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Abstract
Background Psychological distress can negatively in-
fluence disability, quality of life, and treatment out-
comes for individuals with hip and knee osteoarthritis
(OA). Clinical practice guidelines recommend a com-
prehensive disease management approach to OA that
includes the identification, evaluation, and management

of psychological distress. However, uncertainty around
the best psychological screening and assessment
methods, a poor understanding of the heterogeneity of
psychological distress in those with OA, and lack of
guidance on how to scale treatment have limited the
growth of OA care models that effectively address in-
dividual psychological needs.
Questions/purposes (1) Across which general and pain-
related psychological distress constructs do individuals
seeking conservative care for hip or knee OA report
higher scores than the general population of individuals
seeking conservative care for musculoskeletal pain condi-
tions? (2) What common psychological phenotypes exist
among nonsurgical care-seeking individuals with hip or
knee OA?
Methods The sample included participants from the Duke
Joint Health Program (n = 1239), a comprehensive hip and
knee OA care program, and the Optimal Screening for
Prediction of Referral and Outcome (OSPRO) cohort
studies (n = 871) comprising individuals seeking conser-
vative care for knee, shoulder, low back, or neck pain. At
the initial evaluation, patients completed the OSPRO
Yellow Flag (OSPRO-YF) Assessment Tool, which as-
sesses 11 general and pain-related psychological distress
constructs (depression, anxiety, fear of movement, self-
efficacy for managing one’s own pain). We used OSPRO-
YF scores to compare levels of psychological distress be-
tween the cohorts. Cohen’s d effect sizes were calculated to
determine the magnitude of differences between the
groups, with d = 0.20, d = 0.50, and d = 0.80 indicating
small, medium, and large effect sizes, respectively. We
used a latent class analysis to derive psychological distress
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phenotypes in people with OA based on the 11 OSPRO-YF
psychological distress indicators. Psychological distress
phenotypes are characterized by specific mood, belief, and
behavioral factors that differentiate subgroups within a
population. Phenotyping can help providers develop scal-
able treatment pathways that are better tailored to the
common needs of patients.
Results Patients with OA demonstrated higher levels of
general and pain-related psychological distress across all
psychological constructs except for trait anxiety (that is,
anxiety level as a personal characteristic rather than as a
response to a stressful situation, like surgery) with small-to-
moderate effect sizes. Characteristics with the largest effect
sizes in the OA and overall OSPRO cohort were (Cohen’s d)
general anxiety (-0.66, lower in the OA cohort), pain cata-
strophizing (the tendency to ruminate over, maginfiy, or feel
helpless about a pain experience, 0.47), kinesiophobia (pain-
related fear of movement, 0.46), pain self-efficacy (confi-
dence in one’s own ability to manage his or her pain, -0.46,
lower in the OA cohort), and self-efficacy for rehabilitation
(confidence in one’s own ability to perform their re-
habilitation treatments, -0.44, lower in the OA cohort). The
latent class analysis yielded four phenotypes (% sample):
high distress (52%, 647 of 1239), low distress (26%, 322 of
1239), low self-efficacy and acceptance (low confidence in
managing and willingness to accept pain) (15%, 186 of
1239), and negative pain coping (exhibiting poor pain
coping skills) (7%, 84 of 1239). The classification error rate
was near zero (2%), and themedian of posterior probabilities
used to assign subgroup membership was 0.99 (interquartile
range 0.98 to 1.00), both indicating excellent model per-
formance. The high-distress group had the lowest mean age
(616 11 years) and highest levels of pain intensity (66 2)
and disability (HOOS JR: 50 6 15; KOOS JR: 47 6 15),
whereas the low-distress group had the highest mean age (63
6 10 years) and lowest levels of pain (46 2) and disability
(HOOS JR: 636 15; KOOS JR: 606 12). However, none
of these differences met or exceeded anchor-based minimal
clinically important difference thresholds.
Conclusions General and pain-related psychological dis-
tress are common among individuals seeking comprehen-
sive care for hip or knee OA. Predominant existing OA care
models that focus on biomedical interventions, such as
corticosteroid injection or joint replacement that are
designed to directly address underlying joint pathology and
inflammation, may be inadequate to fully meet the care-
related needs of many patients with OA due to their un-
derlying psychological distress. We believe this because
biomedical interventions do not often address psycholog-
ical characteristics, which are known to influence OA-
related pain and disability independent of joint pathology.
Healthcare providers can develop new comprehensive hip
and knee OA treatment pathways tailored to these pheno-
types where services such as pain coping skills training,

relaxation training, and psychological therapies are de-
livered to patients who exhibit phenotypes characterized by
high distress or negative pain coping. Future studies should
evaluate whether tailoring treatment to specific psycho-
logical phenotypes yields better clinical outcomes than
nontailored treatments, or treatments that have a more
biomedical focus.
Level of Evidence Level III, diagnostic study.

Introduction

Hip and knee osteoarthritis (OA) is one of the leading causes
of pain and disability in adults, and a direct contributor to the
increasing economic burden of health care in the United
States and worldwide [47, 79]. Psychological distress can be
general (such as depression and anxiety) or pain-related
(such as catastrophic thinking about pain and low self effi-
cacy or confidence for managing pain). Increased psycho-
logical distress manifests behaviorally by having an
individual do less in reponse to his/her pain experience [73].
As a result, recent clinical practice guidelines
recommended a comprehensive approach to OA treatment
that includes the identification, evaluation, and management
of general and pain-related psychological distress [4].
However, a poor understanding of psychological distress,
heterogeneity among those with hip and knee OA, un-
certainty around the best psychological screening and as-
sessment methods, and lack of guidance on how to scale
treatment have limited the growth of OA care models that
effectively address individual psychological needs [38].

Psychological processes are highly interconnected and
collectively function in a variety of ways to impact pain and
disability related to OA [59]. Healthcare providers must
understand variability in the clinical presentation of psy-
chological distress among care-seeking people with OA to
develop comprehensive, personalized care plans. To date,
the full breadth and scope of psychological distress among
individuals with hip and knee OA is unclear. Prior OA
studies have predominantly focused on a limited number of
individual characteristics such as depression or pain cata-
strophizing [74]. These characteristics can substantially
affect treatment outcomes for patients with hip and knee
OA, but they represent only a few of the characteristics that
comprise an individual’s broader psychological profile.
This knowledge gap is critical because recent research of
other musculoskeletal conditions suggests that multiple
psychological characteristics provide greater prognostic
information on clinical outcomes than individual charac-
teristics alone do [48, 73]. These studies highlight the cu-
mulative risk conferred by psychological distress and
reinforce the need to evaluate and address multiple psy-
chological characteristics as part of a comprehensive ap-
proach to hip and knee OA treatment [2].
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Therefore, we asked: (1) Across which general and
pain-related psychological distress constructs do individ-
uals seeking care for hip or knee OA report higher scores
than the general population of individuals seeking care for
musculoskeletal pain conditions? (2) What common psy-
chological distress phenotypes exist among care-seeking
individuals with hip or knee OA?

Patients and Methods

Study Design and Setting

Thiswas a retrospective, cross-sectional evaluation of patients
with hip or knee OA treated in the Duke Joint Health
Program. Guided by the biopsychosocial model and behavior
change theories [8, 62], the Joint Health Program is an OA
management program focused on comprehensive evaluation
and integrated, multidisciplinary management of hip or knee
OA [51]. A primary OA provider provides direct treatment
and functions as an “OAhome” by coordinating services with
other healthcare partners such as orthopaedic surgeons, reg-
istered dieticians, weight loss specialists, and behavioral
health providers, as well as other medical specialists when
appropriate. Primary OA providers are physical therapists
with advanced training specific to OA care that includes
disease education, sleep health, OA-specific nutrition and
weight management, and cognitive-behavioral theory-based
strategies for mitigating pain-associated psychological dis-
tress [51]. Primary OA providers work with patients to ad-
dress their specific needs (such as exercise and nutritional and
psychological needs) to develop a holistic OA management
regimen. The program operates within the Duke University
Health System, which consists of three hospitals, 14 ambu-
latory orthopaedic clinics, and 17 ambulatory physical ther-
apy sites. This study was approved by the Duke University
Health System’s institutional review board.

Participants

This study included baseline (that is, initial evaluation) data
from individuals with hip or knee OA referred from a phy-
sician to the Joint Health Program between October 2017
and November 2019. A total of 1364 patients entered the
Joint Health Program during the study timeframe. Of those,
125 patients did not have complete data on the questionnaire
used for the phenotyping analysis and were excluded. This
left a final sample of 1239 patients in the final analysis
(Fig. 1). Patients were generally referred to the Joint Health
Program if theywere not immediate candidates for total joint
arthroplasty or elected to undergo nonsurgical management.
To provide context for psychological assessment scores (that
is, are scores high, low, or average among those with OA?)

and better understand the potentially unique distress char-
acteristics and health care delivery needs of patientswithOA
undergoing conservative care, we derived a comparison
cohort from theOptimal Screening for Prediction of Referral
and Outcome (OSPRO) development and validation cohort
studies [24, 42]. Descriptions of these cohorts were pre-
viously published and include intake data from individuals
(n = 871) seeking conservative care for a variety of knee,
shoulder, low back, or neck pain conditions within the
Orthopaedic Physical Therapy Investigator Network, a na-
tional network of outpatient physical therapy clinics. Briefly,
the OSPRO development cohort (n = 431) was a cross-
sectional cohort used to develop the OSPRO Yellow Flag
(OSPRO-YF) Assessment tool, described in further detail
below. The OSPRO validation cohort (n = 440) was sub-
sequently and separately assembled as a longitudinal cohort
to validate the newly-developed OSPRO-YF tool and es-
tablish its ability to predict clinical outcomes [24, 42].
Eligibility criteria for both the development and validation
cohorts were identical and designed to make the cohort
generalizable to outpatient orthopaedic rehabilitation pop-
ulations. Because these two cohorts had identical eligibility
criteria and both had baseline OSPRO-YF scores, we
developed a combined sample that included baseline data
from both cohorts as a comparison group for this study.

Description of Experiment, Treatment, or Surgery
Variables, Outcome Measures, Data Sources, and Bias

Demographic information (age, gender, self-reported race,
and employment status) and self-reported measures of pain
intensity, joint-specific disability, and general and pain-
related psychological distress were collected at baseline
Joint Health Program assessments [49, 50]. In the OSPRO

Fig 1. This diagram shows the number of patients who en-
tered the Joint Health Program and those that were excluded
due tomissing OSPROdata; OSPRO-YF =Optimal Screening for
Prediction of Referral and Outcome Yellow Flag Assessment
Tool.
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cohort, baseline demographic variables, pain intensity, and
psychological distress measures were available.

Pain Intensity

Pain intensity was assessed with a numerical rating scale
ranging from 0 (“no pain”) to 10 (“worst pain imaginable”)
[7, 12, 33]. Participants rated their current, best, and worst
pain intensity over the preceding 24 hours. The minimum
clinically important difference (MCID) for the numeric
rating scale is 2.0 points [67].

Joint-specific Disability

Joint-specific disability was assessed with the Hip
Osteoarthritis Outcome Scale Joint Reconstruction (HOOS
JR) or the Knee Osteoarthritis Outcome Scale Joint
Reconstruction (KOOS JR), depending on the involved
anatomic region. The HOOS JR was developed from the
original version of the HOOS survey [50]. The HOOS JR
contains six items evaluating hip pain and functioning over
the past week. The HOOS JR exhibits high internal con-
sistency (Pearson’s separation index = 0.86) and re-
sponsiveness in individuals with OA [50]. The KOOS JR
was developed from the original long version of the KOOS
survey [49]. The KOOS JR contains seven items from the
original KOOS survey evaluating knee stiffness, pain, and
functioning. In individuals with OA, the KOOS JR has ex-
cellent internal consistency (Pearson’s separation index =
0.84) and responsiveness for individuals undergoing TKA
[49]. HOOS JR and KOOS JR scales range from 0 to 100
where 0 represents total hip or knee disability and 100 rep-
resents perfect hip or knee health [49, 50]. MCID values are
18.0 for the HOOS JR, and 15.1 for the KOOS JR [29].

General and Pain-related Psychological Distress

The OSPRO-YF Assessment Tool is a multidimensional
screening tool for general and pain-related psychological
distress. Using patient responses to each item, it accurately
calculates estimates for what a patient would score on 11
full-length questionnaires measuring psychological con-
structs across three different domains. The three domains
along with their associated psychological constructs (in
parentheses) are: negative mood (depression [56], trait
anxiety [25], trait anger [11]), negative coping (fear-
avoidance for work [41], fear-avoidance for physical activ-
ity [41], pain catastrophizing [70], kinesiophobia [40], and
pain anxiety [53]), and positive affect and coping (pain self-
efficacy [58], self-efficacy for rehabilitation [77], and pain
acceptance [52]) (Table 1) [24, 42]. The OSPRO-YF then

uses those score estimates to identify the presence of a yel-
low flag for each of the 11 constructs. A yellow flag is a
psychosocial prognostic factor for the development of dis-
ability after the onset of musculoskeletal pain [59]. The
presence of a yellow flag is based on meeting a score
threshold for each of the full-length questionnaire score es-
timates [42]. Score thresholds were established based on the
sample distribution of full-length questionnaire scores in the
previously described OSPRO development cohort [42].
Score estimates for negative mood and negative coping
questionnaires within the top quartile of OSPRO de-
velopment cohort scores indicate a yellow flag, whereas
score estimates for positive affect and coping questionnaires
that fall into the bottom quartile (suggesting higher psy-
chological distress) indicate a yellow flag. For instance, if
the quartile threshold for the Tampa Scale of Kinesiophobia
(a negative coping questionnaire) is 30, then patients with a
score estimate greater than 30 on the Tampa Scale of
Kinesiophobia would have a yellow flag for kinesiophobia.
This process results in 0 to 11 possible yellow flags. There
are different versions of the tool, with the 10-item version
representing the ideal combination of high accuracy and low
response burden. The 10-itemOSPRO-YF version was used
for all analyses and has good internal validity, reliability, and
predictive validity for persistent pain, disability, quality of
life, and healthcare use [5, 24, 42, 43].

Using OSPRO-YF responses at the initial evaluation, we
calculated 11 full-length psychological questionnaire score
estimates and the presence or absence of a yellow flag based
on each of the 11 score estimates. We developed a composite
pain rating by creating a mean of three pain-intensity
ratings—current, best, and worst—for the preceding 24-
hour period. This approach was selected because a mean pain
rating provides better reliability and validity than single pain
ratings do [31–34], and we have used this approach in several
clinical pain research studies [5, 6, 23, 24].

Statistical Analysis, Study Size

To be eligible for inclusion in the OA cohort analytic
sample, patients must have fully completed the OSPRO-
YF at initial evaluation. This criterion was necessary since
OSPRO scores were required for the phenotype analysis.
We did not exclude patients for missing pain intensity or
disability scores. To address our first question, we com-
pared OSPRO-YF full-length questionnaire score estimate
means and 95% confidence intervals between the OA co-
hort and the OSPRO cohort. As a sensitivity analysis to
account for age-related differences between the cohorts, we
developed a subset of the OSPRO cohort older than 50
years (n = 360) to provide a comparison group with a
similar age distribution as the Joint Health Program cohort.
AlthoughMCIDs are a preferred metric for interpreting the
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Table 1. Psychological domains and constructs evaluated by the OSPRO yellow flag assessment tool

Domain Construct Description

Negative mood Depression A mood disorder that causes severe
symptoms that affect how you feel,
think, and handle daily activities, such
as sleeping, eating, or working
depression causes feelings of sadness
and/or a loss of interest in activities
once enjoyed [3].

Trait anxiety The stable tendency to attend to,
experience, and report negative
emotions such as fears, worries, and
anxiety across many situations [27].

Trait anger A dispositional characteristic where
one experiences frequent anger, with
varying intensity (mild irritability,
intense rage), and is often
accompanied by related negative
emotions such as envy, resentment,
hate, and disgust [13].

Negative coping Fear-avoidance beliefs for physical
activity and work

Fear that emerges when stimuli that
are related to pain are perceived as a
main threat, resulting in
psychophysiological (heightened
muscle reactivity), behavioral (escape
and avoidance behavior), and/or
cognitive (catastrophizing thoughts)
responses. This includes fear
avoidance related to general physical
activity and fear avoidance related to
work-related activities [43].

Pain catastrophizing An exaggerated negative orienta-tion
toward actual or anticipated pain
experiences and catastrophic
cognitions due tomusculoskeletal pain
[71].

Kinesiophobia An excessive, irrational, and
debilitating fear of physical movement
and activity resulting from a feeling of
vulnerability due to painful injury or re-
injury [42].

Pain anxiety The degree of pain-related anxi-ety
and fear for individuals with pain
conditions [55].

Positive affect and coping Pain self-efficacy One’s confidence regarding the ability
to function effectively while in pain
[59].

Self-efficacy for rehabilitation The degree of confidence associated
with performing various tasks during
rehabilitation [77].

Chronic pain acceptance A willingness to experience continuing
pain without needing to reduce, avoid,
or otherwise change it [54].

OSPRO = Optimal Screening for Prediction of Referral and Outcomes.
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magnitude of differences between groups [46], MCIDs for
OA populations do not exist for many of the full-length
psychological questionnaires estimated by the OSPRO-
YF. In the absence of MCIDs, we used Cohen’s d, which
standardizes mean differences so they can be easily com-
pared across different questionnaires. In the social sci-
ences, Cohen’s d values have been described as large (0.8),
medium (0.5), and small (0.2) [13]. The larger the value the
potentially more clinically meaningful the difference may
be; however, interpretation is still highly context-
dependent. Context can come from understanding the
size of treatment effects, including a meta-analysis of
randomized controlled trials of psychological interventions
for arthritis which reported pooled effect sizes for psy-
chological status (0.15), coping (0.46), and self efficacy
(0.35) [3]. A recent randomized trial testing a positive
psychological intervention for OA reported an effect size of
d = 0.50 for negative affect outcomes [27]. These effects
provide context around what size differences might be
considered meaningful.

To address our second question, we used a latent class
analysis to derive psychological distress phenotypes in the
OA cohort based on the presence or absence of 11 yellow
flag indicators. Psychological distress phenotypes are
characterized by specific mood, belief, and behavioral
factors that differentiate subgroups within a population.
Phenotyping can help providers develop scalable treatment
pathways that are better tailored to the common needs of
patients. Latent class analysis is a probability clustering
technique that identifies unobserved latent classes defined
by the distribution of binary indicators; in this case, the
presence or absence of 11 different yellow flags [76]. To
allow for proper model identification, sparsely distributed
indicators were excluded if present in less than 5% of the
analytic sample to ensure that a sufficient number of re-
spondents with each psychological characteristic were in-
cluded [13, 75].

To select the best class size, model fit was first assessed
for different numbers of classes using the model-fit likeli-
hood ratio chi-square statistic (L2), which is a measure of
how similar model-based frequencies are to observed fre-
quencies [75]. The associated p value formally assesses the
model’s fit, with p < 0.05 indicating poor fit. Additional
measures of model parsimony include the Bayesian in-
formation criterion and Akaike information criterion,
based on the L2, with lower values indicating better models
[75]. Additional criteria used to determine the optimal class
solution were the proportion of classification errors, class
size (more than 5% of the sample), and interpretability of
classes (clinical relevance of psychological characteristic
combinations), particularly when other criteria did not
produce a clearly superior model [15, 21, 30, 54]. We
accounted for pairwise associations among variables (local
dependence) by modeling the direct effect pf parameters

associated with large bivariate residuals (that is, more than
1) in the model [76]. After selecting a best-fit latent class
model, we assigned participants to the groups based on the
highest posterior probability estimates. Age, gender, BMI,
involved joint, baseline pain intensity, and baseline KOOS
JR or HOOS JR scores were compared across the different
psychological characteristic phenotypes.

Missing data within the OA cohort included BMI (n = 10),
pain intensity (n = 12), HOOS JR (n = 11) andKOOS JR (n =
62). The OA cohort was older than the OSPRO cohort (61.4
6 11.0 versus 44.9 6 15.7, respectively, p < 0.001) but not
different in age than the OSPRO cohort subset older than 50
years (61.46 11.0 versus 60.56 6.0, p = 0.14) (Table 2). All
analyses were conducted using SAS version 9.4 (SAS
Institute Inc, Cary, NC, USA), except for the latent class
analysis, which was conducted with Latent Gold software
version 5.1 (Statistical Innovations, Belmont, MA, USA).

Results

Across Which Psychological Distress Constructs do
Individuals Seeking Care for Hip or Knee OA Report
Higher Scores than the General Population of
Individuals Seeking Care for Musculoskeletal
Pain Conditions?

The OA cohort demonstrated higher levels of psycholog-
ical distress than did the OSPRO group of patients with
general musculoskeletal pain conditions and across all
questionnaire score estimates except for the State-Trait
Anxiety Inventory (STAI) (trait anxiety), which was lower
among the OA cohort (Table 3). Effect sizes were generally
small or medium. Characteristics with the largest effect
sizes in the OA and overall OSPRO cohorts were (Cohen’s
d) general anxiety (-0.66; lower in the OA cohort than in
the OSPRO cohort), pain catastrophizing (0.47), kinesi-
ophobia (0.46), pain self-efficacy (-0.46; lower in the OA
cohort than in the OSPRO cohort), and self-efficacy for
rehabilitation (-0.44; lower in the OA cohort than in the
OSPRO cohort). Although most group differences were
small, some of the larger effect sizes corresponded with
group differences that are similar to MCIDs reported for
these questionnaires in other populations [26, 60, 61].
Mean questionnaire score estimates were not different
between the overall OSPRO cohort and the older OSPRO
cohort subset for any estimate; therefore, we do not report
separate results for the sensitivity analysis using the older
OSPRO subset. Across all psychological questionnaires,
the OA cohort had a higher proportion of patients with a
yellow flag compared to the OSPRO cohort (Fig. 2). We
also observed a higher prevalence of yellow flags among
the JHP cohort (median six flags) compared to the OSPRO
cohort (median three flags) (Fig. 3).
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Common Psychological Phenotypes Among Care-
seeking Individuals with Hip or Knee OA

After consideringmultiple indices for fit and performance, we
found that the latent class analysis resulted in four phenotypes
(Table 4). The classification error rate was near zero (0.015),

and the median of posterior probabilities used to assign sub-
group membership was 0.99 (interquartile range 0.98 to
1.00), both indicating excellent model performance (see
Supplemental Table 1; http://links.lww.com/CORR/A440).
We characterized phenotypes based on their predominant
psychological profile (percentage of the sample): high distress

Table 3. Mean psychological questionnaire score estimates from the OSPRO-YF for each cohort

Questionnaire
JHP (n = 1239) OSPRO (n = 831)

Mean difference (95% CI) p value Effect size (Cohen’s d)Mean 6 SD Mean 6 SD

PHQ-9 (0-27)a 7 6 5 6 6 4 0.9 (0.5 to 1.2) < 0.001 0.20

STAI (20-80) 38 6 8 43 6 6 -4.6 (-5.2 to -4.0) < 0.001 -0.66

STAXI (10-40) 16 6 3 15 6 4 0.5 (0.1 to 0.8) 0.006 0.13

FABQ-PA (0-24) 16 6 4 14 6 6 1.8 (1.3 to 2.2) < 0.001 0.35

FABQ-W (0-42) 14 6 10 11 6 10 3.3 (2.4 to 4.1) < 0.001 0.34

PCS (0-52) 19 6 10 14 6 10 4.5 (3.7 to 5.3) < 0.001 0.47

TSK-11 (11-44) 25 6 5 23 6 5 2.5 (2.0 to 2.9) < 0.001 0.46

PASS (0-100) 34 6 14 29 6 16 4.3 (3.1 to 5.6) < 0.001 0.30

PSEQ (0-60) 35 6 10 40 6 11 -4.7 (-5.6 to -3.8) < 0.001 -0.46

SER (0-120) 93 6 17 101 6 16 -7.3 (-8.8 to -5.9) < 0.001 -0.44

CPAQ (0-120) 62 6 14 66 6 12 -4.1 (-5.2 to -2.9) < 0.001 -0.30

aInformation in the column is questionnaire name (range of potential scores). Cohen’s d effect sizes were calculated to determine
the magnitude of differences between the groups, with d = 0.20, 0.50, and 0.80 indicating small, medium, and large effect sizes,
respectively. Effect size is the difference between the two sample means divided by the pooled SD, with positive values indicating
higher average scores in the JHP cohort; OSPRO = Optimal Screening for Prediction of Referral and Outcome; JHP = Joint Health
Program; PHQ-9 = Patient Health Questionnaire-9; STAI = State-Trait Anxiety Inventory; STAXI = State-Trait Anger Expression
Inventory; FABQ-PA = Fear-Avoidance Beliefs Questionnaire physical activity subscale; FABQ-W = Fear-Avoidance Beliefs
Questionnaire work subscale; PCS = Pain Catastrophizing Scale; TSK-11 = Tampa Scale of Kinesiophobia; PASS-20 = Pain Anxiety
Symptoms Scale; PSEQ = Pain Self-Efficacy Questionnaire; SER = Self-Efficacy for Rehabilitation; CPAQ = Chronic Pain Acceptance
Questionnaire.

Table 2. Descriptive information for the JHP, OSPRO, and OSPRO older subset cohorts

Variable
JHP cohort
(n = 1239)

OSPRO cohort
(n = 871)

OSPRO subset (older than 50 years)
(n = 360)

Age in yearsa 61 6 11 45 6 16 61 6 6

Gender, % (n)b Women 73 (904) 62 (536) 65 (233)

Race, % (n)b White 66 (818) 76 (659) 80 (288)

Black 28 (352) 18 (154) 16 (58)

Other 6 (69) 7 (58) 4 (14)

Employment status, % (n)b Employed 47 (584) 64 (561) 51 (187)

Unemployed 15 (181) 19 (166) 15 (54)

Retired 37 (455) 14 (121) 31 (112)

Joint, % (n)b Knee OA 80 (993)

Hip OA 20 (246)

Knee pain 26 (228) 25 (89)

Low back pain 27 (237) 27 (98)

Shoulder pain 25 (215) 28 (99)

Neck pain 22 (191) 21 (74)

aData are presented as mean 6 SD
bData are percentage of sample (n); JHP = Joint Health Program; OSPRO = Optimal Screening for Prediction of Referral and
Outcome.
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(52%), low distress (26%), low self-efficacy and acceptance
(15%), and negative pain coping (7%). The high-distress
group had the lowest mean age (60.7 6 11.3 years) and
highest levels of pain intensity (6.0 6 2.3) and disability
(HOOS JR: 49.8 6 15.5; KOOS JR: 46.8 6 14.8), whereas
the low-distress group had the highest mean age (63.06 10.3
years) and lowest levels of pain (4.2 6 2.3) and disability
(HOOS JR: 63.26 14.6; KOOS JR: 60.06 12.3) (Table 5).
All differenceswere statistically significant (p < 0.01) but pain
intensity and disability differences did not meet established
anchor-based MCID [29, 67].

Discussion

General and pain-related psychological distress can
negatively influence disability, quality of life, and
treatment outcomes for individuals with OA. However,
uncertainty around the best psychological screening and
assessment methods, a poor understanding of the het-
erogeneity of psychological distress in those with OA,
and lack of guidance on how to scale treatment have
limited the growth of OA care models that effectively
address individual psychological needs. This study

aimed to better understand the unique presentation of
psychological distress among individuals with hip or
knee OA in an effort to inform treatment in compre-
hensive OA management programs. We found that dis-
tress levels were higher across almost all psychological
constructs in those with OA than in the general cohort of
healthcare-seeking individuals in this study. Moreover,
approximately 75% of the OA cohort demonstrated a
profile characterized by evidence of yellow flags in one
or more of the negative mood, negative coping, and
positive affect domains, with over half characterized by
multiple yellow flags across all domains. These findings
highlight a potential discrepancy between the high
prevalence of pain-related psychological distress among
individuals with OA and the generally low prevalence of
OA care models directly structured to address these
characteristics. Predominant OA care models focus on
biomedical interventions, which could be inadequate to
fully meet the needs of many adults seeking non-
operative OA care. Although speculative, this potential
discrepancy between patient characteristics and care
delivery could partially explain high rates of opioid use,
persistent disability, and failed surgical interventions in
this population [57, 64, 65].

Fig. 2 This graph shows the proportion of OSPRO and Joint Health Program cohort samples
with a yellow flag for each psychological questionnaire score estimate. A yellow flag is a
psychological questionnaire score estimate in the top quartile for negative mood and
negative coping domain questionnaires, and in the bottom quartile for positive affect and
coping questionnaires. Quartile thresholds were set based on questionnaire scores originally
collected in the OSPRO development cohort. PHQ-9 = Patient Health Questionnaire-9; STAI =
State-Trait Anxiety Inventory; STAXI = State-Trait Anger Expression Inventory; FABQ-PA =
Fear-Avoidance Beliefs Questionnaire physical activity subscale; FABQ-W = Fear-Avoidance
Beliefs Questionnaire work subscale; PCS = Pain Catastrophizing Scale; TSK-11 = Tampa Scale
of Kinesiophobia; PASS-20 = Pain Anxiety Symptoms Scale; PSEQ = Pain Self-Efficacy
Questionnaire; SER = Self-Efficacy for Rehabilitation; CPAQ = Chronic Pain Acceptance
Questionnaire; OSPRO-YF = Optimal Screening for Prediction of Referral and Outcome
Yellow Flag Assessment Tool; JHP = Joint Health Program.
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Limitations

This study had a number of limitations. First, these data are
cross-sectional and therefore we are unable to comment on

the response to treatment or prognosis for individuals with
these phenotypes. Future work is needed to better un-
derstand the extent to which phenotype membership ac-
counts for variation in pain intensity and joint-specific

Fig. 3 This graph shows the distribution of total yellow flags in the OSPRO and Joint Health
Program cohorts. A yellow flag is a psychological questionnaire score estimate in the top quartile
for negative mood and negative coping domain questionnaires, and in the bottom quartile for
positive affect and coping questionnaires. Quartile thresholds were set based on questionnaire
scores originally collected in the OSPROdevelopment cohort. OSPRO-YF = Optimal Screening for
Prediction of Referral and Outcome Yellow Flag Assessment Tool; JHP = Joint Health Program.

Table 4. Probability of reporting a yellow flag on OSPRO-YF full-length questionnaires for each phenotype identified by latent class
analysisa

Questionnaire
High distress

(n = 646; 52%)b
Low distress
(n = 322; 26%)

Low self-efficacy and
acceptance (n = 187; 15%)

Negative pain coping
(n = 84; 7%)

PHQ-9c 59% 17% 37% 30%

STAI 69% 15% 28% 36%

STAXI 50% 20% 22% 31%

FABQ-PA 65% 24% 46% 33%

FABQ-W 67% 15% 33% 36%

PCS 89% 9% 4% 81%

TSK-11 97% 13% 26% 82%

PASS 98% 0% 8% 96%

PSEQ 100% 0% 100% 2%

SER 82% 22% 86% 9%

CPAQ 97% 6% 92% 18%

aA yellow flag is a psychological questionnaire score estimate in the top quartile for negative mood and negative coping domain
questionnaires, and in the bottom quartile for positive affect and coping questionnaires. Quartile thresholds were set based on
questionnaire scores originally collected in the OSPRO development cohort.
bValues are sample size; percentage of overall population.
cFor each questionnaire in this column, percentages in the table represent the probability of reporting a yellow flag on that
questionnaire for each phenotype identified by latent class analysis; OSPRO = Optimal Screening for Prediction of Referral and
Outcome; PHQ-9= PatientHealthQuestionnaire-9; STAI = State-Trait Anxiety Inventory; STAXI = State-Trait Anger Expression Inventory;
FABQ-PA = Fear-Avoidance Beliefs Questionnaire physical activity subscale; FABQ-W, Fear-Avoidance Beliefs Questionnaire work
subscale; PCS = Pain Catastrophizing Scale; TSK-11 = Tampa Scale of Kinesiophobia; PASS = Pain Anxiety Symptoms Scale; PSEQ = Pain
Self-Efficacy Questionnaire; SER = Self-Efficacy for Rehabilitation; CPAQ = Chronic Pain Acceptance Questionnaire.

2776 Lentz et al. Clinical Orthopaedics and Related Research®

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



disability scores, especially in longitudinal studies that
explore whether phenotype membership can predict clini-
cal outcomes of nonoperative care. Future work should
also determine the potential for these phenotypes to aid in
risk adjustment. Second, there was a potential selection
bias from the referring provider and the participating pa-
tient. Patients in the Joint Health Program cohort are
commonly referred to the program by an arthritis care
provider (such as a physician) and likely do not represent
the broader population of individuals with symptomatic
OA. The structure of the Joint Health Program may not
appeal to some patients, and they may choose to not enter
the program. The Joint Health Program cohort comprised
individuals with a wide range of goals including pre-
operative rehabilitation and risk mitigation, avoiding or
prolonging time to surgery, and postoperative manage-
ment. Over the last 12 months, we have begun to track the
proportion of patients referred into the program that do not
initiate care and that proportion is approximately 49%. We
do not have specific attendance rates from the study time-
frame and are unable to assess psychological differences
between those referred who attended and those who did
not. Readers should understand this could bias the sample.
The potential impact of these biases is that our results may
not apply to the broader population of individuals with hip
or knee OA, including those who opt for surgery instead of
nonsurgical care. There is some evidence that those who
opt for surgery may have a worse psychological profile
[78]; however, that is not something we were able to
evaluate in this cohort. Although this cohort may not rep-
resent all individuals with OA, it likely does represent most
healthcare-seeking individuals who are appropriate for and
will engage in a comprehensive care program. Informing
the treatment pathways of these programs is a primary goal
of this study.

A third limitation is that we combined patients with hip
and knee OA in the analytic cohort.We did this because the
hip OA cohort alone would not meet minimum sample size
requirements for latent class analysis [17]. The drawback
of this approach is that we cannot determine whether there
were psychological profiles specific to hip OA or knee OA.
Although this is a limitation, it also should be noted that
based on prior evidence and examples from other patient
populations (such as those with low-back pain) we did not
hypothesize there to be separate phenotypes for hip and
knee OA [38, 45]. Future work in larger samples should
confirm whether phenotypes need to be tailored for specific
anatomical regions. A fourth limitation is that we did not
have access to measures of pathophysiology (like
Kellgren-Lawrence classifications or ROM). These mea-
sures could help readers better understand the extent to
which pathophysiological features are associated with in-
dividual phenotypes. Although our intention was to derive
phenotypes solely based on psychological measures, a
more comprehensive approach to phenotyping that in-
cludes pathophysiological features could enhance the tai-
loring of treatment pathways for OA. Finally, we used a
generalizable comparison sample from a nationwide cohort
with musculoskeletal pain to contextualize the psycho-
logical distress questionnaire score estimates seen in the
OA cohort. Both cohorts are comprised of patients that
have been evaluated by a physician and referred to a
physical therapist for a musculoskeletal condition. Those
referred to the Joint Health Program at our institution
would generally be referred to a physical therapist in most
other health care systems. Therefore, both cohorts repre-
sent patients at the point of initiating conservative care for
their musculoskeletal condition. However, we acknowl-
edge that this cohort may not represent all patients seeking
care for musculoskeletal pain. Nevertheless, because there

Table 5. Demographic and health-related information for each phenotype

Factor
High distress
(n = 646)

Low distress
(n = 322)

Low self-efficacy and acceptance
(n = 187)

Negative pain coping
(n = 84)

BMI in kg/m2a 36 6 9 32 6 7 35 6 8 34 6 8

Age in yearsa 61 6 11 63 6 10 61 6 11 62 6 11

HOOS JRa 50 6 15 63 6 15 60 6 10 59 6 11

KOOS JRa 47 6 15 60 6 12 54 6 14 52 6 13

Pain intensitya 6.0 6 2.3 4.2 6 2.3 4.7 6 2.4 5.5 6 2.4

Categorical variables

Gender, % (n)

Women 72 (468) 72 (232) 75 (141) 75 (63)

Joint, % (n)

Knee 78 (504) 83 (266) 84 (157) 79 (66)

Hip 22 (142) 17 (56) 16 (30) 21 (18)

aData are presented as mean 6 SD; HOOS JR = Hip Osteoarthritis Outcome Scale Joint Reconstruction; KOOS JR = Knee
Osteoarthritis Outcome Scale Joint Reconstruction.
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are no known Joint Health Program equivalents for a
general population of patients with musculoskeletal pain,
we believe the OSPRO cohort provides a suitable pop-
ulation comparison.

Across Which Psychological Distress Constructs do
Individuals Seeking Care for Hip or Knee OA Report
Higher Scores than the General Population of
Individuals Seeking Care for Musculoskeletal
Pain Conditions?

A key finding was that high levels of distress across
multiple psychological constructs (such as yellow flags)
were more prevalent in patients with hip or knee OA
compared with a more general care-seeking sample of
individuals with musculoskeletal pain conditions. This is
an interesting finding because the patients with hip or
knee OA intentionally opted for conservative treatment
and may be expected to have lower psychological distress
than observed in this cohort. Common, biomedically-
focused pain treatments may be appropriate for most pa-
tients in the general musculoskeletal care-seeking pop-
ulation where the prevalence of psychological distress is
relatively low, such as in theOSPRO cohort. But our
findings suggest these treatments may be inadequate for a
larger proportion of patients seeking conservative care for
hip or knee OA due to the higher prevalence of psycho-
logical distress in this population and its known influence
on pain and disability. Despite strong evidence supporting
the impact of psychological distress on clinical outcomes
for patients with hip or knee OA [22, 35, 38, 68], few prior
studies have examined the prevalence of psychological
distress in these patients compared with other pop-
ulations. One study examined the relationship between
OA and mental health and found that patients with OA
reported higher rates of perceived stress and depression
than did their non-OA counterparts [35]. A study by
Gandhi et al. [22] of patients with hip or knee OA un-
dergoing total joint arthroplasty found that with each
additional symptomatic joint, the odds of self-reporting
depression increased by 19%, and patients with six or
more painful joints had a 150% (or greater) rate of de-
pression than patients with symptoms in only the surgical
joint. Ackerman et al. [1] studied young people with hip
and knee OA and found they have elevated levels of
psychological distress compared with the general pop-
ulation. These findings are consistent with the results of
our study, which identified higher levels of psychological
distress across all measured psychological characteristics
(except anxiety) in the OA cohort than in the OSPRO
cohort. A systematic review found high levels of anxiety
among individuals with OA, but studies included in the
review made this determination based on the use of

established screening measures and did not directly
compare these patients’ anxiety levels to those of the
general population [68].

Prior studies have established a link betweenOAand pain-
related psychological distress [22, 35, 38, 68], but our study
better characterizes the extent of psychological distress
among a health care seeking population. The high prevalence
of psychological distress, across 11 different measures, may
not be surprising if one considers that OA can also be a
chronic pain condition [37, 72], especially for individuals
who seek care. Pain is a primary reason individuals with OA
seek care, and OA is often comorbid with other chronic pain
conditions (such as low-back pain) [66, 71]. Furthermore,
OA-related pain is likely multifactorial, associated with cen-
tral neurological changes in pain processing as well as psy-
chological and cognitive factors [37]. Although not directly
assessed in this analysis, we suspect that psychological dis-
tress scores and yellow flag distributions in the OA cohort
would be similar to other chronic pain cohorts, instead of the
comparision cohort we used in this analysis.

Given these findings, we strongly advocate for routine
assessment of psychological distress in patients with OA.
Mood disorders such as depression and anxiety are familiar
to many clinicians as distinct medical diagnoses and,
therefore, may be screened for more commonly in clinical
practice. However, our data suggest that less-familiar or
often overlooked pain-specific constructs such as cata-
strophizing, self-efficacy, and acceptance should also be
assessed. Comprehensive, multidimensional screening
tools such as the OSPRO-YF may be used to identify the
myriad psychological characteristics that could influence
treatment outcomes but are not routinely assessed nor easy
to identify through patient interactions alone in a typical
clinical visit (such as patients with poor scores for self-
efficacy). Results of these brief psychological assessments
would help clinicians classify patients into psychological
phenotypes like those derived in this study, which is cur-
rently not standard practice. As further described below,
clinicians would use a patient’s phenotype to match them
to a treatment pathway that offers services addressing their
specific psychological and behavioral needs.

Common Psychological Phenotypes Among Care-
seeking Individuals with Hip or Knee OA

Our study identified four psychological phenotypes among
individuals with hip or knee OA: high overall distress, low
overall distress, low self-efficacy and acceptance, and
negative pain coping. These phenotypes are helpful to
clinicians because they provide opportunities to classify an
otherwise heterogenous group of patients into more defined
groups with similar psychological traits. The benefit of this
classification is clinicians could develop “personalized”
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Table 6. Comparison of methodology and results to other OA phenotyping studies

Study Target population

Criteria used to
develop

phenotypes

Psychological
characteristics

assessed

Analytical method
used to determine

phenotypes
Phenotypes
developed

Cardoso
et al. [10]

Individuals with
mild-to-moderate
knee OA pain

QST, psychological
characteristics

Coping, pain
catastrophizing, pain

vigilance, self-
reported pain and

function

Hierarchical cluster
analysis

1. Low pressure pain
sensitivity

2. Average pain
sensitivity

3. High temporal
summation of
punctate pain

4. High cold pain
sensitivity

5. High heat pain
sensitivity

Cruz-Almeida
et al. [14]

Adults with knee
OA recruited for a
study of racial

differences in knee
OA pain

QST, psychological
characteristics

Depression, coping,
pain vigilance,

optimism, positive/
negative affect, anger,
self-reported pain and

function

Hierarchical cluster
analysis

1. High optimism, low
negative affect

2. Low positive affect

3. Low optimism

4. Somatic sensitivity/
pain hypervigilance

Egsgaard
et al. [18]

Adult patients with
knee pain

QST, psychological
characteristics

Self-reported pain and
function, pain
catastrophizing

Hierarchical cluster
analysis

1. Low pain sensitivity

2. Early phase
sensitization

3. Presence of pain
sensitization

4. Presence of pain
sensitization and
catastrophizing

Kittleson
et al. [38]

Adults with knee
OA from the OAI

Knee OA
pathology,

psychological
distress, joint
sensitivity, CCI,
muscle strength

Coping, pain
catastrophizing, self-
reported pain and

function

LCA 1. High CCI scores

2. High knee joint
sensitivity

3. High psychological
distress

4. Less radiographic
OA, lower

psychological distress,
greater strength, less

pain sensitivity

Knoop
et al. [39]

Adults with knee
OA from the OAI

Severity of
radiographic OA,
lower limb muscle
strength, body
mass index,
psychological
characteristics

Depression K-means cluster
analysis

1. Minimal joint
disease

2. Strong muscle

3. Nonobese and weak
muscle

4. Obese and weak
muscle

5. Depressive
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treatment pathways that address the specific psychological
and behavioral needs of each phenotype, and deploy those
pathways at scale, since each phenotype is represented by a
sizeable propotion of patients. Numerous studies have
analyzed the characteristics of patients with knee and/or hip
OA to develop common phenotypes using a variety of
methods including latent class analysis, cluster analysis,
and a priori hypotheses [10, 14, 16, 18, 38, 39, 55]. The
number of phenotypes developed in other studies ranged
from two to six, with most studies identifying four or five
distinct phenotypes, a result consistent with our study
(Table 6). In a study perhaps most similar to ours, Cruz-
Almeida et al. [14] used psychological and pain processing
characteristics to derive phenotypes by a cluster analysis.
Although our study used a different methodology, its
findings align those of Cruz-Almeida et al. [14] on the
number and general composition of phenotypes. Our study
builds on the work of Cruz-Almeida et al. [14] and others
[10, 18, 38, 39, 55] by focusing on a clinical sample and
considering a broader range of psychological distress
characteristics, many of which aremodifiable and treatable.
The phenotype with high yellow flag probabilities across
all psychological constructs comprised 52% of the sample,
in contrast with prior studies suggesting that a phenotype
predominantly defined by psychological distress would
comprise between 9% and 35% of the study sample [14, 38,
39]. This discrepancy could be explained by multiple fac-
tors, including different methods for evaluating psycho-
logical distress, different phenotyping variables including a
smaller number of distress characteristics, and different
populations (such as laboratory versus healthcare-seeking
samples). Identifying effective management strategies is a
priority for this high-distress group because they have high
levels of pain and disability and are likely to have high and

persistent healthcare costs [44]. Perhaps most noteworthy
is the relatively young average age of individuals with this
phenotype. Experiencing symptoms of OA, a condition
often associated with aging, could be particularly dis-
tressing for younger individuals. Those who are diagnosed
with OA at a younger age may generally have a longer
timeline before surgical intervention, making comprehen-
sive OA management for this phenotype especially im-
portant. Individuals with this high-distress phenotype may
benefit the most from multidisciplinary OA management
models focused on early and comprehensive management
to improve negative mood, negative coping, and positive
affect. Given the strong potential for psychological char-
acteristics to mediate pain and disability related to OA [69],
interventions focused on the biomedical aspects of the
condition, such as medication, injection, or surgery, could
be less effective among those with this phenotype.

A final note of caution is that categorization by psy-
chological and mental health characteristics can reinforce
stigma and shame among patients [20]. Categorization can
also send clinicians the false message that psychological,
emotional, or cognitive aspects of health can be ignored if
patients do not meet categorization thresholds. Use of non-
stigmatizing language and inquiring about a patient’s
overall psychological and emotional well-being during
patient assessment are twomethods of ensuring the success
of a psychologically-based approach to evaluation and
treatment [20, 36].

Conclusions

Individuals with knee and hip OA scored higher in multiple
general and pain-associated psychological distress domains

Table 6. continued

Study Target population

Criteria used to
develop

phenotypes

Psychological
characteristics

assessed

Analytical method
used to determine

phenotypes
Phenotypes
developed

Murphy
et al. [55]

Adults with
symptomatic knee
and/or hip OA

Physical function,
psychological
characteristics,
illness burden

Self-reported pain and
physical function,
depression, fatigue,

sleep quality

Hierarchical cluster
analysis

1. High depression,
pain, fatigue, illness

burden, sleep
problems

2. Intermediate
depression, moderate
fatigue and illness

burden, low pain and
sleep problems

3. High sleep
problems, low pain,

fatigue, illness burden,
depression

OA = osteoarthritis; OAI = Osteoarthritis Initiative; LCA = latent class analysis; QST = quantitative sensory testing; CCI = Charlson
comorbidity index.
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than did a general cohort of individuals with musculoskeletal
pain conditions, suggesting healthcare delivery and resource
distribution designed for general populations with musculo-
skeletal pain may need reconfiguring to adequately address
the psychological and behavioral needs of many people with
OA. Many of the common psychological characteristics
identified in this study are familiar treatment targets in other
chronic pain conditions. Stratified care models, such as those
used to guide tailored treatment of low back pain, are
expanding to other musculoskeletal conditions and may be
well-suited for delivering care tailored to the four specific OA
phenotypes identified in this analysis [2, 28, 63]. For instance,
psychological interventions may be unnecessary and poten-
tially wasteful for the approximately 25% of individuals
with a low psychological distress profile. Conversely, in-
tegration of psychologically informed treatment into existing
OA pathways may benefit the nearly 75% of healthcare-
seeking individuals with OA who fit a phenotype character-
ized by some level of psychological distress. Importantly, the
development of these pathways would be tailored to pheno-
type. For instance, coordinated multidisciplinary psycholog-
ical and behavioral healthcare may be necessary for those
with high-distress phenotypes. For those with poor coping or
low self-efficacy phenotypes, treatment may consist of strat-
egies to enhance mindfulness, positive thinking, and the
ability to better cope with and independently manage pain [9,
19]. Future work should focus on designing, implementing,
and testing scalable, stratified hip and knee OA care models
that deliver high-quality healthcare at low costs for individ-
uals with OA.
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