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Abstract

Objective. To compare the progression of biochemical biomarkers of osteoarthritis (OA), knee pain, and function between
nonobese patients (NON), obese patients without depression (OBESE), and obese patients with comorbid depression (O
+ D). Design. Utilizing the FNIH OA Biomarkers Consortium dataset, we categorized knee OA patients into NON, OBESE,
and O + D groups based on body mass index and Center for Epidemiological Studies—Depression (CES-D) scores. Subjective
symptoms (Knee injury and Osteoarthritis Outcome Score Quality of Life subscale (KOOS QOL), Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) Pain and Physical Function scores, and the Short Form—12 (SF-12)
Physical Component Score [PCS]) and objective measures of cartilage degradation and bone remodeling (urinary CTXII and
CTXla) were compared among groups at baseline and 2-year follow-up. Results. Of the 600 patients, 282 (47%) were NON,
285 (47.5%) OBESE, and 33 (5.5%) O + D. The O + D group had significantly worse pain and function both at baseline and
2-year follow-up (P < 0.001 for all comparisons) as evidenced by self-reported measures on KOOS QOL, WOMAC Pain,
WOMAC Physical Function, and SF-12 PCS. The O + D group also demonstrated significant increases in CTXII (P = 0.01)
and CTXla (P = 0.005), whereas the NON and OBESE groups did not. Conclusions. The combination of inferior knee pain,
physical function, and significantly greater increases in biomarkers of cartilage degradation and bony remodelling suggest a
more rapid progression for obese OA patients with comorbid depression. The link between systemic disease, inflammatory
burden, and progressive cartilage degradation is in line with increasing concerns about a degenerative synovial environment
in early osteoarthritic knees that progress to treatment failure with biologic restoration procedures.
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neither obesity nor depression alone has been identified to
be solely responsible for rapid OA progression.* Depression

Introduction

For the majority of patients with knee osteoarthritis (OA), the
disease progresses slowly over the course of multiple years.
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However, there is a subset of approximately one-third of knee
OA patients who experiences a more rapid progression of carti-
lage degradation, knee pain, and disability." Rapid progression
of knee OA is not only associated with increased pain, reduced
mobility, and reduced quality of life, but also with greater utili-
zation of health care resources.>* As such, there is an unmet
need to identify patient subsets at greatest risk of rapid OA pro-
gression in order to prevent or slow its occurrence.

Depression and obesity are highly comorbid® and each is
individually associated with increased pain and decreased
physical function in patients with knee OA,*” However,
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has been prospectively associated with worsening pain and
function in knee OA patients,® but has not been linked to
structural knee OA progression.® On the contrary, structural
progression of knee OA has been linked to obesity, as the
lifetime risk of developing symptomatic knee OA is 60%
for patients with a body mass index (BMI) >30 kg/m?.

While depression and obesity have been individually
assessed as risk factors of rapid OA progression, it remains
unknown if the combination of obesity and comorbid
depression results in progressive worsening of both subjec-
tive symptoms of pain and function, and objective measures
of cartilage degradation and bone remodeling. Hence, the
purpose of this study was to compare the progression of
biochemical biomarkers of OA and knee pain, symptoms,
and function between nonobese patients (NON), obese
patients without depression (OBESE), and obese patients
with comorbid depression (O + D). We hypothesized that
the O + D group would demonstrate significantly worse
progression of both OA-related biomarkers and subjective
symptoms and function than the other 2 groups.

Methods

Data used in the preparation of this article were obtained
from the Osteoarthritis Initiative (OAI) database, which is
available for public access at http://www.oai.ucsf.edu/
(Clinicaltrials.gov Identifier: NCT00080171). We per-
formed an analysis of the FNIH (Foundation for the
National Institutes of Health) OA Biomarkers Consortium
dataset’ to determine if patients with combined obesity
and depression demonstrate a more rapid progression of
knee OA biomarkers and symptoms. The FNIH OA
Biomarkers Consortium is a subset of the OAI database
that is a publically available and includes prospectively
collected patient demographics and health history, subjec-
tive knee symptoms, biochemical biomarkers and imaging
measurements of knee OA in a series of 600 patients.”"!
As part of the original study, patients were followed over
a 2-year period with patients completing a series of
patient-reported outcomes both at baseline and 2-year fol-
low-up. BMI at baseline was used to identify the presence
of obesity, and the Center for Epidemiological Studies—
Depression (CES-D) scale was used to quantify depres-
sive symptoms at baseline.*'> Consistent with previous
studies, obesity was defined as a BMI >30 kg/m? and the
presence of clinically significant depression was defined
as CES-D scores >16.%"2

For the current study, the following self-administered
patient-reported outcomes were included for analysis: Knee
injury and Osteoarthritis Outcome Score Quality of Life
subscale (KOOS QOL), Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) Pain and
Physical Function scores, and the Medical Outcomes Study
Short Form—12 (SF-12) Physical Component Scale (PCS).

KOOS QOL: The KOOS QOL is a validated 4-item
instrument specifically developed to assess knee-related
quality of life for patients with knee conditions."*'*
Subscale scores range from 0 to 100, with greater values
indicative of increased QOL." In knee OA patients, the
KOOS QOL has demonstrated excellent test-retest reli-
ability (intraclass correlation coefficient [ICC] = 0.83-
0.95), acceptable levels of floor and ceiling effects, and
minimal detectable change values ranging from 7.0 to
7.2 points.'> Changes in the KOOS QOL have been dem-
onstrated to coincide with the progression of radio-
graphic knee OA.'*"

WOMAC: The WOMAC OA Index is a 22-item scale,
which was also developed and validated for use with OA
patients in order to assess the course of OA progres-
sion.'"® The WOMAC Pain score ranges from 0 to 20
with greater scores indicating worse, more severe pain.
Test-retest reliability (ICC) of the WOMAC Pain score
ranges from 0.65 to 0.98, with minimal detectable
change values ranging from 18.8 to 22.4.° WOMAC
Physical Function scores range from 0 to 68, again with
greater scores indicating worse function. Test-retest reli-
ability (ICC) WOMAC Physical Function score ranges
from 0.86 to 0.93, with minimal detectable change val-
ues ranging from 10.6 to 15.0." The WOMAC Pain and
Physical Function scores are the 2 most commonly used
patient-reported outcome tools used in knee OA patient
populations."

SF-12 PCS: The SF-12 PCS ranges from 0 to 100 where
greater values are associated with increased physical func-
tioning. Like the WOMAC, the SF-12 PCS has been
extensively used in the knee OA patient population to
assess physical function.'?' It consists of 12 items, with
PCS scores calculated by summing factor-weighted scores
derived from a US-based general population sample.”

To quantify the progression of knee OA, we opted to
use biochemical biomarkers of cartilage degradation and
bone remodeling as opposed to radiographic measures.
Radiographic joint space narrowing has long been considered
the gold standard for determining the progression of OA.
Unfortunately, joint space narrowing has limited responsive-
ness and often requires longer follow-up times before measur-
able differences can be detected.’” As such, we opted to use 2
biochemical biomarkers that have been demonstrated to be
predictive of radiographic OA progression.'!

C-terminal crosslinked telopeptide of type Il collagen
(CTXIl): Following cartilage degradation, CTXII is
released into the synovial fluid and the circulation.
CTXII has been identified as a biomarker for the diagno-
sis, staging, and evaluating the prognosis of hip and knee
OA.""* We have also reported that CTXII correlates
with the degree of joint destruction and increases
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Table 1. Comparison of Baseline Characteristics (mean + SD) between Nonobese Patients (NON), Obese Patients without
Depression (OBESE), and Obese Patients with Comorbid Depression (O + D).

Variable NON OBESE O+D P
N 282 285 33 —
Sex, male/female, (% female) 133/149 (52.8) 109/176 (61.8) 9/24 (72.7) 0.02
Age, years, mean = SD 63.1 £9.1 60.2 + 84 59.0+8.3 <0.001
BMI, kg/m?, mean + SD <0.001
Baseline 267 £2.5 33.9+32 359 + 4.6
2-year 27.3 £ 3.1 33.6 £3.7 352 %53
CES-D,* mean + SD <0.001
Baseline 65+79 54142 243 + 6.9
2-year 64 +6.6 59+57 17.3 £87
Race, % Caucasian 87.2 71.6 63.6 <0.001
Baseline OARSI grade, n (%) 0.01
0 33(11.7) 17 (6.0) 4 (12.1)
| 92 (32.6) 67 (23.5) 8 (24.2)
2 64 (22.7) 99 (34.7) 9(27.3)
3 70 (24.8) 80 (28.1) 11 (33.3)
4 23 (8.2) 22 (7.7) 1 (3.0)

BMI = body mass index; CES-D = Center for Epidemiological Studies—Depression scale; OARSI, Osteoarthritis Research Society International.
*There was a significant group x time interaction for CES-D as the O + D group demonstrated a significant reduction in CES-D scores at 2 years. The
mean CES-D score at 2 years for the O + D group was >16 suggesting that clinically significant depressive symptoms persisted for the majority of

patients in this group.

significantly within one month after anterior cruciate
ligament injury.***> CTXII was measured in the urine by
enzyme-linked immunosorbent assay (ELISA; Cartilaps
(CTX-II); Immunodiagnostic Systems, Inc., Fountain
Hills, AZ),*** and was normalized to urinary creatinine
levels which were also measured by ELISA (Quidel, San
Diego, CA)."*°

Nonisomerized alpha version of the C-terminal cross-
linked telopepide of type I collagen (CTXlo): In OA
knees, CTXIa is localized to areas of high turnover of
subchondral bone,”® and has been found to be predictive
of OA symptom and radiographic progression."’ CTXIo
was measured in the urine by sandwich ELISA
(Immunodiagnostic Systems, Inc., Fountain Hills, AZ),
and was normalized to urinary creatinine levels also mea-
sured by ELISA (Quidel, San Diego, CA).""** LabCorp
Clinical Trials performed both biomarker assays.” "'

Statistical Analyses

Patients were categorized into 3 groups based on BMI and
CES-D scores: nonobese patients (NON; BMI <30 kg/m?),
obese patients without depression (OBESE; BMI >30 kg/
m” and CES-D <16), and obese patients with depression (O
+ D; BMI >30 kg/m” and CES-D >16). Separate repeated
measures analyses of variance (ANOVAs) were used to
compare baseline and 2-year values between groups for the
following variables: KOOS Quality of Life, WOMAC Pain,
WOMAC Physical Function, SF-12 Physical Component

Score, CTXII, and CTXIa. For all analyses, patient age,
biological sex, race, and OA grade at baseline were included
as covariates,'’ and the location of significant differences
was determined using post hoc tests with a Bonferroni cor-
rection. Biological sex, race, and OARSI (Osteoarthritis
Research Society International) grade at baseline were
compared between the 3 groups using chi-square tests, and
a 1-way ANOVA was used to compare age between groups.
An a-level of 0.05 was considered to be statistically signifi-
cant, and all analyses were performed using SPSS Statistics
version 24 (IBM, Armonk, NY).

Results

Of the 600 patients, 282 (47%) were not obese, 285 (47.5%)
were obese without depression, and 33 (5.5%) were obese
with comorbid depression at the baseline visit (Table 1).
While BMI remained stable for all 3 groups over the 2-year
study period, there was a significant group x time interac-
tion for CES-D scores, with the O + D group demonstrating
a reduction in the severity of depressive symptoms over this
period (Table 1). KOOS QOL, WOMAC Pain, WOMAC
Physical Function, and SF-12 PCS were significantly worse
for the O + D group compared with the other 2 groups, both
at baseline and 2-year follow-up (Table 2).

The O + D group demonstrated significantly greater
increases in both CTXII and CTXIa between baseline and
2 years when compared with the NON and OBESE groups
(P=0.03 and P =0.005, respectively; Figs. 1 and 2). CTXII
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Table 2. Baseline and 2-Year Patient-Reported Outcomes (mean + SD) between Nonobese Patients (NON), Obese Patients without
Depression (OBESE), and Obese Patients with Comorbid Depression (O + D).

Variable NON OBESE O+D P
KOOS QOL <0.001®
Baseline 66.8 +20.7 64.1 £19.7 48.7 + 24.6
2-year 68.7 +21.9 66.3+21.8 443 +£21.6
WOMAC Pain <0.001®
Baseline 2.1 £29 2430 5546
2-year 2733 29+32 7.1 £46
WOMAC ADL <0.001°
Baseline 6.8+92 9.1 £10.3 20.7 £ 16.1
2-year 79+99 94+ 104 25.1 + 144
PCS <0.001?
Baseline 50.1 +8.3 48.0 + 8.7 41.0+£9.0
2-year 483 +9.3 469 + 89 37.6 + 10.0

KOOS QOL = Knee injury and Osteoarthritis Outcome Score Quality of Life subscale; WOMAC = Western Ontario and McMaster Universities
Osteoarthritis Index; ADL, activities of daily living; PCS, physical component summary.
0 + D group significantly differed from NON and OBESE groups at both time points.
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Figure . Significantly greater increases in CTXIl (mean * standard error) were noted between baseline to 2-year follow-up for
the group of patients with combined obesity and depression (O + D). Values normalized to urinary creatinine concentration and
expressed as ng/mmol Cr.

for the O + D group was 339.1 + 36.2 ng/mmol creatinine  remained relatively unchanged from baseline (332.2 + 12.4
(Cr) at baseline and increased to 409.0 + 32.8 ng/mmol Cr ng/mmol Cr) to 2 years (341.3 = 11.2 ng/mmol Cr) whereas
at 2 years. In comparison, CTXII in the OBESE group  the NON group demonstrated a decrease in CTXII over this
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Figure 2. Significantly greater increases CTXlo (mean * standard error) were noted between baseline to 2-year follow-up for
patients with combined obesity and depression (O + D). Values normalized to urinary creatinine concentration and expressed as pg/

mmol Cr.

period (baseline = 333.1 + 12.5 ng/mmol Cr, 2 year = 308.7
+ 11.4 ng/mmol Cr). Similarly, CTXIa increased for the O
+ D group between the 2 time points (baseline =0.57 £ 0.27
pg/mmol Cr, 2 year = 0.66 + 0.53 pg/mmol Cr) whereas
CTXIa decreased over time for both the NON (baseline =
0.81 £0.79 pg/mmol Cr, 2 year = 0.59 + 0.38 pg/mmol Cr)
and OBESE groups (baseline = 0.66 + 0.47 pg/mmol Cr, 2
year = 0.58 + 0.44 pg/mmol Cr).

Discussion

The purpose of this study was to compare the progression of
biochemical biomarkers of OA and knee pain and symptoms
between nonobese patients, obese patients without depres-
sion, and obese patients with comorbid depression. This
study was not without limitation. First and foremost, only 33
patients (5.5%) in the current study presented with com-
bined obesity and depression. The low prevalence of com-
bined obesity and depression was driven in large part by a
lower prevalence of depression in the FNIH OA Biomarkers
dataset than previously demonstrated in other series of OA
patients. It has been previously reported that approximately
20% of OA patients have comorbid depression,””*® and

additional study is necessary to determine the prevalence of
combined obesity and depression in the larger OA popula-
tion. Second, we opted to treat obesity and depression as cat-
egorical variables instead of using BMI and CES-D scores
as continuous variables. This was done in an attempt to
make the findings easier to transition in the clinical setting,
as using predefined thresholds for both obesity and CES-D
scores would offer simple, straightforward methods to iden-
tify at risk patients in the clinical setting. However, even
symptoms of depression that do not meet the clinical signifi-
cance threshold may affect progression of knee OA in obese
individuals. Third, synovial fluid samples were not collected
and the current analysis was limited to urinary biomarkers of
OA. While not a 1:1 representation of the intra-articular
environment, both urinary CTXII and CTXIa have been
identified as being predictive of radiographic OA progres-
sion."" Finally, other comorbid conditions associated with
increased systemic inflammation such as diabetes or chronic
obstructive pulmonary disorder were not assessed in the cur-
rent study, and future studies are necessary to determine if
there is an additive effect of obesity and other comorbidities
in terms of the total systemic inflammatory burden. Despite
these limitations, by and large the results supported our
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hypothesis that the group with combined obesity and depres-
sion would demonstrate significantly worse progression of
both OA biomarkers and subjective symptoms than the other
2 groups.

Rationale for Worsening OA for Obese Patients
with Comorbid Depression

Knee OA is a chronic inflammatory condition.
Cytokines, monocytes, and macrophages act as mediators
in the cycle of cartilage degradation in knee OA. Synovial
macrophages activated by proinflammatory cytokines (IL-
1B and others) as a result of cartilage breakdown produce
proinflammatory cytokines, which then activate chondro-
cytes and production of matrix metalloproteinases (MMPs),
thereby creating the cyclical process of cartilage degrada-
tion.”” However, this local inflammatory process within the
knee may be mediated by the level of inflammation and
IL-1B expression within the entire body.”’ This systemic,
extra-articular process is not benign as patients with
increased peripheral expression of IL-1 demonstrate a
more rapid progression of knee OA..!

Like knee OA, obesity and depression are also associ-
ated with increased systemic inflammation and expres-
sion of peripheral IL-1B.*?'?® Both obesity and
depression have been individually identified to increase
the risk of systemic conditions ranging from rheumatoid
arthritis to leukemia.’*” Obesity and depression have
each been shown to directly affect the knee, as the risk of
surgical site infections is significantly greater for knee
arthroscopy patients with comorbid depression and/or
obesity.” It has been proposed that these increased risks
may be due to increased systemic inflammation creating a
physiological environment that promotes the develop-
ment of additional inflammatory comorbidities.”
Furthermore, there may be an additive effect of combined
inflammatory comorbidities as the severity of depression
and anxiety in both knee osteoarthritis and rheumatoid
arthritis patients correlated with serum concentrations of
pro-inflammatory cytokines.*”*' As such, in the current
study the increased cartilage degradation and bone remod-
eling demonstrated by the subset of obese patients with
comorbid depression may perhaps be due to an increased
systemic inflammatory burden when compared with
either nonobese patients or obese patients without
depression.

However, the rationale for the increased cartilage degra-
dation and bone remodeling in the subset with combined
obesity and depression may not be solely biological, as
there could also be a mechanical link in the cycle of obe-
sity, depression, and OA progression. Both pain and func-
tional limitations are lessened for OA patients that routinely
engage in physical activity and other management strate-
gies.*” On the contrary, depressed OA patients have a

29,30

greater likelihood of reduced physical activity, which may
contribute, in part, to progressive cartilage degradation.®’
In addition to the proposed biological mechanism of OA
progression associated with the combination of obesity and
depression, the reduction in physical activity may result in
reduced loading and subsequent deconditioning of the
articular cartilage. There appears to be an optimal window
in terms of mechanical loading of articular cartilage. It is
logically intuitive that excessive cyclical loading of the
cartilage can result in degradation and/or injury***’; how-
ever, there may also be a lower bound or threshold of load-
ing below which cartilage degradation may occur.*
Depression, obesity, and knee OA are individually associ-
ated with sedentary behaviors and reduced physical activ-
ity, thereby creating a theoretical cycle of pain, inactivity,
and cartilage degradation that may coincide with cartilage
degradation secondary to the systemic inflammatory bur-
den for the subset of obese OA patients with comorbid
depression.

Clinical Implications

In the current study, obese OA patients with comorbid
depression demonstrated increased knee pain and inferior
physical function both at baseline and 2-year follow-up
when compared with nonobese patients or obese OA
patients without depression. This subset of patients also
demonstrated significantly greater increases in biomarkers
of cartilage degradation and bony remodeling consistent
with rapid OA progression. The current results can help
clinicians identify the subgroup of patients with O+D who
are at the highest risk of rapid progression and justify the
need for educational information and potential referrals to
address depression and obesity in addition to usual care
treatments in orthopedic practices. This study also high-
lights the need to develop interventions that can directly
target comorbid depression in obese OA patients.

BMI is already routinely collected as part of the clinical
care for those with knee OA, with obese patients often
counselled on the benefits of weight loss and/or physical
activity programs. The current results further suggest that
the orthopedic community may need to consider adminis-
tering a depression scale as part of clinical care to identify
patients who may benefit from adjunctive behavioral
interventions. Depressed patients, whether or obese or not,
are less adherent to treatment recommendations and dem-
onstrate reduced benefits even when treatment regimens
are followed.**** Behavioral interventions to specifically
lessen depressive symptoms have also been demonstrated
to reduce knee OA pain and symptoms,* but it remains
unknown if depression-related behavioral interventions
also promote greater adherence with weight loss and/or
physical activity programs. Breaking the cycle of depres-
sion and obesity may reduce OA symptoms,*** and future
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studies are necessary to determine if this may also slow
the progression of cartilage degradation by reducing sys-
temic inflammation and/or creating more optimal mechan-
ical loading through increased physical activity. Failing to
reduce depressive symptoms and body weight may not
only predispose patients to a more rapid OA progression
but also increases the likelihood of a poor postoperative
outcome after arthroplasty procedures for those that prog-
ress to end-stage OA.>**! Finally, this investigation opens
the door to a potential link between systemic disease and
inflammatory burden in relation to progressive cartilage
degradation for those with knee OA. This is in line with
increasing concerns about a degenerative synovial envi-
ronment that is being identified in early osteoarthritic
knees that progress to treatment failure with biologic res-
toration procedures.
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