitive
impairment. When controlling for age, sex, and race/ethnicity, func-
tional limitations are associated with increased the risk of cognitive
impairment regardless of OA. These results further support inter-
ventions to reduce functional limitations and improve physical activity
amongst older adults, irrespective of OA diagnosis.
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Purpose: Knee osteoarthritis (OA) is a degenerative disease associated
with pain, loss of function and possible need for total knee replacement
(TKR). TKR is driven by disease severity and many other non-clinical
factors; consequently, studying TKR endpoints for OA clinical trials has
not been optimal. The recent report from Kim et al. (Kim et al., 2020)
proposes the use of composite clinical endpoints based on combina-
tions of severe pain and/or functional impairment utilizing WOMAC
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(Likert version) or the occurrence of TKR. The purpose of our analyses
was to examine the performance of Kim’s suggested composite end-
points and other potential composite endpoints as an alternative to TKR
only.
Methods: We utilized data from the progression cohort (1390 partic-
ipants) from the Osteoarthritis Initiative (OAI) where data was collected
annually for up to 9 years. Unicompartmental knee replacements were
not considered as knee replacement events in these analyses. We
examined various composite endpoints by studying their incidence, e.g.
incidence of TKR or WOMAC Pain � 15 out of a possible 20. To select a
preferable endpoint, the criteria that were used included (1) incidence
higher than incidence of TKR (17%); (2) exhibit a lower incidence of
disease status fluctuation based on WOMAC scores, defined as partic-
ipants who do not maintain Kim’s criteria at subsequent visits (3)
statistical relationship of composite endpoint with eight pre-identified
clinical endpoints (WOMAC Pain and Disability, KOOS Quality of Life and
SF-12, medial and lateral joint space narrowing, Kellgren Lawrence
Grade (KLG) and knee effusion).
Results: Overview of seven definitions employed and the associated
incidences considering all visits up to 9 years are given in Table1. The
incidence of the events ranged between 17-25% across the seven defi-
nitions. Definitions 6 and 7, which captured both pain and disability
were best related with the clinical outcomes. Disease status fluctuation
was observed with all definitions and was seen in the next immediate
visit for most participants. Persistence, as indicated by multiple con-
secutive visits having WOMAC scores higher than the threshold, was
low (data not shown). In addition, the mean decrease in pain and dis-
ability scores at a subsequent visit was 7 points (0-20 range) for pain
and 21 points for disability (0-68 range), which is above the minimum
clinically important difference. Definition 4 and 5 required two con-
secutive visits with scores above the thresholds but the participants
that were captured with these definitions still had incidence of fluc-
tuations similar to fluctuations for endpoints based on a single visit. To
investigate fluctuations further, we tested some variations of these
definitions (data not shown). By combining definitions 6 and 7, there
was an increase in incidence, compared to the definitions separately,
but incidence of fluctuation remained similar. By adding “AND KLG4” to
Definition 7, the incidence did not increase compared to just TKR. By
adding “OR KLG4” to Definition 7, the incidence increased (more than
doubling that of TKR) with lower fluctuations overall but without
reducing the incidence of fluctuations of participants meeting the cri-
teria based only on WOMAC scores.
Conclusions: This study showed that Kim’s definitions can increase the
incidence from 17% for only TKR to an incidence of the composite
endpoint of 25%. Disease status fluctuation driven by WOMAC scores
was observed in all definitions and did not improve by combining
definitions or adding KLG ratings, possibly reflecting the episodic
Incidence of endpoints, disease status fluctuation, and rank of clinical meaningfulne

Endpoints Incidence of endpoints: Participants
reaching event (% out of 1390)

Diseas
partici
Patien

Endpoint 1 239 (17%) 0 (0%)
Endpoint 2 295 (21%) 56 (77%
Endpoint 3 332 (24%) 93 (82%
Endpoint 4 251 (18%) 12 (67%
Endpoint 5 261 (19%) 22 (73%
Endpoint 6 344 (25%) 105 (77
Endpoint 7 334 (24%) 95 (76%

Definitions of endpoints: Endpoint1: TKR Only; Endpoint 2: TKR orWOMACDisability
�51 on two consecutive visits; Endpoint 5: TKR orWOMAC Pain�15 on two consecutiv
or WOMAC (Disability �43 AND Pain �13)
nature of pain in OA, or from limitations of the database used (OAI).
Relation with the selected clinical outcomes was best for endpoints 6
and 7 suggesting their further usage in clinical programs as composite
endpoints.
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MINIMAL IMPORTANT CHANGE, PATIENT ACCEPTABLE SYMPTOM
STATE, AND TREATMENT FAILURE FOR THE OXFORD KNEE SCORE
IN PATIENTS UNDERGOING UNICOMPARTMENTAL KNEE
ARTHROPLASTY: INTERPRETATION THRESHOLD VALUES AT 3-, 12-,
AND 24-MONTH FOLLOW-UP

L.K. Harris 1, A. Troelsen 1, K. Gromov 1, A. Price 2, L.H. Ingelsrud 1. 1Dept.
of Orthopaedic Surgery, Copenhagen Univ. Hosp. Hvidovre, Copenhagen
Denmark, Hvidovre, Denmark; 2Nuffield Dept. of Orthopaedics,
Rheumatology and Musculoskeletal Sci., Univ. of Oxford, UK, Headington,
United Kingdom

Purpose: Unicompartmental Knee Arthroplasty (UKA) is a viable alter-
native to total knee arthroplasty for patients with knee osteoarthritis
with a certain wear pattern. The Oxford Knee Score (OKS) is frequently
used to assess pain and function scores from a patient-centered per-
spective. However, meaningful interpretation of these OKS values can be
challenging, as statistical significant improvements are not necessarily
clinically meaningful. Therefore, interpretation threshold values are
needed for the OKS in patients undergoing UKA. We investigated the
Minimal Important Change (MIC), Patient Acceptable Symptom State
(PASS), and Treatment Failure (TF) interpretation threshold values for the
OKS at 3-, 12-, and 24-month follow-up in patients undergoing UKA.
Methods: A prospective cohort study with data from patients under-
going UKA collected at a single hospital, since 2016. Data included 3-,
12-, and 24-month postoperative responses to the OKS and three
anchor questions asking whether they experienced overall changes in
symptoms, whether they considered their symptom state to be sat-
isfactory, and if not, whether they considered the treatment to have
failed. MIC, PASS, and TF threshold values were calculated with the
anchor-based adjusted predictive modeling method. Non-parametric
bootstrapping was used to derive 95% confidence intervals (CI).
Results: Complete 3-, 12-, and 24-month postoperative data was
obtained from 317 (60%), 305 (69%), and 195 (64%) patients, median age
of 68-69 years (57-58% females). While 87%, 88%, and 88% felt impor-
tantly improved, 82%, 83%, and 84% considered themselves to have
satisfactory symptoms, and 4%, 7%, and 9% considered the treatment to
have failed, at 3-, 12-, and 24-month postoperatively, respectively. OKS
MIC values were 5 (CI 3-6), 8 (CI 6-9), and 6 (CI 4-8), OKS PASS values
were 29 (CI 28-30), 33 (CI 32-34), and 31 (CI 29-34), and OKS TF values
were 25 (CI 20-28), 30 (CI 28-32), and 28 (CI 25-30) at 3-, 12-, and 24-
month postoperatively, respectively.
ss

e status fluctuations (among
pants who have a non TKR event):
ts with non TKR event (% reversing)

Rank of clinical
meaningfulness (each
endpoint was ranked with
clinical endpoint): Rank
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�51; Endpoint 3: TKR orWOMAC Pain�15; Endpoint 4: TKR orWOMACDisability
e visits; Endpoint 6: TKR orWOMAC (Disability�51 or Pain�15); Endpoint 7: TKR
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