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R E V I EW

Telemedicine in Adult Rheumatology: In Practice and
in Training

Megan M. Lockwood,1 Rachel S. Wallwork,2 Kaitlin Lima,3 Anisha B. Dua,3 Philip Seo,2 and Marcy B. Bolster1

Many rheumatology providers, including fellows-in-training, responded to the immediate need for maintaining
patient access to care via telerheumatology during the COVID-19 pandemic. The rapidity of this transition did
not permit an intentional approach to integrating fellow education and training into virtual patient care. Virtual
patient care has since become an integrated, and perhaps, an embedded part of rheumatology practice that will
likely endure beyond the COVID-19 pandemic. Thus, the development of best practices in telerheumatology,
including those for fellow education and training as these new entrants prepare to enter our workforce, will benefit
the entire specialty. In this work, we seek to describe current models for training learners in virtual patient care,
characterize existing barriers to virtual care models, and offer strategies to integrate telerheumatology into curric-
ulum development and training.

Introduction

Telemedicine has been defined as “the use of medical

information that is exchanged from one site to another

through electronic communication to improve a patient’s

health” (1). There are several interactions to consider within

telemedicine, including clinician-to-clinician, clinician-to-

patient, and patient-to-mobile health technology, each of

which can provide synchronous or asynchronous care. Tradi-

tionally, rheumatologists have used telemedicine to provide

care for patients with limited access to subspecialists, a care

gap accentuated by the geographic maldistribution of rheu-

matologists in the US (2), particularly in rural and underserved

communities. Due to the COVID-19 pandemic, patients’

access to health care changed substantially. Rheumatolo-

gists have been forced to rapidly adopt and adapt their prac-

tices to telemedicine. Limited clinic capacity, high-risk patient

populations, and redeployment of rheumatologists to other

responsibilities have dramatically reduced access to care

even in urban areas served by large academic centers. Pro-

viders and hospital systems have had to rely heavily on tele-

medicine to sustain patient care while protecting patients,

providers, and staff from viral transmission.

Many rheumatology providers, including fellows-in-training,
responded to the immediate need for maintaining patient access
to care via telerheumatology during the COVID-19 pandemic.
The rapid transition did not permit an intentional approach to inte-
grating fellow training into virtual clinical practice. As the pandemic
continues, virtual visits continue to be an ongoing part of rheuma-
tology patient care, and the incorporation of telerheumatology
into clinical practice will likely endure beyond the COVID-19 pan-
demic. We recognize the importance of integrating telemedicine
into the training space to enhance the preparation of fellows-in-
training entering clinical practice. The development of best prac-
tices in telerheumatology, specifically in training, will benefit the
entire specialty of rheumatology. The thoughtful and intentional
integration of education, assessment, development, and determi-
nation of competency in the virtual rheumatology space will
enhance care, rather than merely replace in-person visits.
Fellows-in-training, as new entrants into practice, will bring knowl-
edge and skills in virtual care to those already in practice. The
goals of the present review are to provide background for current
barriers in telerheumatology and in existing virtual clinical models
within rheumatology, to examine current models for training
learners in virtual care delivery, and to offer strategies to incorpo-
rate telerheumatology into training and curriculum development.
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Barriers to Telerheumatology

Presently, research investigating the effectiveness of virtual
visits and identification of patients best suited for virtual visits is

lacking, yet telemedicine has rapidly progressed, creating a signifi-

cant gap between research and implementation (3,4). The largest
systematic review of telerheumatology to date identified only

20 published studies (3), with variable study design and outcomes,
leaving one unable to draw clear conclusions. We thus need more

rigorous studies comparing the diagnostic accuracy and health

outcomes between care delivered virtually versus in-person (5).
Telerheumatology is unlikely to optimize care for all patients.

The quality of care provided by telerheumatology is likely to depend
on the specific disease and level of disease activity. Studies

assessing what rheumatic diseases at which stage can be safely
managed virtually are critical. A previous randomized controlled trial

demonstrated that for patients with rheumatoid arthritis whose dis-

ease was in remission or who had low disease activity,
telerheumatology was noninferior compared to in-person visits for

maintaining remission (6). However, similar studies in patients with
systemic autoimmune diseases or vasculitis are lacking (3).

A survey of rheumatologists found that 19% of patients were
unsuitable for telemedicine due to diagnostic uncertainty or high

disease complexity (7). Patients must be appropriately triaged to
virtual or in-person visits to avoid delays in diagnostic evaluation

and treatment initiation (7). Alternatively, telemedicine visits may

serve as an in-depth triage to determine the need for an urgent
in-person evaluation. Fellows-in-training often become outpatient

providers for patients with high-acuity, complex medical prob-
lems from a hospital inpatient rheumatology consult service;

these patients in particular may have evolving disease pro-

cesses requiring in-person evaluation for close monitoring and
multidisciplinary management, and it may be inappropriate for

these patients to receive care via telerheumatology. Additional
robust studies are essential to guide appropriate patient selec-

tion for telerheumatology and to assist with establishing need

and intervals for in-person visits.
Prior to the COVID-19 pandemic, one of the greatest barriers

to telerheumatology was the lack of reimbursement. The US Cen-
ters for Medicare & Medicaid Services broadened its coverage of

telemedicine during the pandemic and increased reimbursement
rates to a similar level as those of in-person visits (8). Significant

uncertainty exists in regard to telemedicine reimbursement rates

after the COVID-19 pandemic, which will certainly impact the
potential for continued implementation and further expansion of

virtual care. The projected incorporation of telemedicine in patient
care may influence the emphasis placed on developing and

implementing telerheumatology in fellowship training.
Technology itself can create barriers to care. Currently, tele-

medicine visits are conducted using audiovisual or telephone
technology, each of which offers unique limitations to the medical
evaluation. A patient’s internet bandwidth may be insufficient for

the telehealth platform, leading to poor voice transmission or
blurry video quality. Moreover, telephone encounters, limited to a
patient’s report of symptoms and lacking a physical examination,
inherently restrict diagnostic abilities. Even with clear video quality,
the examination remains limited. Only some patients have home
equipment to collect vital signs, and even then, providers remain
unable to confirm the accuracy of data collected by patients.

Telemedicine is not immune to health care access disparities
and, in fact, may compound existing inequities. A study on cardi-
ology patients revealed that the rapid adoption of telemedicine
during the COVID-19 pandemic has excluded a greater propor-
tion of female, non–English-speaking, older, and economically
disadvantaged patients as these patients are less likely to com-
plete a virtual visit (9). If a patient overcomes such access ineq-
uities to attend a video visit, the setting in which patients situate
themselves can impact the evaluation. Patients may, for example,
opt to conduct a video visit in a setting such as a car to gain pri-
vacy, which may significantly limit the ability to perform a physical
examination. Additionally, patients may find it difficult to secure a
private space to discuss personal information, particularly in the
setting of sheltering-in-place, as many family members may share
the same household.

Existing Virtual Clinical Models Within
Rheumatology

Telerheumatology has expanded significantly during the
COVID-19 pandemic, largely without rheumatology prototypes,
for patients who previously had adequate access to care. There
are, however, existing and well-established models for
telerheumatology practice designed for remote and under-
served communities. One of the largest and well-developed
telerheumatology programs is based at the Alaska Native Medical
Center. In this program, rheumatologists connect virtually with
patients at 200 access locations staffed by community health aides
who are trained to perform specific medical tasks (10). Notably,
telerheumatology is generally exclusively used for follow-up visits
as community focus groups and providers believed initial in-person
visits were essential to allow providers to perform a physical exami-
nation and to establish the provider–patient relationship. It is impor-
tant to recognize that this model differs from the current pandemic
telemedicine model in which patients connect directly from home.
Providers in the pandemic landscape must work with the patient’s
available technology and lack the assistance of a trained presenter.
There are no data to compare the direct-to-patient telemedicine
model to a satellite site model with a trained presenter.

Similar to the Alaska Native Medical Center program,
rheumatologists at Dartmouth-Hitchcock Medical Center use
telerheumatology to reach patients in remote parts of New Hamp-
shire and Vermont. Patients travel to satellite clinics where a pre-
senter, either a nurse or medical assistant, facilitates the visit (7).
Clinicians connect to the visit from their offices with video software
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that meets compliance standards set by the US Health Insurance
Portability and Accountability Act (HIPAA) of 1996. Kulcsar and
colleagues demonstrated that patients who drove to the satellite
telerheumatology clinic saved an average 200 driving miles and
$66.90 in transportation costs per remote rheumatology clinic visit
(7). These findings are particularly notable as the study was con-
ducted in the Northeastern US, which has the greatest density of
rheumatologists of any region in the country (2,11). The time and
financial savings to patients are potentially even greater in under-
served regions (12). The cost savings for the health care system
is less clear. Economic evaluation requires analyzing the complex
interplay between direct cost savings, such as reduction in travel,
with overall costs, such as increased administrative overhead for
scheduling and telemedicine triage. Existing studies suggest that
telehealth does not always confer overall cost savings in the
short-to-medium term; however, data specific to the COVID-19
pandemic telehealth model are lacking (13).

During the pandemic, patients and providers are experienc-
ing firsthand the benefits of virtual care, including travel cost and
time savings, high patient satisfaction, and greater access to
specialists—particularly for those patients living in rural areas
(3,7,12,14,15). Telemedicine will likely continue to play a signifi-
cant role in patient care after the COVID-19 pandemic, and it is
therefore essential to train rheumatologists to use telemedicine
appropriately, effectively, and safely. Unfortunately, currently there
is a paucity of guidance and educational resources to train rheu-
matologists on the best practices or performance of physical
examinations in the virtual care setting.

Models for Training Learners in Telehealth

A telerheumatology curriculum does not exist for fellows-in-
training and has yet to be introduced into the American College
of Rheumatology Core Curriculum (16). Prior to the COVID-19
pandemic, of the 24 rheumatology fellows-in-training surveyed
within the Carolinas Fellows Collaborative (which includes Duke
University, University of North Carolina, Wake Forest School
of Medicine, and Medical University of South Carolina) and the
Massachusetts General Hospital fellowship training programs in
2019, none had been exposed to telemedicine training in medical
school, internal medicine residency training, or in their current fel-
lowship training programs (unpublished observations).

Despite the lack of a published telemedicine curriculum in
rheumatology, other specialties provide models from which we
may learn. Neurology, a specialty with strong reliance on the
physical examination, has published a telemedicine curriculum.
University of California, San Francisco piloted the first formalized,
outpatient teleneurology curriculum for third-year and fourth-year
neurology residents in 2016 (17). The curriculum involved formal
didactics and participation in synchronous provider–patient video
visits, as well as asynchronous provider-to-provider electronic
consultations and a pre-assessment and post-assessment.

The rotation began with residents observing experienced attend-
ing physicians performing video patient encounters, allowing res-
idents to become familiar with the technology, visit format, and
virtual examination. After residents conducted their own virtual
visit, they privately discussed the findings with the attending phy-
sician. The attending physician and resident then re-entered the
virtual visit, the attending physician would delineate nuances,
confirm salient portions of the history taking and physical exami-
nation, and generate a final plan. Although a small study, the
pre-assessment and post-assessment revealed that all residents
demonstrated significant improvement in telemedicine knowl-
edge, comfort with the virtual examination, and expressed a more
positive view of telemedicine following the rotation. Another study
demonstrated that as vascular neurology fellows-in-training
gained “telestroke” consultation experience, there was a de-
crease in page-to-thrombolytic time (18).

Incorporating trainee learning into virtual care delivery is
logistically feasible and educationally beneficial. In one dermatol-
ogy model, the resident and attending physician conduct the visit
together, with the resident leading the encounter, followed by
jointly discussing their findings with the patient (19). This practice
provides direct observation of the trainee, which is a powerful
training tool (20,21).

Many training programs rely simply on exposure to improve
virtual care skills; however, a formalized curriculum provides a
basis for acquisition of the knowledge, skills, and attitudes that
are requisite in achieving competency in this form of clinical care
delivery. With the implementation of a formal curriculum arises
the need for performance assessment. Teleneurology has devel-
oped a set of competencies and milestones (22), and these will
similarly be essential for other specialties. The Association of
American Medical Colleges (AAMC) has developed a set of tele-
health competencies that spans the professional development
spectrum from medical student to faculty member (23). The
adaptation of best practices from other specialties as well as the
development of competencies should drive curriculum design
and learning in rheumatology training programs (Table 1).

Strategies to Integrate Telerheumatology Into
Training

There are several facets specific to fellowship training that
should be considered in order to optimize telerheumatology care
delivery. We must recognize the learner’s experience when imple-
menting a telerheumatology curriculum. Trainees must have foun-
dational knowledge and skills in obtaining the appropriate
rheumatic disease history and performing the physical examina-
tion before applying these skills to a virtual encounter. It is difficult
for learners to appreciate important, nuanced physical examina-
tion findings entirely within the virtual learning space, such as sub-
tle synovitis or palpable purpura. The comprehensive physical
examination often includes subtleties that may be best
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appreciated only after significant experience and may be unachie-
vable through the virtual examination. It is critical that fellows-in-
training continue to have the opportunity to develop competence
and proficiency in the hands-on evaluation of patients. We cannot
expect our trainees to appreciate nuances within a virtual visit
before being able to recognize these subtleties in the traditional
bedside evaluation. In fact, the American Academy of Neurology
notes that comprehensive bedside neurology training is an essen-
tial component to safe teleneurology implementation (24). The
rapidity of the transition to telerheumatology, with the onslaught
of the COVID-19 pandemic, did not permit assessment of fellow
readiness to transition to virtual care. We now have the unique
opportunity to be more intentional in our approach to training

fellows in the performance of history taking and examination skills,
professionalism in the virtual space, communication with primary
care and specialty providers, “webside manner” (the virtual ana-
log of bedside manner), and demonstration of empathy via virtual
formats. Additionally, virtual technology offers an additional tool
for innovative approaches to feedback and assessment, such as
with the use of direct observation, which has not previously been
as readily available and facile in the in-person clinical setting.

Curriculum Implementation

The core competencies for all educational programs, as
identified by the Accreditation Council for Graduate Medical

Table 1. Overview of telehealth competencies and application to trainees and faculty in rheumatology, adapted from the Association of
American Medical Colleges (AAMC) New and Emerging Areas in Medicine Series: Telehealth Competencies

Examples of competency milestones by learner status

Domain* Medical school and residency
Subspecialty fellowship
+ all prior competencies Faculty + all prior competencies

Patient safety
and
appropriate
use of
telehealth

Acknowledges the limitations of and
limited evidence base for use of
virtual visits.

Defines their own implicit and explicit
biases and the implications of these
when delivering virtual services.

Informs patients of the limitations of
virtual visits and obtains informed
consent.

Assesses barriers for the patient and
within the clinical setting to optimize
incorporation of virtual visits into safe
delivery of care.

Role models the safe delivery of virtual
care, assesses areas for
improvement, and appropriately
escalates care when patient safety is
at risk.

Appropriately triages patients for
virtual clinic visits versus in-person
visits to optimize safe and effective
care delivery.

Data collection
and
assessment
via telehealth

Obtains relevant rheumatic history
from patient and/or patient’s
support system and performs
appropriate modified physical
examination.

Demonstrates proficiency in
performance and interpretation of
modified physical examination.

Integrates information obtained from
history and physical examination into
appropriate differential diagnosis and
treatment plan for acute and chronic
rheumatic diseases.

Role models and teaches appropriate
history taking, modified physical
examination, patient assessment,
and management of plan
development.

Communication
via telehealth

Assesses patient environment
including their support network
such as family or friends who may
participate in the virtual encounter.

Cultivates a professional and
compassionate webside manner
including camera at eye level,
attention to eye contact, tone, and
nonverbal cues.

Appropriately engages patient’s
support networks in the virtual visit,
including participation in the physical
examination.

Role models empathetic webside
manner and incorporation of patient
support networks into the virtual
visit.

Leads team by coordinating preclinic
huddle to strategize best practices
for precepting patient encounters
with learners.

Provides timely and effective feedback
to trainees.

Ethical practices
and legal
requirements
for telehealth

Describes local and institutional
policies on safe and secure virtual
care delivery.

Describes ethical challenges unique to
virtual care delivery.

Promotes the ethical delivery of virtual
services and actively seeks to expand
access for patients.

Role models obtaining informed
consent for a virtual visit, including
maintenance and protection of
patient privacy.

Identifies and provides solutions for
potential ethical breaches at a
systems level.

Technology for
telehealth

Identifies technology necessary to
conduct synchronous and
asynchronous virtual encounters.

Describes strategies to adapt virtual
care delivery based on patient’s
access and comfort level.

Distinguishes spectrum of technology
options for virtual encounters and
adapts practice to patient comfort.

Troubleshoots technology failures
including those occurring with
patient-owned devices.

Implements emerging evidence-based
technology into clinical practice and
teaches learners to incorporate new
applications of technology.

Implements technological support
programs into practice models.

* AAMC telehealth competency domains (ref. 23).
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Education, include professionalism, patient care, medical knowl-
edge, practice-based learning and improvement, interpersonal
and communication skills, and systems-based practice. The
AAMC has created a set of telehealth competencies that is appli-
cable across the continuum of undergraduate, graduate, and
continuing medical education (25). The development of telehealth
core competencies, customized for rheumatology, will inform us
of the domains for training, including patient care, communica-
tion, technology implementation and troubleshooting, ethics,
and recognition of care delivery disparities.

History-taking skills are largely similar in virtual and in-person
settings. The trainee can elicit the patient’s history in a televisit,
and when applicable, faculty preceptors can tease out additional
details. The physical examination, a crucial tool for the rheumatol-
ogist, offers an important example of an area in which adaptations
are needed. The virtual physical examination benefits from devel-
oping creative ways to assess the patient without touch
(Table 2). The patient can be asked to record vital signs (weight,
temperature, blood pressure, pulse, pulse oximetry) prior to the
televisit, contingent upon availability of necessary equipment and
confidence in the patient’s ability to accurately record such data.
Many examination techniques, such as joint range of motion,
can be gleaned through a video visit. Fellows-in-training may ask
the patient’s caregiver or partner (if available) to perform certain
portions of the physical examination. By using modeling, precep-
tors can demonstrate performance of a virtual examination for the
fellow to enrich learning from different attending physicians’ prac-
tices. Similarly, fellows may offer ideas on examination techniques
to faculty preceptors, as we find ourselves in a virtual space in
which all are learning and adapting. Additionally, measures of dis-
ease activity, such as the Routine Assessment of Patient Index
Data 3, are conducive to a virtual encounter.

Several telemedicine competencies will require specific skills
not currently included in the traditional fellowship curriculum. For
example, the ability to effectively triage patients to virtual or in-
person visits is an important skill, as recently included in the
AAMC telehealth competencies (Table 1). We suggest that until
the fellow has demonstrated proficiency in this competency, all tri-
age decisions should be discussed with and approved by the fac-
ulty preceptor.

Several professionalism nuances exist in telemedicine. Web-
side manner will become an essential skill for our workforce; thus,
we should be deliberate on how we teach this. Considerations for
the virtual video visit, taking place from the provider’s home or
office must include professional video interaction, personal appear-
ance, and appropriate virtual background. It will also be important
for trainees to adapt to technology challenges and failures, in the
moment, with patients who have variable technological skills.

Fellows-in-training must cultivate a professional and empa-
thetic webside manner in order to successfully interact with
patients during telemedicine visits. Providers often conduct visits
from home, and therefore need to create a professional environ-
ment, characterized by a well-lit, quiet, private area with a neutral
background. This may be difficult to achieve for trainees with
young children, pets, or cramped living spaces (26). The camera
should be oriented at eye level, and the provider should look
directly into the camera as much as possible, to provide eye con-
tact and help the patient feel connected. During the visit, pro-
viders should pause for several seconds after a patient finishes
talking to ensure the patient has completed their thought and
avoid over-talking. Empathy, easily demonstrated during in-
person visits by simply touching the patient’s shoulder or handing
tissues to a tearful patient, must be adapted and more explicitly
expressed during virtual visits.

Table 2. Telehealth examination modifications

Traditional examination
Modified telehealth examination performed by the patient or family member/home care provider,

if available

Vital signs Provide weight with an at-home scale.
Provide blood pressure reading using an at-home device if available.
Measure pulse, utilizing a clock and/or wearable device.
Measure oxygen saturation with at-home pulse oximeter.

Scalp and/or temporal artery
tenderness

Palpation of the scalp and temples to report tenderness.

Musculoskeletal Perform range of motion assessment of joint in front of the camera (wrists, elbows, shoulders, and
knees).

Perform hypermobility maneuvers.
Demonstrate for the patient self-palpation of the joints and entheses to determine the presence of joint
and soft tissue tenderness.

Fist formation to assess for fullness between metacarpophalangeal joints as well as fist formation ability.
Demonstrate ability to fully flex fingers to palms to evaluate proximal interphalangeal joint swelling.
The patient may send photos of the hands and feet in advance of the visit.

Motor strength Ask the patient to arise from a chair without use of the hands.
Ask a family member (if present) to assess strength.

Skin In advance of the visit, ask the patient to send a picture of rash or nails.
Ask the patient to open the mouth and measure the aperture with their fingers.
Ask a family member to report rash presence on scalp or back of patient.
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Physical space is typically not shared by trainees and faculty
during virtual care clinics; therefore, coordination of the planned
workflow is essential prior to the start of the virtual clinic. A precli-
nic virtual “huddle” can be used to determine the timing and
mechanism for contacting and inviting the faculty preceptor to join
the visit. Prior to the encounter, the fellow and attending physician
should determine if precepting will occur with the patient in the
virtual room, such as may happen with in-clinic bedside evalua-
tions, or if the fellow and attending physician will speak privately
before rejoining the patient. Consideration should be given to
address trainee questions prior to inviting the faculty member into
the virtual visit. Additionally, time offered for patient care questions
after the visit is important. Feedback can be ad hoc or scheduled,
and its timing and interval should be delineated. Assessment
strategies to optimize patient–provider interactions, ensure excel-
lence and safety in patient care delivery, and achievement of
entrustable professional activities such that the trainee is deemed
ready for independent practice are requisite within the virtual as
well as in-person patient care space. While assessment of
trainees may occur following patient encounters, there is also a
need for metrics in evaluation, use of simulation to promote learn-
ing as in the observed structured clinical evaluation (OSCE), and
integration of virtual care knowledge and skills in the rheumato-
logy in-training and board certification examinations.

Conclusions

Telerheumatology training will adapt and change with time,
but the infrastructure that we develop now will be foundational
for this evolving era of patient care. Clear outcome measures with
evidence-based practices must be developed. We have the
opportunity to optimize virtual care delivery such that we may
use this tool to enhance the care of patients with rheumatic
diseases across all settings, rather than merely replacing the
in-person visit. We must also recognize that training in
telerheumatology is not limited to our fellowship programs. In
addition to graduate medical education, it is imperative to con-
sider the importance of telemedicine continuing medical educa-
tion for providers in practice. Within the context of the COVID-19
pandemic, telerheumatology has become increasingly relevant.
We must think critically to best harness this technology to move
our specialty forward, and this not only begins, but pivots, in the
training space.
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Preferences for Biologic Treatment in Patients With
Psoriatic Arthritis: A Discrete Choice Experiment

Daniel Sumpton,1 Ayano Kelly,2 Jonathan C. Craig,3 Geraldine Hassett,4 Barry Kane,5 Michael Oliffe,6

Allison Tong,7 and Martin Howell7

Objective. We aimed to assess patient preferences for the characteristics and outcomes of biologic and targeted
synthetic disease-modifying antirheumatic drugs (DMARDs) to manage psoriatic arthritis.

Methods. We conducted a discrete choice experiment in patients with psoriatic arthritis from 3 rheumatology
centers in Sydney, Australia. We assessed preferences for different attributes of biologic medications. The route and
frequency of medications had a range of 5 levels, and the following 7 attributes had a range of 3 levels: the ability to
attend to normal activities, improvements in joint pain, enthesitis and skin disease, chance of disease remission, risk
of infection, and risk of severe adverse events. Multinomial logit models including a latent class model were used to
calculate preferences.

Results. Of the 150 participants, 58.3% were female, with a median age of 53.5 years. The attributes in order of
preference using the β coefficient in absolute values (95% confidence interval [95% CI]) were as follows: oral route
compared to subcutaneous and intravenous routes (β coefficient 1.00 [fixed parameter]), avoiding severe side effects
(β coefficient 0.72 [95% CI 0.50, 0.95]), increasing ability to attend to normal activities (β coefficient 0.66 [95%
CI 0.36, 0.96]), avoiding infections (β coefficient 0.38 [95% CI 0.23, 0.53]), improvement in enthesitis pain (β coefficient
0.28 [95% CI 0.20, 0.36]), improvement in psoriasis (β coefficient 0.28 [95% CI 0.20, 0.36]), increasing chance of
remission (β coefficient 0.27 [95% CI 0.19, 0.36]), and improvement in joint pain (β coefficient 0.26 [95% CI 0.00, 0.52]).

Conclusion. When choosing biologic medications, patients with psoriatic arthritis preferred oral medications.
Patients prioritized avoiding severe complications, maintaining the ability to attend to work and normal activities, and
avoiding infection over clinical measures of efficacy.

INTRODUCTION

Psoriatic arthritis is a chronic inflammatory arthritis treated

with biologic and targeted synthetic disease-modifying antirheu-

matic drugs (DMARDs, referred to as biologic medications) in

the severe forms of the disease (1,2). While their clinical efficacy

is established, biologic medications have numerous routes, fre-

quencies, and variable responses to the joint disease, enthesitis,

and skin disease associated with the condition (1,2). There are

no clinically useful biomarkers to guide the type, intensity, or

length of therapy (3), and the characteristics and outcomes of bio-

logic medications most important to patients when choosing

treatment are unknown.
There is a growing awareness of the importance of under-

standing the priorities of patients with psoriatic arthritis to improve

their care (3,4). Guidelines on the treatment of psoriatic arthritis

also stress the need for shared decision-making (5,6). There is a

need to understand the factors most important to patients when
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selecting a biologic medication, to identify the patient’s main con-

cerns and priorities, to enhance patient engagement in care, and

to improve treatment adherence and outcomes that are important

to patients. Biologic medications are also costly to patients, gov-

ernments, or insurers, and it is important to understand the values

that patients place on the qualities of medications to inform the

design and approval of medications that patients are willing to

accept.
Discrete choice experiments (DCEs) are routinely used to

quantify patient treatment preferences and to determine the most
important factors for patients drawn from real-life scenarios (7).
This study aims to identify the characteristics and outcomes of
biologic medications that patients with psoriatic arthritis prioritize
when making choices about their treatment.

PATIENTS AND METHODS

Participant selection and recruitment. The study was
conducted in 3 rheumatology centers in Sydney, Australia.
Patients were eligible to participate if they were 18 years or older
and were diagnosed as having psoriatic arthritis by a rheumatolo-
gist. Patients currently treated with biologic DMARDs
(bDMARDs), targeted synthetic DMARDs (tsDMARDs), conven-
tional DMARDs (cDMARDs), combination therapy, or no treat-
ment were eligible to participate. Ethics approval was obtained
from the South Western Sydney Research and Ethics Committee
(HREC/15/LPOOL/560). All respondents provided informed
consent.

DCEs. We used a DCE to quantify patient preferences for
characteristics of biologic medications for use in psoriatic arthritis.
In a DCE, participants are presented with multiple-choice sets
containing different alternatives for a treatment or service. Each
option describes characteristics or outcomes with varying levels
(for example, a medication’s ability to reduce pain with 3 levels of

efficacy ranging from 20–50%) (8). Participants are asked to con-
sider each of the qualities of a treatment and choose the alterna-
tive they prefer in each choice set. DCEs are based on random
utility theory, which assumes that participants use rational
decision-making to maximize their utility when making choices
(9). It is assumed that people consider the attributes and levels
of options and make a choice based on the outcome or charac-
teristic they most value (10). These choices are then extrapolated
to determine which characteristics or outcomes participants pre-
fer over others.

Selection of characteristics and outcomes to
describe biologic medications. The characteristics associ-
ated with treatment that patients consider when choosing bio-
logic medications for psoriatic arthritis were identified through a
systematic literature review of the experience of living with psori-
atic arthritis and psoriasis (11). Also, standard clinical parameters
and a review of previous DCEs in psoriatic arthritis, psoriasis,
and rheumatoid arthritis were used to inform the development of
characteristics (12–17). The levels of characteristics to describe
the route and frequency of biologic medications were based on
currently available biologic medications and the shortest fre-
quency available for spondyloarthritis indications. The levels for
outcomes of infection and rare adverse events were based on
systematic reviews of the risks of biologics and registry data for
psoriatic arthritis (18–21). The efficacy-related outcomes (joint
pain, enthesitis, skin psoriasis, and disease remission) were
based on published clinical data on expected American College
of Rheumatology criteria for 20% improvement in disease activity
(ACR20), ACR50, and ACR70 responses in psoriatic arthritis,
Psoriasis Area and Severity Index 75 responses, and the chance
of psoriatic arthritis disease remission based on a description of
reaching minimal disease activity (21–23).

Characteristics of biologic medications or outcomes for their
use and the different levels to describe these characteristics or
outcomes were finalized after consulting with the research team,
which included a patient research partner. From this process,
there were 8 characteristics chosen, with 26 variable levels. The
characteristics or outcomes and the range of their levels as pre-
sented to participants, shown in brackets, included the following:
the ability to work or attend to normal activities (no improvement
or negative effect, moderate improvement, significant improve-
ment), route and frequency of medication (oral tablet once or
twice daily, injection under the skin once every week or 2 weeks,
injection under the skin once every 4 weeks, injection under the
skin once every 12 weeks, infusion via a drip in the hospital every
6 weeks), the chance of remission (1 of every 10 people reach
disease remission, 2 of every 10, 4 of every 10), effect on joint
pain (3 of every 10 people have no joint pain, 4 of every 10, 6 of
every 10), effect on tendon insertion pain (3 of every 10 people
have no tendon insertion pain, 4 of every 10, 6 of every 10), effect
on the skin (4 of every 10 people are clear of skin psoriasis,

SIGNIFICANCE & INNOVATIONS
• When making decisions about biologic medications

for the treatment of psoriatic arthritis, patients pre-
ferred oral treatments over subcutaneous or intra-
venous routes.

• Overall, participants prioritized avoiding severe
adverse events, the ability to return to work and
normal activities, and avoiding severe infection
above clinical measures of disease improvement
including improvement in joint pain, enthesitis, or
skin disease.

• There were 2 distinct groups of patients with differ-
ent priorities when choosing biologic medications,
informing the need to discuss the characteristics
and outcomes of biologic treatments with individual
patients.
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6 of every 10, 8 of every 10), chance of typical infection
(no increased risk, 2 times the number of infections in 1 year,
4 times the number of infections in 1 year), and the possibility of
a rare but serious complication (no increased risk, 1 of 100 peo-
ple, 10 of 100 people). A list of characteristics/outcomes, levels,
and their description as presented to participants is shown
in Table 1.

Survey design. The DCEwas designed following established
practices using the software Ngene V.1.2.0 (ChoiceMetrics) (24).
We used a d-efficient fractional factorial design with 2 blocks of
9 questions using a multinomial logit model (MNL) with no interac-
tion terms specified in the design. The final design indicated that
statistical significance of main effects (P < 0.05) would be
achieved with a sample size of at least 70 (25,26). The final DCE
was piloted for design and comprehensibility with 10 patients
who had psoriatic arthritis, resulting in some minor changes to
the design of questions. Characteristic and outcome levels were
represented by words, numbers, and pictograms to express the

probability of an expected outcome. The survey was presented
to the participants as follows: 1) introduction and explanation of
the study, 2) sociodemographic and clinical data questions, 3)
description and explanation of the characteristics/outcomes and
levels, 4) an example choice set, and 5) the DCE. The DCE was
unlabeled, and participants were asked to choose which medica-
tion they would prefer for treatment of their psoriatic arthritis of
either medication A or medication B in 9 different scenarios. We
collected sociodemographic information (sex, age, income, mari-
tal status) and clinical information (years since diagnosis of psori-
atic arthritis and psoriasis, current and prior treatment, the
experience of biologic medications and cDMARDs, self-reported
patient pain, global health, and skin psoriasis, and self-reported
knowledge of medications). An example choice set question is
shown in Figure 1, representing 1 of 9 questions presented to
each participant.

Data collection. Participants were invited to participate in
an online survey through email. Data were collected from

Table 1. Choice set characteristics/outcomes and levels

Characteristic or outcome Description given to participants Level

Ability to work and attend to normal
activities

Improvement in ability to do work, attend to
regular exercise, ability to go out with friends or
family

No improvement or negative effect; moderate
improvement; significant improvement

Route and frequency of medication The way the medication is given (a tablet, an
injection, or in a drip) and how often it is taken
(e.g., daily or every month)

Oral tablet once or twice daily; injection under the
skin once every week or 2 weeks; injection
under the skin once every 4 weeks; injection
under the skin once every 12 weeks; infusion
via a drip in the hospital every 6 weeks

Chance of disease remission The number of people of 10 expected to have
remission if taking the medication. Remission
means that the patients has very few swollen and
tender joints or tendons, low pain levels, minimal
skin psoriasis, and feels quite well overall.

1 of every 10 people in remission; 2 of every 10
people in remission; 4 of every 10 people in
remission

Effect on joint pain The number of people of 10 expected to have no
joint pain if taking the medication

3 of every 10 people have no joint pain; 4 of every
10 people have no joint pain; 6 of every 10
people have no joint pain

Effect on tendon insertion pain The number of people of 10 expected to have no
tendon insertion pain if taking the medication.
For example, pain at the back of the heel, at the
side of the elbows, or under the sole of the foot.

3 of every 10 people have no pain at tendon
insertion; 4 of every 10 people have no pain at
tendon insertion; 6 of every 10 people have no
pain at tendon insertion

Effect on skin psoriasis The number of people of 10 expected to have their
skin clear of psoriasis if taking the medication.

4 of every 10 people are clear of skin psoriasis; 6
of every 10 people are clear of skin psoriasis; 8
of every 10 people are clear of skin psoriasis

Chance of typical infection The increased number of typical and treatable
infections each year, compared to not taking the
medication (for example, a common cold or
upper respiratory infection, or urinary tract
infection), requiring antibiotics or no treatment
and the drug to be temporarily stopped for a
week.

No increased risk; 2 times the number of
infections in 1 year; 4 times the number of
infections in 1 year

Chance of rare but serious
complication so that the
medication is stopped for many
months or permanently

For example, a severe infection (such as pulmonary
tuberculosis or shingles, or severe pneumonia
needing a hospital stay), severely low white cell
count, a clot in the lung or leg, development of a
cancer or organ damage. The complication is
severe because the medication must be stopped
for many months or permanently stopped or
changed.

No increased risk; 1 of 100 people; 10 of 100
people
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March 8, 2020, to April 6, 2020. The DCE was a self-initiated sur-
vey, and self-reported characteristics were collected using Qual-
trics survey software (Qualtrics XM).

Data analysis. The analysis of the DCE followed the gen-
eral approach outlined by the International Society of Pharmacoe-
conomics and Outcomes Research and published guides to
model specification (8,24,27). At study completion, data from
the online surveys were extracted into an Excel spreadsheet and
analyzed using NLOGIT software V.6 (Econometrics Software).
All outcomes were coded as continuous variables, apart from
the characteristic of frequency and route of medication, which
were classified as categorical variables and coded using dummy
coding. This led to individual characteristics for each route and
frequency, leading to a total of 12 outcomes to describe in the
classic MNL model. Outputs from the variables in the MNL model
were given as β coefficients with 95% confidence intervals (95%

CIs) and P values. Positive β coefficient values suggested that
the participants preferred the characteristic or outcome, and a
negative value suggested that the participants avoided the char-
acteristic or outcome. Negative β coefficient values for adverse
events and infections are presented as avoiding the outcome
and given as absolute values to enhance the readability and
understanding of the data.

A latent class MNL regression model was undertaken to pro-
vide an understanding of the heterogeneity of preferences among
the participant sample by identifying classes of different prefer-
ence structures (28). Output for each of the variables in each
latent class were represented as β coefficients with 95% CIs.
The latent class model takes into account the clinical and
sociodemographic qualities of participants, for example, their
experience of biologic medications. The likelihood of specific par-
ticipant characteristics belonging to a latent class was described
as β coefficients and odds ratios with 95% CIs. Membership

Figure 1. An example of a choice set.
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within a class is a latent property, and it is only possible to approx-
imate the likelihood or probability that a respondent may be a
member of a latent class. Linking to respondent covariates pro-
vides an estimation of the composition of the classes and the
characteristics of individuals with different preference profiles. A
trial and error process based on model fit criteria and the ability
to predict the composition of individual classes was used to
define the optimal number of latent classes included in the model.
The final latent class model specification was determined based
on the P value of specified parameters, log-likelihood tests, and
Akaike information criteria. Demographic data were analyzed
using descriptive statistics to describe the proportions of partici-
pants according to their sex, age, ethnicity, highest level of educa-
tion, marital status, income level, years since diagnosis, history of
psoriasis, and current and prior treatment.

RESULTS

Participant characteristics. A total of 164 patients
responded to the survey from 199 invitations (82.4% response rate).
One hundred fifty respondents completed the full survey (91.5%
completion rate). The median age was 53.5 years (range 21–
78 years), 86 participants (57.3%) were female, 71 participants
(47.3%) had a university education, and 117 (78%) were married.
Of the participants, 114 (76%) had psoriasis, and the median psori-
atic arthritis disease duration was 5 years (range 0.2–44.0 years). A
total of 75 (50%) were currently receiving treatment with a biologic,
83 (55.3%) had an experience of biologic therapy, and 41 (27.3%)
had an experience of ≥2 biologics. Eighty-five (56.7%) were currently
being treated with at least 1 cDMARD (methotrexate, sulfasalazine,
or leflunomide). Participant characteristics are shown in Table 2.

Preferences for medication characteristics (MNL
model). Preferences for the characteristics is indicated by the
β coefficient values, with positive values indicating a preference
for the characteristic, and negative values indicating against or
avoiding the characteristic. The preferred characteristic in order
of preference using the β coefficient in absolute values (95% CI)
were as follows: oral route (β coefficient 1.00 [fixed-parameter])
compared to subcutaneous and intravenous routes, avoiding
severe side effects (β coefficient 0.72 [95% CI 0.50, 0.95]),
increasing ability attend to work and normal activities (β coefficient
0.66 [95% CI 0.36, 0.96]), avoiding infections (β coefficient 0.38
[95% CI 0.23, 0.53]), improvement in enthesitis pain (β coefficient
0.28 [95% CI 0.20, 0.36]), improvement in psoriasis (β coefficient
0.28 [95% CI 0.20, 0.36]), increasing chance of remission (β coef-
ficient 0.27 [95% CI 0.19, 0.36]), and improvement in joint pain
(β coefficient 0.26 [95% CI 0.00, 0.52]). The preferences for all
characteristics are displayed in Table 3 and Figure 2.

Heterogeneity of preferences (latent classmodel). A
latent class MNLmodel consisting of 2 classes was considered to

Table 2. Characteristics of the participants (n = 150)*

Characteristic Value

Sex
Female 86 (57.3)
Male 64 (42.7)

Age, years
≤53 75 (50.0)
>53 75 (50.0)

Ethnicity
Australian 92 (61.3)
Multiple† 17 (11.3)
British/Irish/Scottish 9 (6.0)
Southeast Asian 7 (4.7)
Southern and Central Asian 5 (3.3)
Other‡ 20 (13.3)

Highest level of education
University degree 71 (47.3)
Diploma, certificate, or trade 44 (29.3)
High school 35 (23.4)

Marital status
Married or de facto 117 (78.0)
Single 17 (11.3)
Divorced 8 (5.3)
Widowed 5 (3.3)
Prefer not to answer 3 (2.0)

Income, $
<35,000 19 (12.7)
35,000–65,000 17 (11.3)
65,001–95,000 26 (17.3)
95,001–125,000 18 (12.0)
125,001–150,000 12 (8.0)
>150,000 29 (19.3)
Prefer not to answer 29 (19.3)

Years since psoriatic arthritis diagnosis
≤5 75 (50.0)
>5 75 (50.0)

History of psoriasis
Psoriasis 114 (76)
No psoriasis 36 (24)

Current treatment
Adalimumab 16 (10.7)
Golimumab 14 (9.3)
Etanercept 10 (6.7)
Certolizumab 6 (4.0)
Infliximab 1 (0.7)
Secukinumab 16 (10.7)
Ixekizumab 1 (0.7)
Ustekinumab 6 (4.0)
Risankizumab 1 (0.7)
Trial biologic medication 1 (0.7)
Tofacitinib 3 (2.0)
Methotrexate 60 (40.0)
Sulfasalazine 34 (22.7)
Leflunomide 8 (5.3)
No current systemic treatment 7 (4.7)

Experience of treatment
Biologic therapy 83 (55.3)
Methotrexate 90 (60.0)
Sulfasalazine 58 (38.7)
Leflunomide 35 (23.3)

* Values are the number (%).
† Australian/British/Irish/Scottish (6), Australian/North African or
Middle Eastern (4), Australian/Southeast Asian (2), Australian/
Australian Aboriginal (1), Australian/Australian Aboriginal/Southeast
Asian/British/Irish/Scottish (1), Australian/New Zealander (1), Australian/
Western European (1), South America/Western European (1).
‡ North African and Middle Eastern, Pacific Islander, South
American, New Zealander, Western European, Australian Aborigi-
nal, North American, and Other (unspecified).

SUMPTON ET AL1238



provide the best fit based on the statistical significance of charac-
teristic coefficients. The preferences for each latent class are
shown in Figure 3 and in Supplementary Table 1, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24782. The top 3 preferences for medica-
tion characteristics for participants in latent class 1 (LC-1) were
avoiding rare but serious complications (β coefficient 1.35 [95%
CI 0.83, 1.87]), the ability to work or attend to normal activities (β
coefficient 1.19 [95% CI 0.53, 1.86]), and improvement in joint
pain (β coefficient 0.82 [95% CI 0.23, 1.41]). Comparably, partici-
pants in latent class 2 (LC-2) had a preference for the route and
frequency of medications, preferring a subcutaneous injection 1–
2 times weekly (β coefficient 1.97 [95% CI 1.15, 2.80]), oral tablet
once or twice daily (β coefficient 1.39 [95% CI 0.31, 2.47]), and a
subcutaneous injection 4 times weekly (β coefficient 1.32 [95%
CI 0.63, 2.01]). Compared to participants in LC-1, participants in
LC-2 were less likely to prefer the ability to work or attend to

normal activities (β coefficient 1.19 [95% CI 0.53, 1.86] in LC-1
versus β coefficient 0.54 [95% CI 0.05, 1.04] in LC-2) and avoid-
ing the risk of a treatable infection (β coefficient 0.64 [95% CI
0.35, 0.93] in LC-1 versus β coefficient 0.33 [95% CI 0.05, 0.60]
in LC-2).

The odds ratio of being in LC-1 relative to LC-2 for specific
demographic characteristics and clinical features of participants
is displayed in Supplementary Table 2, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24782. Compared to participants in LC-2, partici-
pants in LC-1 were 21.2 times more likely to be older than
53 years, 2.9 times more likely to be female, 7.9 times more likely
to have less pain (visual analog scale [VAS] <50 pain scores), 6.3
times more likely to have no experience receiving biologic therapy,
4.5 times more likely to have low perceived knowledge of medica-
tions for use in psoriatic arthritis, 3.0 times more likely to have a
household income of >$66,500 per year, 3.6 times more likely to

Figure 2. Characteristic/outcome preferences from the classic multinomial logit model. Error bars show the 95% confidence intervals.
IV = intravenous; SCI = subcutaneous injection.

Table 3. Characteristic/outcome preferences for classic multinomial logit model model*

Characteristic/outcome β coefficient (95% CI) P

Oral route daily or twice a day 1.00 (fixed parameter)† –

Avoiding risk of severe side effects 0.72 (0.50, 0.95) 0.01
Ability to work or attend to normal activities 0.66 (0.36, 0.96) 0.01
Avoiding risk of treatable infection 0.38 (0.23, 0.53) 0.01
Improvement in tendon insertion pain 0.28 (0.20, 0.36) 0.01
Improvement in skin psoriasis 0.28 (0.20, 0.36) 0.01
Chance of disease remission 0.27 (0.19, 0.36) 0.01
Improvement in joint pain 0.26 (0.00, 0.52) 0.05
SCI every 4 weeks compared to oral medication –0.18 (–0.55, 0.19) 0.9‡
SCI every 1–2 weeks compared to oral medication –0.23 (–0.67, 0.22) 0.9‡
SCI every 12 weeks compared to oral medication –0.24 (–0.76, 0.28) 0.9‡
IV infusion every 6 weeks compared to oral medication –1.02 (–1.69, –0.36) 0.01

* 95% CI = 95% confidence interval; IV = intravenous; SCI = subcutaneous injection.
† Fixed parameter for oral route as 1.0 for comparison to other routes and frequencies.
‡ Not statistically significant.
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have a psoriatic arthritis duration ≤5 years, and 1.9 times more
likely to have skin scores on a VAS of ≥50 (better skin scores).
Conversely, participants in LC-2 were, therefore, more likely to
be younger than 53 years, be male, have higher pain levels (pain
≥50 on a VAS), have experience receiving biologics, have a higher
perceived knowledge of medications, have a household income
of <$66,500 per year, have a psoriatic arthritis duration of ≥5 years,
and have skin scores on a VAS of ≤50 (worse skin scores).

DISCUSSION

For patients with psoriatic arthritis, when making decisions
about selecting biologic medicines, participants prefer oral med-
ication over subcutaneous medications of any frequency and to
avoid intravenous infusions. Participants also give high priority
to avoiding rare but serious complications, improving their ability
to work and attend to normal activities, and avoiding the risk of
treatable infection over clinical measures of improvement,
including the chance of disease remission, improvement in joint
pain, and improvement in joint tenderness or clearing of skin
psoriasis.

The latent class model showed that there were 2 groups of
participants. One group preferred avoiding serious complications,
the ability to work or attend to normal activities, and improvement
in joint pain (LC-1). Another group valued characteristics related
to the route and frequency of medications (LC-2). The findings of
the latent class model suggest that patients with less experience
and knowledge of biologics and with earlier disease duration pre-
ferred avoiding serious complications of biologics but also value
the ability to attend to work and social activities. Participants in
LC-1 were more likely to have less pain. They were also more
likely to preference joint pain as a valued outcome, suggesting
that their pain may be treated by modalities other than biologic
therapies. It is unclear why participants with higher income were
more likely to be in LC-1 compared to LC-2, but this may relate

to their preference for the ability to return to work and desire to
protect their higher income. There may also be differences in
health literacy between different income classes driving differ-
ences in preferences between these 2 groups. Participants in
LC-2 were more experienced with biologics use and had higher
perceived knowledge of their use. These participants were more
likely to be comfortable with the most frequently used subcutane-
ous methods of treatment delivery suggestive of some experien-
tial tolerance to subcutaneous medications.

The findings of the present study are consistent with quali-
tative data suggesting that fear of severe side effects and
short-term side effects are significant factors for patients with
psoriatic arthritis and spondyloarthropathy when choosing med-
ications (11,29). Our findings also reflect similar DCE studies of
preferences for biologics in psoriasis, showing that patients pre-
fer avoiding severe adverse events above the value they place on
treatment efficacy (16,17). Participants in our study also pre-
ferred oral tablets over intravenous or subcutaneous medica-
tions, consistent with findings from an industry-funded conjoint
analysis of patient choice for biologics in psoriatic arthritis (15).
While oral biologic medications have also been shown to be pre-
ferred in rheumatoid arthritis, this may be limited only to those
who have no experience of subcutaneous biologic medica-
tions (30).

There are some differences between the present study and a
recent DCE of Australian patients with rheumatoid arthritis, psori-
atic arthritis, and ankylosing spondylitis. This industry-funded
and commercially recruited study by Ho et al showed that patients
prioritize the clinical efficacy of medications and preventing dis-
ease progression over mild-to-moderate and severe side effects
(14). The differences between the present study and the study
by Ho et al could be explained by the difference in population
groups, the private recruitment methods used, and the detail of
description of each attribute and level provided to participants in
this study.

Figure 3. Preferences for medication characteristics and outcomes according to 2 latent classes. Intravenous infusion was made the reference var-
iable when comparing the types of route and frequency in this analysis. Error bars show the 95% confidence intervals. SCI = subcutaneous injection.
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The present study has implications for the reporting of mea-
sures associated with work and social participation in clinical trials
of psoriatic arthritis. Disability related to work and social function-
ing in psoriatic arthritis is high (31) and is a poor prognostic marker
associated with increased disease activity (32). Participants in this
study highly valued biologic medications because of their ability to
improve their ability to work or attend social activities. Measures of
these specific domains are not routinely reported in trials of bio-
logic therapies. Clinical trials have traditionally included generic
outcome measures of physical function such as the Medical Out-
comes Study Short Form 36 (33) or the Health Assessment
Questionnaire disability index (34). The Outcome Measures in
Rheumatology (OMERACT) Psoriatic Arthritis Group has recently
endorsed the Psoriatic Arthritis Impact of Disease measure
(PSAID12) (35) as the preferred patient-reported measure for the
health-related quality of life domain for use in clinical trials
(36,37). The PSAID12 includes domains of “Work and/or leisure
activities” and “Social participation” (35). The present study
strengthens the conclusions from OMERACT that the PSAID12
should be included in clinical trials of psoriatic arthritis to deter-
mine the efficacy of biologics on the ability to undertake work
and leisure activities. It may also be important to include the find-
ings from the specific subdomains of “Work and/or leisure activi-
ties” and “Social participation” when reporting PSAID12
outcomes. The PSAID12 has also been validated as a tool
responsive to change (38), and these subdomains related to work
and social participation may be useful for clinicians to follow with
regard to patient-centered responsiveness to treatment.

The present study has implications for the characteristics of
biologics that rheumatologists focus on when making decisions
about starting medications in time-limited consultations. Patients
valued an oral route of drugs compared to subcutaneous forms
and avoiding the complications of treatment over the clinical
parameters of efficacy, including improvements in joint pain, ten-
don pain, skin disease, and disease remission. There is an appar-
ent discrepancy between the outcomes of biologic medications
most important to patients and the clinical parameters used by
rheumatologists to inform measures of disease activity and treat-
ment responsiveness (39–41). While clinical efficacy measures
are useful to inform of the responsiveness to treatment, they
may be less critical to patients compared to the route of medica-
tions, functional outcomes, and risk of side effects when choosing
to initiate a biologic medication. The discrepancy in preference of
characteristics around biologics may explain why there are
reported differences in the expected results of treatment between
rheumatologists and patients (42,43). The present study rein-
forces the need for rheumatologists to discuss the functional
and social domains associated with treatment and the risk of
infection and severe adverse events when making treatment deci-
sions about biologic medications with their patients.

This study highlights the need to develop decision aids to
guide shared decision-making choices and focus discussion on

factors important to patients when choosing biologic medications
in psoriatic arthritis. The latent class models showed that there are
differences in preferred characteristics of biologic medications
among patient groups, potentially related to their experience of
biologics, age, level of perceived knowledge, and disease dura-
tion. Biologics-experienced patients were less concerned with
the risk of adverse side effects compared to those without bio-
logics experience. Patients also prioritized competing outcomes
of medications, including enhancing social and work function as
a result of medication-taking but also avoiding adverse events
and infection. These findings strengthen the need for guidance
when choosing biologics to strike a balance between these com-
peting priorities. While decision aids have shown to be useful in
rheumatoid arthritis at reducing decisional conflict, improving par-
ticipation, and satisfaction in decision-making (44,45), there are
no decision aids available for use in psoriatic arthritis. The prefer-
ences for outcomes described in the present study may be useful
as a first step toward the development of a psoriatic arthritis–
specific decision aid that helps align medication choice with
patient knowledge and preferences.

The design of this study included guidance from a patient
partner and was piloted with patients to ensure that participants
comprehended the study. The design and analysis of the DCE
followed established and rigorous methods. There are limita-
tions to our study. Patients were recruited to this study based
on physician diagnosis, and demographic and clinical parame-
ters were self-reported. The present study was limited to 3 cen-
ters in Sydney, Australia. There were practical limitations on the
number of attributes that could be included in the survey, and
there may be attributes of importance that were not included.
There were specific demographic factors that could affect the
preferences for characteristics of biologics, including the pro-
portion of participants receiving biologic therapies and the high
number of university-educated participants. This may have
implications for the generalizability of this study to other health
settings, including settings in patients with lower education
levels and lower levels of biologics access. The disease activity,
function, and quality of life of participants was not measured in
the study and is a limitation, as these factors may impact partic-
ipant preferences.

In conclusion, when choosing biologic medications, patients
with psoriatic arthritis preferred avoiding serious adverse events,
the ability to work or attend to normal activities, and the risk of
infection over measures of efficacy, including the chance of dis-
ease remission and improvements in joint pain, enthesitis, and
psoriasis. Overall, patients prioritized oral medications over sub-
cutaneous medications and intravenous infusions. There were dif-
ferences in the preferences for biologic characteristics and
outcomes based on clinical and participant characteristics. This
study highlights the need for clinicians to focus on functional out-
comes of treatment and adverse events and to consider individual
patient preferences when discussing biologic medications.
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Incidence of and Risk Factors for Heart Failure in Patients
With Psoriatic Disease: A Cohort Study

Sahil Koppikar,1 Keith Colaco,2 Paula Harvey,1 Shadi Akhtari,1 Vinod Chandran,3 Dafna D. Gladman,3

Richard Cook,4 and Lihi Eder1

Objective. To assess the incidence and risk factors for heart failure in patients with psoriatic disease and to
describe their electrocardiographic and echocardiographic findings.

Methods. A cohort analysis was conducted involving patients with psoriatic disease followed prospectively from
1978 to 2018. Participants were assessed according to a standard protocol every 6 to 12 months. The primary out-
come was the time to first event of heart failure, further classified into ischemic and nonischemic heart failure (second-
ary outcomes). The association between cardiovascular risk factors, measures of disease activity, and heart failure
events was assessed using Cox proportional hazards regression. Electrocardiographic and echocardiographic find-
ings associated with heart failure events were described.

Results. A total of 1,994 patients with psoriatic disease were analyzed, with 64 incident heart failure events
(38 ischemic, 26 nonischemic). The incidence rate of first heart failure event was 2.85 per 1,000 patient-years. In all
events, the most common electrocardiographic findings were atrial fibrillation (22%) and bundle branch blocks
(29%). Echocardiogram revealed 37% reduced ejection fraction and 63% preserved ejection fraction. In multivariable
analysis, independent risk factors for all heart failure events were ischemic heart disease, adjusted mean tender joint
count, adjusted mean swollen joint count, adjusted mean erythrocyte sedimentation rate, adjusted mean C-reactive
protein level, and physical function (by Health Assessment Questionnaire) (all P < 0.05). Minimal disease activity state
was protective for all heart failure (P < 0.05).

Conclusion. Increased risk of heart failure is associated with a combination of known cardiovascular risk factors
and measures of disease activity, particularly in nonischemic heart failure. The effect of inflammation on heart failure
may be partially independent of atherosclerotic disease.

INTRODUCTION

Psoriasis is an immune-mediated skin disease with a preva-

lence of 2–3% in North American and European populations (1).

Psoriatic arthritis (PsA) is an inflammatory musculoskeletal dis-

ease that affects 14–30% of psoriasis patients (2,3). Both condi-

tions, collectively termed psoriatic disease, are associated with

numerous comorbid conditions, including cardiometabolic, gastro-

intestinal, and renal diseases, as well as malignancies, infections,

andmood disorders (4).
Among the comorbid conditions, cardiovascular diseases

are of particular importance as they directly impact the patients’

mortality (5). Several studies have suggested that psoriasis and

PsA are independent risk factors for major adverse cardiovascular

events, including myocardial infarction (MI), stroke, and cardio-

vascular death (6–9). The increased cardiovascular morbidity in

psoriatic disease can be partially attributed to the high prevalence

of metabolic abnormalities (9,10), such as impaired glucose toler-

ance, atherogenic lipid profiles, and unhealthy lifestyle habits

(smoking, physical inactivity) that are common in these patients.

These factors, in addition to systemic inflammation, may contrib-

ute to atherogenesis and cardiovascular events.
Most of the studies have focused on the link between psori-

atic disease and atherosclerotic disease, hypertension, obesity,
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and metabolic syndrome. Heart failure is another major cardio-

vascular event with a large global burden of disease. However,

data are limited describing the association between psoriatic dis-

ease and heart failure. A recent meta-analysis found that patients

with PsA have a 32% increased risk of developing heart failure

compared to the general population (8). Patients with psoriasis

have a similarly increased risk between 20% and 60% (11,12).

The association between psoriasis and cardiomyopathy has been

described, with the majority of patients developing dilated cardio-

myopathy (13).
More recently, echocardiographic studies have identified sub-

clinical myocardial dysfunction in patients with psoriatic disease

without cardiovascular risk factors (14,15). Although the cause of

heart failure has been traditionally attributed to atherosclerotic dis-

ease, systemic inflammation is now being recognized as an inde-

pendent risk factor for heart failure development, especially with

preserved ejection fraction. Sustained inflammation may directly

cause myocardial hypertrophy through a proinflammatory cytokine

milieu, contributing to ventricular stiffness and diastolic dysfunction.

A recent paradigm of “epicardial adipose inflammation” suggests

that chronic systemic inflammation activates epicardial fat to pro-

duce adipocytokines that are transmitted directly to underlying tis-

sues, leading to volume stress, fibrosis, and impaired cardiac

distensibility (16,17). Furthermore, arrhythmias and valvular dys-

function are often found in psoriatic disease, conceivably being

another nonischemic mechanism of heart failure development

(18,19). However, few studies have thus far attempted to elucidate

the link between cardiometabolic abnormalities, psoriatic disease–

related factors, and heart failure development to determine the

independent effect of psoriatic disease activity on heart failure.

In this cohort study we aimed to estimate the cumulative inci-
dence of heart failure in patients with psoriatic disease, identify
independent risk factors for developing heart failure events, and
describe the electrocardiographic (ECG) and transthoracic echo-
cardiographic (TTE) findings in patients experiencing heart failure
events.

PATIENTS AND METHODS

Patients and setting. A cohort analysis was conducted in
patients followed from 1978 to 2018 at the University of Toronto
Psoriatic Disease clinic. The clinic was established in 1978 and
enrolls patients with psoriatic disease who are all followed with
the same protocol. Among the PsA patients, 98% meet the Clas-
sification of Psoriatic Arthritis classification criteria (20). The psori-
asis patients are enrolled based on a dermatologist confirmed
diagnosis of psoriasis without arthritis. Patients attending the
clinic are enrolled in an ongoing prospective study aimed at
assessing prognostic factors in psoriatic disease. Each patient is
assessed at 6–12-month intervals according to a standard proto-
col (21). As part of the study protocol, information is prospectively
collected, including patient demographic characteristics, lifestyle
habits, medical history, medication use, disease-related out-
comes, laboratory findings, and imaging studies. Laboratory tests
for lipid profile and inflammatory markers are performed every 6–
12 months as part of the study protocol. All data are stored in a
web-based computerized database. Patients who had <1 year
of follow-up or who developed a heart failure event prior to the first
clinic visit were excluded from the study. All subjects’ written con-
sent was obtained according to the Declaration of Helsinki. The
study has been approved by the University Health Network and
Women’s College Research Institute ethics boards.

Primary event definition. The primary end point was
defined as the occurrence of the first event of heart failure exacer-
bation. Heart failure events were further classified as ischemic
heart failure (ischemic cardiovascular disease defined as angina,
MI, or revascularization occurring prior to or at the same time as
the first heart failure event) or nonischemic heart failure (no prior
ischemic cardiovascular disease). Potential heart failure events
were first identified by searching the cohort database and linking
to provincial mortality and hospitalization databases. Subse-
quently, complete medical records pertaining to the heart failure
event were obtained, where available, from the patient’s primary
care provider and specialists. Each identified potential heart failure
event was adjudicated by reviewing data from hospital admis-
sions, death certificates, and medical records from relevant spe-
cialists. Uncertain cases were discussed with a cardiologist
(SA) to determine whether to consider them as heart failure
events.

Based on the level of evidence in the medical records, heart
failure events were classified as either definite, probable, or

SIGNIFICANCE & INNOVATIONS
• The findings of this study demonstrate that the

increased risk of heart failure in psoriatic disease is
associated with a combination of known cardiovas-
cular risk factors and high disease activity, particu-
larly in nonischemic heart failure, suggesting that
the effect of inflammation on heart failure may be
independent of atherosclerotic disease.

• Independent risk factors of heart failure events
were ischemic heart disease, adjusted mean swol-
len joint count, adjusted mean tender joint count,
adjusted mean erythrocyte sedimentation rate,
adjusted mean C-reactive protein level, and physi-
cal function (by Health Assessment Questionnaire),
while minimal disease activity state was protective
against heart failure events.

• This study demonstrates that psoriatic disease and
heart failure are linked, independent of cardiovas-
cular risk factors, and emphasizes the importance
of controlling disease activity and inflammation to
reduce heart failure risk in these patients.
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possible. A definite heart failure event was defined by any of the
following: record of typical clinical symptoms and signs on physi-
cal examination, record of typical diagnostic test, including chest
radiographs or echocardiogram, discharge summary indicating
heart failure as an admission diagnosis, or a heart failure event,
documented by a cardiologist; provincial database documenta-
tion of heart failure admission and a history of heart failure docu-
mentation by any physician or documentation in the cohort
database; and death record of heart failure as the primary cause
of death. A probable heart failure event was defined by any of
the following: provincial database documentation of heart failure
only, or history of heart failure documentation by a nonspecialist
(i.e., rheumatologist). A possible heart failure event was defined
by any of the following: only cohort database documentation with
no additional supportive documents available; positive test results
but no additional documentation; cause of death reported as
heart failure only by nonmedical personnel (i.e., family member).
Events not meeting any of the aforementioned criteria were
excluded (i.e., inconsistencies between documentation in cohort
database and medical records).

Risk factors of heart failure. Both traditional cardiovas-
cular risk factors and psoriatic disease–related variables were
assessed as risk factors of heart failure events from the time of
entry into the cohort until the last visit prior to the heart failure
event (in patients who developed heart failure) or the visit prior to
the last date known to be alive (in patients who remained event-
free). Traditional cardiovascular risk factors were defined based
on the use of medications or findings on physical examination or
laboratory tests. The following traditional cardiovascular risk fac-
tors were assessed: sex, smoking (current, past, or never), diabe-
tes mellitus, prior history of hypertension based on patient report
and/or the use of antihypertensive medications, measured sys-
tolic blood pressure, body mass index (BMI), levels of triglycer-
ides, and total cholesterol. In addition, an established history of
ischemic heart disease (angina, MI, or coronary revascularization)
was considered as an additional risk factor of heart failure.

The following psoriatic disease–related variables were
assessed: tender joint count (TJC) and swollen joint count (SJC),
clinically damaged joint count (defined as the presence of limitation
of range of movement of >20% of the range not related to the pres-
ence of joint effusion, the presence of joint deformity, subluxation,
loosening or ankylosis), Psoriasis Area and Severity Index (PASI),
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP)
level, Health Assessment Questionnaire (HAQ) disability index,
patient pain score, patient global assessment (PtGA) of arthritis,
and minimal disease activity (MDA) state (defined by the presence
of at least 5 of the following 7 items: TJC ≤1, SJC ≤1, PASI score
of ≤1 or body surface area covered by psoriasis ≤3%, patient pain
visual analog scale [VAS] score of ≤15, PtGA VAS score of ≤20,
HAQ score of ≤0.5, and tender entheseal points ≤1) (22).

Chart reviews. Structured chart abstraction was per-
formed by a single investigator (SK) for any heart failure with avail-
able records to identify clinical, ECG, and TTE findings. Clinical
variables that were assessed included documented cause of
underlying heart failure (ischemia, nonischemic cardiomyopathy,
valvular abnormalities, arrhythmia, other) during the heart failure
event, revascularization procedure during the heart failure event
(percutaneous coronary intervention or coronary artery bypass),
and death from a heart failure event. ECG variables assessed
were left and right bundle branch blocks, nonspecific intraventric-
ular conduction delay, any degree of atrioventricular heart block,
left and right ventricular hypertrophy, atrial flutter, atrial fibrillation,
evidence of previous MI (pathologic Q waves), nonspecific ST-T
wave abnormalities, and the presence of a pacemaker. Echocar-
diographic variables that were assessed included ejection frac-
tion, systolic dysfunction (ejection fraction <40%), preserved
ejection fraction (ejection fraction >40%), concentric remodeling,
left or right ventricular hypertrophy, left or right ventricular dilation,
regional or global wall motion abnormalities, right and left atrial
dilation, and valvular abnormalities. If ECG or TTE reports were
not available at the time of the heart failure event, the closest
recorded measurements from within 3 months after the event
were used.

Statistical analysis. Descriptive statistics were computed
for baseline covariates (at cohort entry) with continuous variables
summarized by their mean ± SDs and categorical variables sum-
marized by proportions. The time from the date of birth to the date
of the first heart failure event was the response of interest; individ-
uals who were event-free at the date they were last known to be
alive were censored at their corresponding age. Non-heart failure
death was considered as a competing event. Nonparametric esti-
mates of the cumulative incidence function for heart failure events
were obtained, with non-heart failure death as a competing risk. In
addition, nonischemic heart failure was considered as a compet-
ing risk for ischemic heart failure and vice versa.

Cox proportional hazards models were fitted with age defin-
ing the time scale and the age at diagnosis of PsA or psoriasis
(depending on the diagnosis) as the left-truncation time (23).
Since the study period spans over 4 decades, patients were
assigned 1 of the following 3 indicators based on the year they
entered into the cohort: period 1 (1978–1990), period 2 (1991–
2005), and period 3 (2006–2017) to adjust for potential secular
effects of the cohort entry date. This indicator was included as a
covariate in the regression model.

To explore the effects of time-dependent covariates, Cox
regression models were fitted with covariates updated at each
clinic visit. In separate Cox regression models, we computed the
cumulative mean value of the covariates and used these as time-
dependent covariates to study the effect of sustained elevation
of the covariate over time. Both standard time-dependent and
time-dependent cumulative mean values were assessed for their
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association with the event in separate regression models to
account for the dynamic nature of these variables over time.
The following variables were considered as time-varying risk
factors of incident heart failure: PASI score, TJC and SJC,
damaged joint count, pain score, HAQ score, MDA, CRP level,
and ESR.

The initial univariate model included each of these risk factors
as a single covariate in the regression model. Subsequently, each
of the above factors was included in a separate multivariable
regression model, adjusting for sex, hypertension, diabetes melli-
tus, BMI, ischemic heart disease, total cholesterol, triglyceride
level, and smoking. All of these variables (except sex) were con-
sidered as time-varying covariates. A composite of any heart fail-
ure event was considered as the primary outcome, while
secondary outcomes were based on the time to the first ischemic

heart failure event and the time to the first nonischemic heart fail-
ure event, which were analyzed separately.

Multiple imputation (using proc MI and proc mianalyze in
SAS) was used to impute missing data in conjunction with the
Cox model. The full conditional specification and predictive mean
matching methods were specified as methods of imputation. The
imputation model included the demographic variables, laboratory
test results, medications, duration of disease, and measures of
skin and joint disease activity as outcomes of interest. Five
imputed data sets were used in the analysis.

RESULTS

A total of 2,205 patients who had >1 visit and were enrolled
into the cohorts from January 1, 1978 to December 31, 2018

Table 1. Baseline characteristics of patients by diagnosis (at study entry)*

No heart
failure

All heart
failure

Ischemic
heart failure

Nonischemic
heart failure

(n = 1,930) (n = 64) (n = 38) (n = 26)

PsA, no. (%) 1,349 (69.9) 60 (93.8) 36 (94.7) 24 (92.3)
Cutaneous psoriasis, no. (%) 581 (30.1) 4 (6.2) 2 (5.3) 2 (7.7)
Age, years 45.0 ± 13.2 53.6 ± 12.7 56.1 ± 11.6 49.9 ± 13.5
Male, no. (%) 1,082 (56.1) 35 (54.7) 25 (65.8) 10 (38.5)
Smoking status, no. (%)
Current 440 (22.8) 18 (28.1) 13 (34.2) 5 (19.2)
Past 506 (26.2) 16 (25) 11 (28.9) 6 (23.1)

Caucasian 1,608 (83.3) 58 (90.6) 35 (92.1) 23 (88.5)
Year of study entry, no. (%)
1978–1995 334 (91.5) 31 (8.5) 18 (4.9) 13 (3.6)
1996–2005 448 (95.1) 23 (5) 14 (3) 9 (1.9)
2006–2017 1,154 (99.1) 10 (0.9) 6 (0.5) 4 (0.3)

Diabetes mellitus, no. (%) 103 (5.3) 11 (17.2) 7 (18.4) 4 (15.4)
Hypertension, no. (%) 306 (15.9) 25 (39.1) 15 (39.5) 10 (38.5)
Body mass index, kg/m2 28.3 ± 6 30.3 ± 5.7 30.2 ± 6.2 30.6 ± 5
Cholesterol, mmol/liter 5.0 ± 1.1 5.2 ± 1.2 5.3 ± 1.2 5.1 ± 1.2
Triglycerides, mmol/liter 1.7 ± 1.1 2 ± 1.1 2 ± 1 2 ± 1.1
Ischemic heart disease 33 ± 1.7 9 ± 14.1 9 ± 23.7 0 ± 0
Duration of PsA, years 6.2 ± 7.7 9.7 ± 11.6 9.4 ± 10.8 10.1 ± 12.9
Duration of psoriasis, years 15.8 ± 13.2 17.7 ± 15.2 16.2 ± 15.3 19.9 ± 15
Tender joint count (0–68) 4.8 ± 7.8 8.5 ± 10.2 7.0 ± 7.4 10.6 ± 13.2
Swollen joint count (0–66) 2.4 ± 4.3 3.3 ± 6.3 2.1 ± 3 5.2 ± 9
Damaged joint count (0–68) 1.7 ± 5.6 4 ± 7.6 3.3 ± 7.7 5.1 ± 7.4
ESR, mm/hour 19.2 ± 19.3 28.8 ± 23 25.3 ± 23.1 33.9 ± 22.2
C-reactive protein level, mg/liter 9 ± 15.2 12.9 ± 22.4 13.1 ± 23.6 12.7 ± 21
PASI (0–72) 5.2 ± 7.1 6.7 ± 9.8 6.4 ± 11 7.1 ± 7.9
HAQ (0–3) 0.5 ± 0.6 0.8 ± 0.7 0.8 ± 0.7 0.9 ± 0.7
Pain (0–10) 3.6 ± 2.9 4.6 ± 2.7 4.6 ± 2.8 4.7 ± 2.8
PtGA arthritis (0–10) 3.5 ± 3 4.6 ± 2.9 4.5 ± 3 4.8 ± 2.7
MDA state, no. (%) 792 (41) 13 (20.3) 9 (23.6) 5 (19.2)
Methotrexate, no. (%) 270 (14) 3 (4.7) 3 (7.9) 0 (0)
Prednisone, no. (%) 52 (2.7) 5 (7.8) 3 (7.9) 2 (7.7)
Leflunomide, no. (%) 20 (1) 1 (1.6) 0 (0) 1 (3.9)
Sulfasalazine, no. (%) 51 (2.6) 4 (6.3) 4 (10.5) 0 (0)
TNF inhibitor, no. (%) 80 (4.2) 0 (0) 0 (0) 0 (0)
IL-17 inhibitor, no. (%) 1 (0.1) 0 (0) 0 (0) 0 (0)
IL-12/23 inhibitor, no. (%) 12 (0.6) 0 (0) 0 (0) 0 (0)

* Values are the mean ± SD unless indicated otherwise. All baseline characteristics were measured at time of entry
into the cohort. BP = blood pressure; ESR = erythrocyte sedimentation rate; HAQ = Health Assessment Question-
naire; IL = interleukin; MDA = minimal disease activity; PASI = Psoriasis Area and Severity Index; PsA = psoriatic
arthritis; PtGA = patient global assessment; TNF = tumor necrosis factor.
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were identified. Seven patients were excluded because they had
developed a heart failure event prior to the first visit in the clinic,
and 204 patients were excluded due to <1 year of follow-up. A
total of 1,994 patients with psoriatic disease were analyzed. The
2 cohorts had a total of 22,437 person-years of follow-up, with a
mean of 11.3 ± 8.7 years per person. The characteristics of the
study population at baseline are summarized in Table 1.

Cumulative incidence of heart failure events in
psoriatic disease. During the follow-up period, a total of
64 new heart failure events occurred (38 ischemic, 26 nonis-
chemic). As expected, the risk of developing a heart failure event

increased with age. The incidence rate of first heart failure event
was 2.85 per 1,000 patient-years. The cumulative incidence of
all heart failure events was 4.1% by age 70 years, 10.2% by age
80 years, and 22.5% by age 90 years. The cumulative incidence
of ischemic heart failure events was numerically higher than nonis-
chemic heart failure events in each age group. The rise in heart
failure events in female patients lagged by a decade compared
to male patients (eighth decade in women versus seventh decade
in men) (Table 2 and Figure 1).

Risk factors of heart failure events in univariate
analysis. In univariate analysis, traditional cardiovascular risk

Table 2. Estimated cumulative incidence of developing a heart failure event in psoriatic disease*

All heart failure Ischemic heart failure Nonischemic heart failure

Age, years Overall Male Female Overall Male Female Overall Male Female

50 0.3 0.2 0.4 0.1 0.1 0.0 0.3 0.1 0.4
60 1.5 1.3 1.6 0.6 1.0 0.2 0.8 0.3 1.4
70 4.1 5.5 2.5 2.3 3.8 0.6 1.7 1.6 1.9
80 10.2 10.3 9.8 5.9 6.0 5.3 4.2 4.0 4.4
90 22.5 26.2 20.4 16.4 21.9 13.1 5.8 4.0 7.1

* Values are the percentage.

Figure 1. Cumulative incidence of experiencing various events by sex in patients with psoriatic disease. A, All heart failure, B, Ischemic heart fail-
ure, and C, nonischemic heart failure.
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factors, including diabetes mellitus, hypertension, and hypercho-
lesteremia, as well as a history of ischemic heart disease, were
associated with all heart failure events (Table 3). In addition, the
following measures of psoriatic disease activity were associated
with all heart failure events: TJC, adjusted mean TJC, SCJ,
adjusted mean SJC, adjusted mean PASI, ESR, adjusted mean
ESR, adjusted mean CRP level, HAQ score, and pain scores.
Patient global assessment was an additional risk factor of nonis-
chemic heart failure. Achieving MDA and adjusted mean time
spent in MDA state were protective against all heart failure.

Risk factors of heart failure in multivariable analy-
sis. The following variables were independent risk factors for all
heart failure events in the multivariable analysis (Table 4): ischemic
heart disease (hazard ratio [HR] 5.52 [95% confidence interval
(95% CI) 2.97–10.17]), TJC (HR 1.46 [95% CI 1.12–1.90]),
adjusted mean TJC (HR 1.50 [95% CI 1.07–2.11]), adjusted
mean SJC (HR 1.93 [95% CI 1.02–3.67]), ESR (HR 1.19 [95%
CI 1.05–1.35]), adjusted mean ESR (HR 1.27 [95% CI 1.08–
1.50]), adjusted mean CRP level (HR 1.28 [95% CI 1.04–1.58]),

and HAQ score (HR 1.99 [95% CI 1.35–2.94]), while MDA was
protective for all heart failure (HR 0.39 [95% CI 0.17–0.89]). When
the analysis was restricted to nonischemic heart failure, the
adjusted effect size of disease activity measures numerically
increased (Table 4). The following variables were risk factors of
nonischemic heart failure after controlling for traditional heart fail-
ure risk factors: pain score, TJC, adjusted mean TJC, adjusted
mean SJC, PASI score, ESR, and adjusted mean ESR. As
expected, the strongest risk factor of ischemic heart failure was
prior ischemic heart disease (HR 19.29 [95% CI 7.84–47.94]),
and additional independent risk factors included adjusted mean
ESR, adjusted mean CRP level, and HAQ score.

ECG and echocardiographic findings. A total of 41 of
the 64 patients had available clinical information on the cause of
heart failure events. The underlying etiologies of nonischemic
heart failure (n = 26) were nonischemic dilated cardiomyopathy
(n = 7), infection (n = 4), hypertension (n = 3), arrhythmias (n = 3),
valvular abnormalities (n = 2), drug-induced heart failure (n = 1),
alcohol-induced cardiomyopathy (n = 1), and chemotherapy

Table 3. Estimates from fitting univariable Cox proportional hazards model with age as the time scale (n = 1,991 [n = 64 events])*

All heart failure Ischemic heart failure Nonischemic heart failure
(n = 64 events) (n = 38 events) (n = 26 events)

Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P

Male 1.30 (0.78–2.14) 0.31 2.11 (1.07–4.16)† 0.03† 0.60 (0.27–1.33) 0.20
Smoking‡
Current vs. never 1.40 (0.63–3.12) 0.40 3.00 (1.09–8.17)† 0.03† 0.52 (0.15–1.82) 0.30
Past vs. never 1.13 (0.64–2.05) 0.66 1.92 (0.86–4.26)† 0.11† 0.54 (0.21–1.44) 0.22

Diabetes mellitus‡ 3.42 (1.97–5.92)† <0.0001† 4.17 (2.12–8.21)† <0.0001† 2.30 (0.85–6.26) 0.10
Hypertension‡ 3.06 (1.80–5.31)† <0.0001† 4.53 (2.10–9.75)† 0.0001† 1.99 (0.88–4.53) 0.09
Body mass index, kg/m2‡ 1.04 (1.00–1.09) 0.056 1.02 (0.96–1.08) 0.55 1.08 (1.01–1.15)† 0.02†
Cholesterol, mmol/liter‡ 0.76 (0.59–0.96)† 0.02† 0.75 (0.55–1.01) 0.06 0.79 (0.54–1.17) 0.24
Triglycerides, mmol/liter‡ 1.13 (0.91–1.43) 0.25 1.28 (0.99–1.63) 0.06 1.00 (0.68–1.46) 0.97
Ischemic heart disease‡ 7.76 (4.61–13.19)† <0.0001† 25.1 (11.5–54.5)† <0.0001† 0.40 (0.05–3.03) 0.37
TJC (0–68)§ 1.55 (1.21–1.97)† 0.0004† 1.54 (1.12–2.14)† 0.008† 1.65 (1.19–2.32)† 0.004†
AM TJC (0–68)¶ 1.70 (1.27–2.29)† 0.0004† 1.61 (1.07–1.41)† 0.02† 1.92 (1.32–2.80)† 0.0007†
SJC (0–66)§ 1.97 (1.12–3.46)† 0.02† 1.99 (0.98–4.10) 0.057 2.32 (1.01–5.31)† 0.05†
AM SJC (0–66)¶ 2.25 (1.34–3.97)† 0.005† 1.62 (0.62–4.26) 0.33 3.46 (1.77–6.62)† 0.0003†
PASI (0–72)§ 1.24 (0.82–1.90) 0.30 0.86 (0.42–1.77) 0.69 1.55 (0.97–2.48) 0.06
AM PASI (0–72)¶ 1.70 (1.15–2.50)† 0.008† 1.88 (1.10–3.22)† 0.02† 1.60 (0.91–2.80) 0.10
Damaged joint count§ 1.17 (0.99–1.38) 0.06 1.19 (0.96–1.45) 0.11 1.26 (0.99–1.60) 0.06
ESR, mm/hour§ 1.17 (1.05–1.32)† 0.004† 1.10 (0.93–1.30) 0.24 1.28 (1.11–1.49)† 0.0009†
AM ESR, mm/hour¶ 1.17 (1.01–1.38)† 0.035† 1.12 (0.91–1.36) 0.29 1.28 (1.06–1.57)† 0.01†
CRP level, mg/liter§ 1.12 (0.98–1.27) 0.09 1.10 (0.91–1.32) 0.31 1.13 (0.88–1.43) 0.33
AM CRP level, mg/liter¶ 1.26 (1.03–1.51)† 0.02† 1.25 (1.02–1.52)† 0.03† 1.26 (0.92–1.72) 0.13
HAQ (0–3)‡ 2.36 (1.61–3.45)† <0.0001† 2.66 (1.70–4.17)† <0.0001† 2.22 (1.13–4.39)† 0.02†
Pain score (0–10)‡ 1.16 (1.01–1.34)† 0.04† 1.12 (0.98–1.30) 0.09 1.26 (1.05–1.51)† 0.01†
PtGA arthritis (0–10)‡ 1.13 (1.00–1.30) 0.06 1.11 (0.97–1.27) 0.11 1.22 (1.03–1.46)† 0.02†
MDA state‡ 0.37 (0.15–0.90)† 0.03† 0.41 (0.17–0.99)† 0.047† 0.24 (0.06–0.87)† 0.03†
AM time in MDA state# 0.37 (0.14–0.97)† 0.04† 0.34 (0.12–0.97)† 0.04† 0.29 (0.07–1.15) 0.08

* 95% CI = 95% confidence interval; AM = adjusted mean; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; HAQ = Health
Assessment Questionnaire; HR = hazard ratio; MDA = minimal disease activity; PASI = Psoriasis Area and Severity Index; PtGA = patient global
assessment; SJC = swollen joint count; TJC = tender joint count.
† Statistically significant.
‡ Time-varying covariate.
§ 10 units increase; time-varying covariate.
¶ 10 units increase.
# Time-dependent mean variable.
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(n = 1). There were 4 patients without a documented etiology for
nonischemic heart failure. Seventeen patients of the 64 had a
revascularization procedure with coronary artery bypass or per-
cutaneous coronary intervention. Three patients died due to their
heart failure event. The most common ECG findings were patho-
logic Q wave (infarcts), atrial fibrillation, and bundle branch blocks
(Table 5). TTE revealed preserved ejection fraction in 63% of the
patients and systolic dysfunction (reduced ejection fraction) in
37% (Table 5).

DISCUSSION

The association between psoriatic disease and cardiovascu-
lar diseases is well established. However, the literature regarding
psoriatic disease and heart failure is limited. In this study we

investigated the incidence and risk factors of heart failure events
in a large, well phenotyped cohort of patients with psoriatic dis-
ease over a period of 40 years. We found a higher incidence of
heart failure events in our population (2.85 per 1,000 patient-
years) compared to the general population in the same province
(1.93 per 1,000 patient-years) as reported in a recent study (24).
Although the risk of developing heart failure was explained in part
by traditional cardiovascular risk factors and prior ischemic heart
disease, the burden of systemic inflammation and the level of dis-
ease activity were independent risk factors of heart failure events.
Few population-based studies have shown that the risk of devel-
oping heart failure events in patients with psoriatic disease is
higher than the general population (8,11). A meta-analysis found
that patients with PsA have a 32% increased risk of developing
heart failure compared to the general population (8). Patients with

Table 4. Regression estimates from fitting multivariable Cox proportional hazards models with age as the time scale (n = 1,991
[n = 64 events])*

All heart failure Ischemic heart failure Nonischemic heart failure
(n = 64 events)† (n = 38 events)‡ (n = 26 events)§

Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P

TJC (0–68)¶ 1.46 (1.12–1.90)# 0.005# 1.35 (0.87–2.07) 0.17 1.62 (1.13–2.29)# 0.008#
AM TJC (0–68)** 1.50 (1.07–2.11)# 0.02# 1.13 (0.64–1.99) 0.67 1.80 (1.20–2.75)# 0.005#
SJC (0–66)¶ 1.62 (0.90–2.91) 0.11 1.52 (0.58–3.38) 0.31 2.46 (0.99–6.17) 0.05
AM SJC (0–66)** 1.93 (1.02–3.67)# 0.04# 1.36 (0.47–3.93) 0.57 4.35 (2.03–9.30)# 0.0002#
PASI (0–72)¶ 1.17 (0.77–1.78) 0.46 0.82 (0.39–1.75) 0.62 1.66 (1.03–2.70)# 0.04#
AM PASI (0–72)** 1.43 (0.92–2.22) 0.11 1.34 (0.69–2.61) 0.39 1.70 (0.96–3.00) 0.07
Damaged joint count¶ 1.13 (0.94–1.32) 0.22 1.05 (0.82–1.32) 0.71 1.27 (0.98–1.67) 0.08
ESR, mm/hour¶ 1.19 (1.05–1.35)# 0.005# 1.10 (0.90–1.33) 0.35 1.28 (1.09–1.49)# 0.002#
AM ESR, mm/hour** 1.27 (1.08–1.50)# 0.004# 1.28 (1.01–1.63)# 0.046# 1.27 (1.01–1.60)# 0.049#
CRP level, mg/liter¶ 1.12 (0.97–1.29) 0.14 1.08 (0.84–1.47) 0.52 1.14 (0.89–1.46) 0.31
AM CRP level, mg/liter** 1.28 (1.04–1.58)# 0.02# 1.34 (1.01–1.87)# 0.04# 1.26 (0.91–1.71) 0.15
HAQ (0–3)†† 1.99 (1.35–2.94)# 0.0005# 2.18 (1.26–3.78)# 0.006# 2.12 (0.97–4.66) 0.06
Pain score (0–10)†† 1.14 (0.99–1.31) 0.07 1.08 (0.94–1.28) 0.32 1.23 (1.01–1.52)# 0.04#
PtGA arthritis (0–10)†† 1.12 (0.99–1.26) 0.07 1.06 (0.93–1.22) 0.37 1.20 (0.99–1.46) 0.07
MDA state†† 0.39 (0.17–0.89)# 0.03# 0.42 (0.17–1.04) 0.06 0.26 (0.06–1.07) 0.06
% of time in MDA state‡‡ 0.44 (0.17–1.15) 0.10 0.46 (0.12–1.68) 0.24 0.34 (0.07–1.71) 0.19

* 95% CI = 95% confidence interval; AM = adjusted mean; BMI = body mass index; CRP = C-reactive protein; ESR = erythrocyte
sedimentation rate; HAQ = Health Assessment Questionnaire; HR = hazard ratio; MDA = minimal disease activity;
PASI = Psoriasis Area and Severity Index; PtGA = patient global assessment; SJC = swollen joint count; TJC = tender joint count.
† Adjusted for sex, hypertension, diabetes mellitus, body mass index (BMI), ischemic heart disease (IHD), cholesterol, triglycer-
ides, smoking, and decade.
‡ Adjusted for sex, hypertension, diabetes mellitus, IHD, smoking, cholesterol, triglycerides, and decade.
§ Adjusted for sex, hypertension, diabetes mellitus, BMI, and decade.
¶ 10 units increase; time-varying covariate.
# Statistically significant in multivariable analysis.
** 10 units increase. Time-dependent mean variable.
†† Time-varying covariate.
‡‡ Time-dependent mean variable.

Table 5. Electrocardiographic (ECG) and echocardiographic findings in psoriatic disease patients with heart failure
events

ECG variable Percentage of patients Echocardiographic variable Percentage of
patients(n = 49) (n = 41)

Pathologic Q waves (old infarcts) 33 Reduced ejection fraction 37
Bundle branch blocks 29 Preserved ejection fraction 63
Atrial fibrillation 22 Wall motion abnormalities 61
Left ventricular hypertrophy 12 Left ventricular hypertrophy 41
Atrioventricular block 12 Valvular abnormalities 32
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psoriasis have a similarly increased risk between 20% and 60%
(11,12). Generally, the risk of heart failure was increased with the
severity and duration of psoriasis (11,12). To date, no such risk
factors have been identified in PsA. We also found that the rise
in heart failure events in women lagged by a decade compared
to men in our cohort, especially in ischemic heart failure. This find-
ing is interesting because women in the general population also
develop heart failure and coronary artery disease approximately
5–10 years later than men (25,26). Furthermore, women are more
likely to have heart failure with preserved ejection fraction com-
pared to heart failure with reduced ejection fraction, which may
explain why we did not see sex differences in the onset of nonis-
chemic heart failure (25–28).

We identified the fact that measures of psoriatic disease
activity, both at a single time point and cumulative levels over time,
were associated with the occurrence of heart failure events inde-
pendent of traditional cardiovascular risk factors. Moreover, a
composite outcome measure of PsA activity, MDA state, was
protective from heart failure events. These findings are in line with
previous observations demonstrating that exposure to an
increased burden of inflammation over time is associated with
more severe atherosclerosis in patients with PsA (29,30). Bio-
markers of systemic inflammation predict the development of car-
diovascular events in the general population and in patients with
rheumatoid arthritis (RA) (31–33). Patients with psoriatic disease
generally have lower levels of inflammatory markers compared
with patients with RA. However, in our study, higher levels of both
ESR and CRP were independently associated with the develop-
ment of heart failure events. The severity of psoriasis, a previously
reported predictor of cardiovascular events (34,35), was associ-
ated with nonischemic heart failure in our study.

Interestingly, we identified the fact that the strength of asso-
ciation of disease activity measures tended to be higher when
the analysis was restricted to nonischemic heart failure compared
to ischemic heart failure. This finding suggests that the effect of
systemic inflammation on heart failure may be partially indepen-
dent of atherosclerotic disease. Recently, the role of inflammation
in the development and progression of heart failure has become
clearer. Heart failure development, especially with preserved ejec-
tion fraction, has been attributed to a sustained proinflammatory
cytokine signaling and elevated levels of tumor necrosis factor
(TNF), interferon gamma, interleukin (IL)-1β, IL-6, IL-17, and IL-
18, resulting in coronary microvascular endothelial inflammation.
This proinflammatory milieu reduces nitric oxide bioavailability,
cyclic guanosine monophosphate content, and protein kinase G
activity in adjacent cardiomyocytes, which ultimately favors the
development of hypertrophy and increases interstitial fibrosis,
contributing to ventricular stiffness, functional alterations, and
heart failure development (36,37).

The concept of “epicardial adipose inflammation” suggests
that chronic systemic inflammation activates epicardial fat to pro-
duce adipocytokines (leptin, TNF, IL-1β, IL-6) that are transmitted

directly to underlying tissues, leading to volume stress, fibrosis, and
decreased chamber accommodation (16,17). Furthermore, the
dysfunctional epicardial adipose tissue may abut the left ventricle,
resulting in ventricular myopathy, characterized by impaired car-
diac distensibility and leading to heart failure with preserved ejec-
tion fraction. Therefore, a systemic inflammatory state in patients
with psoriatic disease conceivably may confer an increased risk of
heart failure that is independent of traditional risk factors.

Our descriptive analysis revealed that the most common
ECG findings in patients with heart failure events are the presence
of arrhythmias, left ventricular hypertrophy, and previous Q wave
infarcts. These findings are in line with studies that have reported
ECG changes in patients with psoriatic disease (38–40), but these
were not restricted to patients with heart failure. In our cohort,
63% of patients with heart failure events had preserved ejection
fraction on TTE. This finding is slightly higher than previously
reported values, which range from 36% to 60% (15,41,42), but
all studies were limited by a small study size. Several studies have
also shown that the presence of arthritis and the duration of pso-
riasis were significantly correlated with the presence of impaired
diastolic filling, subclinical myocardial deformation, and minimal
segmental ischemic injury, all hallmarks of heart failure with pre-
served ejection fraction (14,41,43).

Advanced echocardiographic studies, which can detect
subclinical myocardial disease otherwise not detectable by con-
ventional TTE, have demonstrated that PsA patients without
clinically evident cardiovascular disease or classical risk factors
have a higher prevalence of subclinical left ventricular dysfunc-
tion compared to controls (15). Patients with PsA had multilayer
myocardial involvement, including thickened posterior wall,
increased relative wall thickness, and a higher prevalence of
concentric remodeling, which likely occurs due to a different
pathologic mechanism from ischemic heart disease in the early
stages (14,15,43,44). These findings provide further support to
the concept of sustained chronic inflammation from psoriatic
disease as an independent risk factor in the development of
heart failure.

Our study had several potential limitations. This is a single-
center study with a relatively small number of events, which may
have limited our ability to estimate the true effect size of several
disease-related variables and identify further differences between
ischemic and nonischemic heart failure. Another limitation is the
fact that this is not an inception cohort, and thus we could not
account for disease activity prior to the first visit to the clinic. The
strength of this study is the large sample of patients, with compre-
hensive and accurate phenotyping of patients that allowed an
estimation of the inflammatory burden of disease over time.
Furthermore, we have complete capture of data due to linkage
with administrative databases and event confirmation through
chart reviews.

In summary, we have found that a significant proportion of
patients with psoriatic disease develop a heart failure event at
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some point in the course of their disease. Among patients with
psoriatic disease, an increased risk of heart failure is associated
with a combination of traditional cardiovascular risk factors, prior
ischemic heart disease, and disease activity. These results
support the proposition of the independent effects of psoriatic dis-
ease on the risk of developing heart failure, especially nonischemic
heart failure, mediated through inflammatory mechanisms. These
results also highlight the importance of controlling all traditional car-
diovascular risk factors as well as targeting for MDA, which can
potentially reduce the risk of heart failure in psoriatic disease.
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Comparative Efficacy of Different Triage Methods for
Psoriatic Arthritis: Results From a Prospective Study
in a Rapid Access Clinic

Samantha Sarabia,1 Chandra Farrer,2 Jensen Yeung,2 Dana Jerome,2 Richard J. Cook,3 and Lihi Eder2

Objective. We undertook this study to identify the optimal combination of triage methods to identify psoriatic arthri-
tis (PsA) among psoriasis patients with musculoskeletal symptoms in a rapid access clinic and to describe their out-
come after 1 year.

Methods. Patients with psoriasis and no prior diagnosis of PsA were referred for assessment of their musculoskel-
etal symptoms. Each patient was assessed by the following 3 triage modalities: 1) assessment by an advanced prac-
tice physical therapist; 2) targeted musculoskeletal ultrasound (MSK-US); and 3) PsA screening questionnaires. The
patients were then evaluated by a rheumatologist who determined the patient’s disease status and classified them into
the following groups: not PsA, possibly PsA, or PsA. Patients returned for a 1-year follow-up visit and were reassessed
for change in their disease status. Sensitivity and specificity were calculated for each individual modality, as well as for
combinations of modalities.

Results. A total of 203 patients with psoriasis and musculoskeletal symptoms were enrolled. The percentage of
patients classified as having PsA was 8.8%, and 23.6%were converted into the possibly PsA group. There was no sig-
nificant difference in the individual performance of the modalities. The highest sensitivity was seen with MSK-US
(89%), and the highest specificity was found with the Psoriatic Arthritis Screening and Evaluation questionnaire
(79%). The addition of MSK-US data improved the performance of the modalities. A total of 9 patients were classified
into the PsA group after 1 year. All patient-reported outcome measures had significantly improved at 1 year (P < 0.001).

Conclusion. Combining MSK-US with a screening questionnaire for PsA improved the triage of patients with
suspected PsA.

INTRODUCTION

Psoriatic arthritis (PsA) is an inflammatory musculoskeletal

condition that affects up to one-third of people with psoriasis (1).

While earlier diagnosis of PsA has been shown to result in better

long-term outcomes, delayed diagnosis remains a major problem

that contributes to poor patient outcomes (2,3). A number of fac-

tors can contribute to this delay in diagnosis, including wait time

for access to rheumatology care, coexistence of noninflammatory

musculoskeletal diseases (e.g., osteoarthritis), presentation with

nonspecific musculoskeletal symptoms, and lack of objective

laboratory tests to aid in diagnosis in the early stages of the dis-

ease (3).
The limited accessibility to rheumatology care does not per-

mit timely assessment of each psoriasis patient with musculoskel-

etal symptoms. To date, efforts to improve early diagnosis of PsA

have concentrated primarily on developing methods for early

detection of potential PsA cases in psoriasis patients. Since a

considerable proportion of the psoriasis patients with musculo-

skeletal symptoms do not have PsA, but rather have other nonin-

flammatory rheumatic conditions, such as osteoarthritis (4), these

methods have been developed to help dermatologists and family
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physicians screen these patients and prioritize rheumatology

referral of potential PsA cases (5).
In order to streamline the diagnosis of PsA, a new strategy is

needed. Newmodels of care and novel diagnostic modalities may
be useful in reducing the gap between presentation of symptoms
and diagnosis. Previous research has indicated that a central tri-
age system might be beneficial in reducing wait times for diagno-
ses in patients with rheumatologic conditions (6).

The emergence of models of care utilizing the skills of allied
health professionals in extended clinical roles to manage arthritis
care has evolved partly as a result of limited access to rheumatol-
ogy care (7). This strategy has been utilized to improve timely
access to care by performing early triage of patients with sus-
pected inflammatory arthritis (8). Such models of care, in which
individuals were initially assessed by an allied health professional
before their appointment with rheumatologists, found high levels
of agreement in classifying patients as having inflammatory arthritis
between the allied health professional and the rheumatologist
(9,10). To the best of our knowledge, the efficacy of such a central
triage model in psoriasis patients with musculoskeletal symptoms
has not been evaluated to date.

Another potential diagnostic and triage tool for PsA is mus-
culoskeletal ultrasound (MSK-US). MSK-US is becoming an
increasingly common tool used to aid in the diagnosis of patients
with rheumatic conditions as it becomes more portable and less
expensive. MSK-US has been proven reliable in detecting a num-
ber of inflammatory lesions such as synovitis, tenosynovitis, and
enthesitis (11,12). In addition, it has been shown to correlate well
with magnetic resonance imaging findings and to be more reliable
than the physical examination in the assessment of musculoskel-
etal symptoms (13,14). We previously suggested that MSK-US
may provide additional valuable information to currently used
modalities to aid in diagnosing PsA at an earlier stage (15). This
highlights the potential use of MSK-US as point of care for
patients at very early stages of their disease; however, the specific
role of MSK-US as a triage tool for patients with suspected PsA
has not been widely assessed.

Several screening questionnaires may also be valuable in
assessing patients who are suspected to have PsA. Several
questionnaire-style screening tools have been developed so that

non-rheumatologists can identify psoriasis patients who might
have PsA and refer them to a rheumatologist for definite diagnosis
(16–19). Several screening questionnaires have undergone vali-
dation; however, despite acceptable reliability in the development
phases, the performance of these questionnaires in subsequent
independent study populations was only moderate (19). In addi-
tion, their use in conjunction with other tools, such as MSK-US
has not been evaluated.

The primary aim of this proof-of-concept study is to assess
the efficacy of the following modalities alone, or in combination,
to identify PsA among psoriasis patients with musculoskeletal
symptoms referred to a rapid access clinic: 1) PsA screening
questionnaires, 2) clinical assessment by an advanced practice
physical therapist (APP), and 3) targeted MSK-US. A second
study aim was to describe the outcome of study patients after
1 year and to assess whether any of these modalities predicted
the development of PsA. Overall, we aimed to develop a stream-
lined approach to PsA diagnosis, which is expected to reduce
wait times, improve long-term outcomes, and reduce the burden
on the health care system.

PATIENTS AND METHODS

Setting and study population. This is a single-center,
prospective cohort study conducted in an academic medical cen-
ter in Toronto, Canada. The study included patients referred to a
rapid access clinic for suspected PsA. This clinic was developed
in collaboration with the dermatology and family medicine depart-
ments at Women’s College Hospital in Toronto to enhance earlier
diagnosis of PsA among psoriasis patients by facilitating rapid
access to rheumatology consultation. In Canada, patients require
physician referral to access rheumatology services. The clinic typ-
ically receives referrals from dermatologists and family physicians
for psoriasis patients suspected of having PsA. These referrals
are sorted by the level of suspicion of PsA based on the clinical
information provided in the referral letter, and patients are typically
seen in the clinic within 4–8 weeks. This proof-of-concept study
evaluated the potential efficacy of a novel triage method consider-
ing a novel method of self-referral of psoriasis patients in addition
to the conventional referral method by a physician.

Patients with psoriasis who were experiencing musculoskel-
etal symptoms and did not have a prior diagnosis of PsA were
enrolled. Potential participants were recruited from the dermatol-
ogy clinics and the Phototherapy Education and Research Cen-
tre, as well as the family medicine clinics at Women’s College
Hospital in Toronto. Patient recruitment for this study consisted
of both self-referral and direct-referral systems. In the self-referral
system, patients with a diagnosis of psoriasis who had visited 1
of the participating clinics between February 2015 and December
2017 were identified through a search in the clinic’s electronic
medical records. These patients were contacted via mail invitation
to participate in the study if they were currently experiencing

SIGNIFICANCE & INNOVATIONS
• Musculoskeletal ultrasound was found to be the

most sensitive triage tool, and the Psoriatic Arthritis
Screening and Evaluation questionnaire was the
most specific.

• Combining triage modalities, such as musculoskele-
tal ultrasound with a screening questionnaire or
physical therapist assessment, improved the identi-
fication of patients with psoriatic arthritis among
psoriasis patients with musculoskeletal symptoms.
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musculoskeletal pain. Patients were asked to respond by mail or
through an online form and identify whether 1) they were experi-
encing back, joint, or tendon symptoms and 2) they were willing
to participate in the study. Only patients who responded “yes”
to both of these questions were invited to participate. In addition,
participating dermatologists and family physicians had the option
to directly refer patients who had psoriasis and were experiencing
musculoskeletal symptoms. All participating patients were evalu-
ated by a rheumatologist (see detailed description below) and
those classified as not having PsA or possibly having PsA at base-
line were reassessed after 1 year to determine whether there had
been a change in their PsA status. The study was approved by
the Women’s College Hospital Ethics Board, and all patients gave
their informed consent (REB #2016-0043).

Data collected. At the initial visit, all patients were
assessed in the rapid access clinic to determine whether they
had PsA. The study assessed the performance of a novel central
triage system as part of the clinic and included the following
modalities: 1) assessment by an APP, 2) targeted MSK-US
assessment, and 3) three screening questionnaires for PsA. The
participants were classified by each modality as high likelihood
(HL) PsA or low likelihood (LL) PsA. The HL and LL classifications
were given because these modalities cannot provide a firm diag-
nosis, unlike assessment by a rheumatologist.

Following this assessment, each participant was evaluated
by a rheumatologist, irrespective of the results of the central triage
methods, to determine whether the participant had PsA. The
rheumatologist and APP examinations were performed indepen-
dently of each other and without knowledge of MSK-US and
screening questionnaires results. The physical therapist was also
blinded to the radiographic and laboratory test results. The
assessment included taking the medical history and performing
a musculoskeletal examination of 68 and 66 joints for tenderness
and swelling, respectively. Additionally, enthesitis was assessed
according to the Spondyloarthritis Research Consortium of
Canada enthesitis index (20), and the presence and number of
dactylitic digits were recorded. In addition, the extent of psoriasis
was assessed by the Psoriasis Area and Severity Index, and the
presence of psoriatic nail lesions was recorded. The following lab-
oratory tests were performed: C-reactive protein level, erythrocyte
sedimentation rate, and rheumatoid factor. A standard set of
radiographs was obtained for each participant, including the
hands, feet, and whole spine (including the sacroiliac joints), and
the results were reported by the hospital’s musculoskeletal radiol-
ogists. The APP (CF) had previously completed the Advanced Cli-
nician Practitioner in Arthritis Care program and had 10 years of
experience in working with rheumatic patients. She was also spe-
cifically trained to perform the musculoskeletal assessments
required for this study. The rheumatologist classified each patient
at the end of the visit to one of the following 3 categories: 1) PsA,
2) not PsA, or 3) possibly PsA. The latter category included

patients for whom the diagnosis was suspected based on typical
symptoms (e.g., prolonged morning stiffness, history of joint
swelling) but could not be confirmed after completing the clinical
assessment and reviewing the results of the laboratory tests and
radiographs.

Patients were asked to complete the following 3 screening
questionnaires for PsA: the Psoriatic Arthritis Screening and Eval-
uation (PASE), the Psoriasis Epidemiology Screening Tool (PEST),
and the Toronto Psoriatic Arthritis Screen 2 (ToPAS-2) (16,17).
These are validated questionnaires developed as screening tools
for PsA, consisting of questions on particular features typical of
PsA. The suggested cutoff levels for each questionnaire were
used to classify patients into LL-PsA or HL-PsA groups. Patient-
reported outcomes were also collected (at baseline and 1 year)
using the following questionnaires: level of pain (visual analog
scale [VAS] scored 0–10), the Dermatology Life Quality Index
(DLQI), the Functional Assessment of Chronic Illness Therapy
(FACIT), the Health Assessment Questionnaire (HAQ), and the
patient global assessment (PtGA) of arthritis (VAS 0–10).

The 1-year follow-up visit included only a rheumatologist
assessment that was conducted in a similar fashion to the first
visit. Patients were again converted into the following groups:
1) PsA, 2) not PsA, or 3) possibly PsA. The rheumatologist
was blinded to the MSK-US data from the first visit. The partic-
ipants were again asked to complete patient-reported out-
come questionnaires. Patients who declined to return for a
follow-up visit were allowed to complete the questionnaires
over the phone.

Ultrasound assessment. All the ultrasound assessments
were performed by a single rheumatologist (LE) who has 8 years
of experience in MSK-US. The intrarater reliability of this sonogra-
pher for evaluating musculoskeletal inflammation in psoriasis
patients has been shown in the past (21). A MyLab Twice scanner
(Esaote), equipped with a 6–18 MHz linear transducer was the
ultrasound device. A targeted examination of the peripheral joints
was performed in addition to a standardized assessment of
14 entheses. To determine which peripheral joints to assess, the
patients were first assessed by the APP who identified tender
and or swollen joints for a targeted MSK-US assessment.

The sonographer scanned these clinically affected joints, as
well as the patient’s contralateral side, and was blinded to the
affected side. The peripheral joints were assessed for the pres-
ence of the following lesions: 1) synovitis: defined as synovial
hypertrophy in grayscale (GS) and intraarticular power Doppler
(PD) (22); 2) peritenonitis: defined as peritendon swelling
(GS) and positive peritendinous (PD) in the extensor tendons in
the hands and feet; and 3) tenosynovitis, which is synovial inflam-
mation in tendons with tendon sheet (GS and PD) (23). In addition,
enthesitis was assessed in the following 7 entheseal sites bilater-
ally: quadriceps tendons insertions to the patella, patellar tendons
insertions to the patella and tibial tuberosity, Achilles tendons and

SARABIA ET AL1256



plantar fascia insertions into the calcaneus, triceps tendon inser-
tions to the olecranon process, and common extensor tendon
insertion to the lateral epicondyle. The presence of GS and PD
entheseal lesions were assessed according to the Outcome Mea-
sures in Rheumatology definition (24). We considered the pres-
ence of both GS and PD abnormalities in the joint, peritendon, or
tendon sheath an indication of sonographic synovitis, peritenoni-
tis, and tenosynovitis, respectively. The presence of GS lesions,
including hypoechogenicity and/or entheseal thickening and at
least grade 2 PD was considered as sonographic enthesitis.
Active sonographic musculoskeletal inflammation was defined
as evidence of synovitis, peritenonitis, tenosynovitis, or enthesitis
by MSK-US.

Two separate ultrasound definitions for active sonographic
inflammation were considered for the analysis. Rule 1 defines a
positive ultrasound as at least 1 site (joint, tendon, enthesis) with
active sonographic musculoskeletal inflammation. Rule 2 defines
a positive ultrasound as at least 2 sites with active sonographic
MSK inflammation.

Statistical analysis. Descriptive statistics included mean
and SDs for continuous variables and frequencies (%) for categor-
ical variables. For the primary analysis, patients with PsA were
compared to those with no PsA and possibly PsA (combined).
Since the continuous variables were not normally distributed

(by observing the density distribution histogram), we performed the
nonparametric test, the Wilcoxon test, to compare continuous vari-
ables. Fisher’s exact test was used to compare categorical variables
between the groups, respectively.

Sensitivity, specificity, and area under the curve (AUC) were
calculated for individual modality, with the rheumatologist assess-
ment as the gold standard. Subsequently, we evaluated the per-
formance of different combinations of modalities with MSK-US
using the above-described metrics.

RESULTS

Patient enrollment. A total of 1,692 psoriasis patients
received a mailed invitation to participate in the study (1,646
[97.2%] from dermatology clinics and 48 (2.8%) from family med-
icine) (Figure 1). In addition, 71 and 2 patients were directly
referred from dermatology and family medicine, respectively. A
total of 203 patients participated in the study, of whom
135 (66.5%) were enrolled as a result of self-referrals, and
68 (33.5%) were enrolled as a result of direct physician referrals.
Of the 135 patients from self-referrals, 113 (83.7%) were identified
through dermatology records and 22 (16.3%) through family
medicine records. Of the 68 patients from direct physician refer-
rals, 66 (97.1%) were referred by dermatologists and 2 (2.9%)
were referred by family physicians.

Figure 1. Patient recruitment and change in psoriatic arthritis (PsA) status from baseline to 1 year.
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Comparison of patient characteristics by disease
status. At baseline, 18 patients (8.9%) were converted into the
PsA group, 48 (23.6%) into the possibly PsA group, and
137 (67.5%) into the not PsA group (Figure 1). The characteristics
of the study patients are shown in Table 1. Patients in the PsA group
were more likely to test positive on the PASE (61.1%), PEST
(76.5%), and ToPAS-2 (72.2%) questionnaires. In addition, the PsA
group was more likely to have positive MSK-US findings (rule 1:
88.9%; rule 2: 55.6%). All 18 patients who were diagnosed with
PsA met the Classification of Psoriatic Arthritis (CASPAR) classifica-
tion criteria for PsA (25). Of the patients who were diagnosed with
PsA at baseline, 9 patients (50%) had polyarthritis, 6 patients
(33.3%) had oligoarthritis, and 3 patients (16.6%) had purely axial
involvement. One-third of the PsA patients had clinical enthesitis
and 27.8% had dactylitis.

Performance of individual triage modalities in iden-
tifying PsA at baseline. The performance of each individual tri-

age modality to detect a confirmed diagnosis of PsA is presented

in Table 2. Overall, the sensitivities and specificities ranged widely

from 56% to 89%, and 44% to 79%, respectively; however, the

confidence intervals were wide due to the small number of

patients with PsA. The most sensitive modality was MSK-US rule

1 (sensitivity 89%), but the specificity was low (44%). A more strin-

gent definition of positive MSK-US (rule 2) increased the specificity

to 77%, but this definition reduced the sensitivity to 56%. Exami-

nation by the physical therapist was able to detect PsA with a sen-

sitivity of 83%; however, the specificity was relatively low at 54%.

There was no significant difference in sensitivity and specificity

among the 3 screening questionnaires, with PEST having the

highest nominal sensitivity at 77%, followed by ToPAS-2 at 72%

and PASE at 61%. PASE had the highest nominal specificity at

79%, followed by ToPAS-2 at 72% and PEST at 70%. The AUC

ranged from 0.63 (physical therapy assessment) to 0.73 (PEST).

There was no significant change in the performance of the screen-

ing methods when the patients in the possibly PsA group were

combined with PsA patients and compared to those in the no

PsA group (data not shown).

Performance of combinations of modalities in iden-
tifying PsA. The performance of various combinations of triage
modalities are shown in Table 3. Using a combination of the
MSK-US with other modalities showed a marginal increase in
sensitivity and specificity, depending on the MSK-US definition
and the requirement of 1 or both modalities to be positive. As
expected, sensitivity tended to be highest when any of the

Table 1. Participant characteristics at baseline (n = 203)*

Variable All
Not PsA
(n = 137)

Possibly
PsA

(n = 48)
PsA

(n = 18)

P
(PsA vs.
possibly/
not PsA)

Age, mean ± SD years 50.8 ± 14.4 52.8 ± 14.3 45.6 ± 13.8 49.4 ± 13.6 0.78
Female sex 133 (65.2) 93 (67.4) 31 (64.6 ) 9 (50) 0.20
Prolonged duration of musculoskeletal
symptoms (>2 years)

111 (56.1) 73 (54.9) 27 (57.5) 11 (61.1) 0.80

Duration of psoriasis, mean ± SD years 17.4 ± 15.8 17.7 ± 16.7 18.8 ± 14.9 11.7 ± 10 0.26
Use of systemic nonbiologic medications

for psoriasis
7 (3.43) 0 4 (8.3) 3 (16.7) 0.02

Methotrexate 2 (1) 0 1 (2.1) 1 (5.5) 0.17
Apremilast 5 (2.45) 0 3 (6.25) 2 (11.1) 0.06

Use of biologic medication for psoriasis 22 (10.8) 9 (6.5) 7 (14.6) 6 (33) 0.006
TNF inhibitor 8 (3.9) 3 (2.2) 3 (6.25) 2 (11.1) 0.15
IL-12/IL-23 inhibitor 11 (5.4) 5 (3.6) 2 (4.17) 4 (22.2) 0.009
IL-17 inhibitor 2 (1) 1 (0.7) 1 (2.1) 0 –

Severe psoriasis (PASI >10) 35 (17.2) 18 (13) 10 (20.8) 7 (38.9) 0.02
Nail psoriasis 79 (39.1) 47 (34.6) 20 (41.7) 12 (66.7) 0.02
Physiotherapist assessment 100 (49.3) 56 (40.9) 29 (60.4) 15 (83.3) 0.002
Positive PASE 47 (24.3) 26 (20.5) 10 (20.8) 11 (61.1) <0.001
Positive PEST 66 (33.9) 34 (26.2) 19 (39.6) 13 (76.5) <0.001
Positive ToPAS-2 63 (32) 35 (26.7) 15 (31.3) 13 (72.2) <0.001
Positive MSK-US: rule 1 120 (59.1) 75 (55.7) 29 (60.4) 16 (88.9) 0.01
CRP, mean ± SD mg/dl 1.9 ± 3 1.6 ± 3 1.3 ± 2.9 2.4 ± 6.9 0.04
ESR, mean ± SD mm/hour 11 ± 12 11.5 ± 11.5 10 ± 11.5 17.5 ± 23.5 0.13

* Values are the number (%) unless indicated otherwise. CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; IL-12
= interleukin-12; MSK-US = musculoskeletal ultrasound; PASE = Psoriatic Arthritis Screening and Evaluation; PASI = Psoriasis
Area and Severity Index; PEST = Psoriasis Epidemiology Screening Tool; PsA = psoriatic arthritis; TNF = tumor necrosis factor;
ToPAS-2 = Toronto Psoriatic Arthritis Screen 2.
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modalities was required to be positive, and specificity tended to
be highest when both modalities were required to be positive.
The highest sensitivity achieved was 100% by MKS-US rule 1 or
ToPAS-2 being positive and MSK-US rule 1 or physical therapist
assessment being positive. The highest specificity was 95%,
achieved by requiring both MSK-US rule 2 and PASE to be posi-
tive. One of the optimal combinations of sensitivity and specificity
included requiring both PEST and MSK-US rule 1 to be positive
(71% sensitivity and 81% specificity).

Change in disease status and musculoskeletal
symptoms after 1 year. At 1 year, 122 of the 185 patients
(75.7%) who were invited returned for a follow-up visit and an addi-
tional 39 patients (21.1%) completed questionnaires over the phone
or by email. Of the 122 patients who returned for an in-person
1-year follow-up, 9 patients (7.4%) were newly converted into the
PsA group, 16 patients (13.1%) were converted into the possibly
PsA group, and 97 patients (79.5%) were converted into the not

PsA group (Figure 1). Overall, 63 patients did not return for the
1-year assessment; of these 63 patients, 39 returned the screening
questionnaires, and 24 were lost to follow-up. There were 38 com-
pleted questionnaires, of which 6 (15.4%) indicated a positive result
for PsA on all 3 (PASE, PEST, and ToPAS-2) of the questionnaires
completed.

The status at 1 year for all study patients (completed follow-up
assessment or the diagnosis from baseline was carried forward,
n = 203) was 27 in the PsA group (13.3%; 18 at baseline and
9 who were newly classified within 1 year), 34 (16.7%) in the possi-
bly PsA group PsA, and 142 (79.3%) not PsA. With respect to the
screening modality’s ability to predict PsA status (at baseline or
within 1 year), the individual screening modalities were found to
have lower sensitivity, with no improvement in specificity (see Sup-
plementary Table 1, available on theArthritis Care & Researchweb-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24570). In
addition, we evaluated the change in musculoskeletal symptoms,
quality of life, and physical function over the course of a year

Table 2. Performance of each triage method with clinical diagnosis of PsA as the outcome*

Not PsA
Possibly
PsA PsA

Sensitivity
(95% CI)

Specificity
(95% CI) AUC

MSK-US: rule 1 89 (65–99) 44 (37–51) 0.66
Positive 75 29 16
Negative 62 19 2

MSK-US: rule 2 56 (31–78) 77 (71–83) 0.66
Positive 31 11 10
Negative 106 37 8

Physical therapist assessment 83 (56–96) 54 (46–61) 0.63
Positive 56 29 15
Negative 81 19 3

Positive ToPAS-2 72 (47–90) 72 (65–79) 0.72
Positive 35 15 13
Negative 96 33 5

Positive PEST 77 (50–93) 70 (63–77) 0.73
Positive 34 19 13
Negative 96 29 4

Positive PASE 61 (36–83) 79 (73–85) 0.70
Positive 26 10 11
Negative 101 38 7

* Values are the number of patients unless indicated otherwise. The possibly psoriatic arthritis (PsA) groupwas combinedwith the not
PsA group. 95% CI = 95% confidence interval; AUC = area under the curve (see Table 1 for other definitions).

Table 3. Performance of combinations of the triage modalities*

ToPAS PASE PEST Physical therapist

Both tests
positive

Any test
positive

Both tests
positive

Any test
positive

Both tests
positive

Any test
positive

Both tests
positive

Any test
positive

MSK-US: rule 1
Sensitivity (95% CI) 61 (36–83) 100 (80–100) 56 (31–78) 89 (67–99) 71 (44–90) 94 (70–100) 72 (46–90) 100 (82–100)
Specificity (95% CI) 82 (76–87) 34 (27–41) 89 (83–93) 35 (28–43) 81 (74–86) 33 (26–40) 71 (64–77) 27 (21–34)
AUC 0.79 0.78 0.78 0.75

MSK-US: rule 2
Sensitivity (95% CI) 44 (22–69) 83 (59–96) 39 (17–64) 79 (54–94) 47 (23–72) 82 (57–96) 44 (22–69) 94 (73–100)
Specificity (95% CI) 92 (87–95) 58 (51–65) 95 (91–98) 62 (55–69) 92 (87–96) 56 (48–63) 86 (81–91) 45 (38–52)
AUC 0.77 0.76 0.78 0.76

* 95% CI = 95% confidence interval (see Table 1 for other definitions).
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(Figure 2). A significant improvement was seen in all patient-
reported outcomes (FACIT, pain, PtGA-arthritis, DLQI, HAQ) com-
pared to the baseline assessment (P < 0.001 for all).

DISCUSSION

In this study, we evaluated the performance of a number of
components of a central triage system in a rapid access clinic for
patients with psoriasis who are experiencing musculoskeletal
pain. We found that none of the individual modalities had signifi-
cantly superior sensitivity or specificity than the others in regard
to their ability to identify patients with PsA; however, combining
MSK-US with another tool improved overall performance. This
suggests that MSK-US may provide additional information to aid
in the initial screening of patients suspected of having PsA. In
addition, we found that these triage modalities did not have any
predictive value with respect to identifying patients who were

newly classified as having PsA within 1 year. Finally, patient symp-
toms, quality of life, and function have improved over the course
of 1 year. These findings help guide the role of various triage
modalities in the diagnostic process of PsA.

The rapid access triage model has been used in the diagnos-
tic process of some medical conditions, including inflammatory
bowel disease and skin cancer (26,27). Triage systems of different
forms have been successful in reducing wait times for rheumatol-
ogist visits. One study showed that a central referral and triage
system was able to reduce wait times for moderate and urgent
referrals (28). A recent Canadian study evaluated a rapid access
triage system for inflammatory arthritis, comparing advanced
trained practitioners to the rheumatologist assessment and found
the sensitivity to be 100% and the specificity to be 93.1% (6).
These results show a higher level of performance than in our
study; however, their objective was to identify inflammatory arthri-
tis in general and not specifically PsA.

Figure 2. Evaluation of change shown from baseline (dark gray) in musculoskeletal symptoms, quality of life, and physical function over the course
of a year (light gray), as indicated by A, Functional Assessment of Chronic Illness Therapy (FACIT); B, pain; C, Patient Global Assessment (PGA); and
D, Health Assessment Questionnaire (HAQ) scores. An increase in score demonstrates improvement for all scales, except FACIT. * = P < 0.001.
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In combining MSK-US results with another tool, we demon-
strated an improvement in sensitivity and specificity. Solmaz et al
showed that MSK-US informed the decision of dermatologists
regarding the need for referring psoriasis patients to rheumatol-
ogy for suspected PsA (29). Without MSK-US data, the sensitivity
of a referral (versus PsA diagnosis by rheumatologist) was 95%,
and specificity was 9%, but this changed to a sensitivity of 88%
and specificity of 77% with access to MSK-US data. This aligns
well with our results in combining the use of questionnaires and
MSK-US and suggests that MSK-US can add value in a triage
system. However, it should be kept in mind that the added benefit
of combining MSK-US with other modalities is associated with
added time and cost and requires a skilled sonographer who
may not be available in every setting.

The improvement in patient-reported outcomes at 1 year is
reassuring and suggests that a significant proportion of patients
improve spontaneously or as a result of treatment provided for
noninflammatory musculoskeletal conditions. The fact that such
an improvement remains after removing PsA patients from the
analysis may be in part due to treatment recommendations that
may have been given to the patients at baseline, such as physical
therapy, massage, or nonsteroidal antiinflammatory drugs, which
may improve their musculoskeletal symptoms. In addition, the
course of many arthritic conditions naturally fluctuates over time,
or patients show improvement on their own.

There are some limitations to our study. This is a single-
center study with a majority of the patients coming from dermatol-
ogy clinics that may have limited the generalizability due to differ-
ences in referral practices and local population characteristics.
However, it may be argued that the patient population seen in
dermatology settings is the most relevant population on which to
focus future screening efforts, since the severity of psoriasis is a
risk factor for the development of PsA (30), and the prevalence
of PsA found among patients attending dermatology clinics tends
to be significantly higher than that found in the general population
(19,31). Second, MSK-US protocol was limited to the symptom-
atic joints and the contralateral side, which resulted in a different
number of joints scanned for each patient. This may have
increased the chances of detecting positive MSK-US findings
with more peripheral joints scanned, which may have led to
underperformance of MSK-US in patients with oligoarthritis and
in those with predominantly axial disease. In addition, there may
be a participation bias as those patients with more severe joint
pain may be more interested in having their joints examined and
therefore more interested in participating in the study. Finally,
being a proof-of-concept study, we evaluated the efficacy of the
different triage methods in a research setting but did not perform
any cost assessment or evaluation as to whether this model was
superior to the standard of care in terms of patient outcomes.

In conclusion, we evaluated the performance of various central
triage modalities in a rapid access clinic to identify PsA among
patients with psoriasis who experience musculoskeletal symptoms.

We found that no individual tool is superior to another, yet com-
bining MSK-US with another modality provided the optimal per-
formance. This conclusion, however, needs to be balanced in
terms of cost effectiveness. Further research needs to be done
on how the central screening modalities affect wait times and
short- and long-term patient outcomes and whether it is feasible
on a larger scale.
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B R I E F R E P O R T

Predictors of Initial Hydroxychloroquine Receipt Among
Medicaid Beneficiaries With Incident Systemic Lupus
Erythematosus

Katherine P. Pryor, Chang Xu, Jamie E. Collins, Karen H. Costenbader, and Candace H. Feldman

Objective. Although hydroxychloroquine/chloroquine (HCQ/CQ) form the cornerstone of systemic lupus erythema-
tosus (SLE) treatment, not all patients receive this, which may contribute to disparities in outcomes. The present study
was undertaken to investigate factors associated with first dispensing of HCQ/CQ.

Methods. UsingMedicaid insurance claims from 2000 to 2010, we identified individuals ages 18–65 years with inci-
dent SLE (≥3 SLE International Classification of Diseases, Ninth Revision codes separated by ≥30 days without prior
SLE codes or HCQ/CQ use for 24 months). The primary outcome was first dispensing of HCQ/CQ within 24 months
of the first SLE code. We used Cox proportional hazards regression models to examine the association between socio-
demographic factors, comorbidities, health care utilization, and medication use and HCQ/CQ dispensing within
24 months of diagnosis.

Results. We identified 9,560 Medicaid beneficiaries with incident SLE; 41% received HCQ (n = 3,949) or CQ (n = 14)
within 24 months of diagnosis. Younger patients were more likely to receive HCQ/CQ. Black, Asian, Hispanic, and Amer-
ican Indian/Alaska Native individuals were more likely to receive HCQ/CQ than White individuals. Alcohol and nicotine
use, chronic pain, diabetes mellitus, and end-stage renal disease were associated with lower dispensing. Appointments
and preventive care services were associated with higher rates, and more hospitalizations with lower rates.

Conclusion. Only 41% of Medicaid beneficiaries with SLE received HCQ/CQ within 24 months of diagnosis.
Greater outpatient and preventive care increased receipt. All non-White race/ethnicities had higher rates of first dis-
pensing. Time to initial HCQ/CQ dispensing may not explain racial/ethnic disparities in adverse outcomes, highlighting
the need to consider other care quality-related issues and medication adherence challenges.

INTRODUCTION

Hydroxychloroquine/chloroquine (HCQ/CQ) is the back-

bone of high-quality systemic lupus erythematosus (SLE) care.

HCQ/CQ may improve survival, reduce flare rates, thrombosis,

and progression to end-stage renal disease (ESRD) (1). Despite

a largely reassuring safety profile, in particular for initial use in

early SLE, and its importance in reducing flares and potentially

avoidable SLE-related adverse outcomes (1), there are varia-

tions in HCQ/CQ receipt. Prior studies in international academic

medical center cohorts suggest that between 67% and 80% of

individuals with SLE receive HCQ/CQ, in stark contrast to the

36.4% seen in a cohort of Medicaid beneficiaries with incident

lupus nephritis (2).
Medicaid is the largest US public insurance for low-income

individuals and provides coverage to roughly 1 in 5 Americans.

Patients with SLE enrolled in Medicaid experience a dispropor-

tionate burden of SLE and adverse outcomes relative to the gen-

eral population (3,4). Differences in receipt of HCQ/CQ may

exacerbate disparities in adverse events. It is also possible that
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significant differences between who is and is not initially pre-

scribed HCQ lead to bias in our interpretation of the associations

between HCQ/CQ use and outcomes in observational studies.

For example, the protective effects attributed to HCQ/CQ use

may be related to characteristics of individuals who receive

HCQ/CQ compared to those who do not. While propensity

score-matched analyses help address measured confounding,

bias from unmeasured factors (e.g., healthy behaviors) remains.
The aim of this study was to investigate factors associated

with first dispensing of HCQ/CQ among Medicaid beneficiaries
with incident SLE. We hypothesized that individuals receiving
HCQ/CQ would have better health care access, as measured by
outpatient visits and preventive care (e.g., cancer screening and
vaccinations), and fewer comorbidities compared to individuals
who do not receive HCQ/CQ within 2 years of SLE diagnosis.

PATIENTS AND METHODS

Study population and outcome of interest. We uti-
lized Medicaid data, MAX, with demographic information, phar-
macy dispensing data, and billing claims from 2000 to 2006
(47 states) and 2007 to 2010 (29 states). We identified individuals
ages 18–65 years with incident SLE (≥3 SLE International Classi-
fication of Diseases, Ninth Revision [ICD-9] codes separated by
≥30 days within 24 months), as previously described, and used
the first SLE code to define the index date (4). To capture new
use of HCQ, we required 24 months of continuous enrollment
without SLE codes and without HCQ/CQ dispensings prior to
the index date of incident SLE. The primary outcome was the first
dispensing of HCQ/CQ on or within 24 months of the index date.

Baseline covariates. Sociodemographic factors were
assessed at the index date and included age, sex (male, female),
race/ethnicity (White, Black, Asian, American Indian/Alaska
Native, Hispanic, and >1 race/ethnicity), and region of the US
(Midwest, Northeast, South, and West). All other covariates were
assessed in the 12 months prior to the index date. We measured
health care utilization as outpatient visits (0, 1–5 visits, or >5
visits), emergency department visits (0, ≥1), and hospitalizations
(0, 1, ≥2). Preventive care use was defined as visits with codes
for annual physical examinations, vaccinations, Pap tests, mam-
mograms, colonoscopies, and bone density scans (see Supple-
mentary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24572)
and categorized as 0, 1–2, or ≥2 visits. Medication use, also mea-
sured in the 12 months prior to the index date, included glucocor-
ticoids, immunosuppressives (azathioprine, mycophenolate
mofetil, cyclophosphamide, methotrexate, leflunomide, rituximab,
and sulfasalazine), prescription nonsteroidal antiinflammatory
drugs (NSAIDs), and opioids. Comorbidities included alcohol use
disorder, cardiovascular disease, diabetes mellitus, chronic pain,
smoking, renal disease, ESRD, and pregnancy, all defined using
ICD-9 codes during the baseline 12-month period (see Supple-
mentary Table 1, available at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24572).

Statistical analysis. We used Cox proportional hazards
models to examine the associations (with hazards ratios
[HR] and 95% confidence intervals [95% CIs]) between baseline
sociodemographic factors, comorbidities, health care utilization,
preventive care, and medication use and time to first HCQ/CQ
dispensing in the first 24 months following SLE diagnosis. Models
were additionally adjusted by calendar year of the index date
(2000–2003, 2004–2006, 2007–2010). Analyses were con-
ducted in SAS, version 9.4, and the Mass General Brigham Insti-
tutional Review Board approved this study. Medicaid Analytic
eXtract (MAX) data were obtained through a Data Use Agreement
through the Centers of Medicare and Medicaid Services; cell sizes
<11 were suppressed in accordance with their policies.

RESULTS

We identified 9,560 Medicaid beneficiaries with incident SLE
without prior HCQ use. The mean ± SD age was 35.7
± 11.7 years for HCQ/CQ users and 39.9 ± 12.2 years for nonu-
sers. In all, 44.8% of HCQ/CQ users were Black compared to
39.4% of nonusers; 19.8% of users were Hispanic compared to
14.8% of nonusers (Table 1). There were 3,963 individuals (41%)
who received HCQ (n = 3,949) or CQ (n = 14) within 24 months
of meeting criteria for SLE in this data set, and this proportion
did not increase with later index dates. Seventy-two percent
received glucocorticoids within 24 months of diagnosis; of these,
51.1% also received HCQ/CQ.

SIGNIFICANCE & INNOVATIONS
• Less than one-half of Medicaid beneficiaries with inci-

dent systemic lupus erythematosus (SLE) receive hydro-
xychloroquine/chloroquine (HCQ/CQ), the backbone of
high-quality care, within 24 months of diagnosis.

• Preventive care and outpatient visits, markers of
access to health care, were associated with higher
rates of initial HCQ/CQ dispensing, whereas frequent
hospitalizations, high-risk lifestyles, and complex
comorbidities were associated with lower rates.

• In this Medicaid population, individuals from all
non-White racial/ethnic groups had higher rates of
HCQ/CQ dispensing compared to White individuals,
suggesting that initial HCQ/CQ dispensing differ-
ences do not explain racial/ethnic disparities in
adverse outcomes.

• Significant differences in characteristics of those
who receive versus do not receive HCQ/CQ suggest
that caution is warranted in the interpretation of
observational studies comparing outcomes
between HCQ/CQ users and nonusers.
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Multivariable-adjusted Cox models demonstrated that youn-
ger patients (age 18–24 years) were 2.3 times more likely to
receive HCQ/CQ compared with 51–65 year-olds (Table 2). All
racial/ethnic groups examined (Asian, American Indian/Alaska
Native, Hispanic, and Black individuals) were more likely to receive

HCQ/CQ than were White individuals. Relative to the Northeast,
living in the South or the West was associated with less HCQ/CQ
use, particularly in the South (HR 0.76 [95% CI 0.70–0.83]).

We explored underlying factors that could increase hesitancy
to use HCQ/CQ. We examined baseline tamoxifen use and

Table 2. Baseline factors associated with first hydroxychloroquine
(HCQ) or chloroquine dispensing among Medicaid beneficiaries with
incident systemic lupus erythematosus (n = 9,560)*

HR (95% CI)†

Male sex (Ref. = female) 0.88 (0.75–1.02)
Age (Ref. = 51–65 years)
18–24 2.33 (2.05–2.64)‡
25–31 1.99 (1.76–2.24)‡
32–38 1.74 (1.54–1.95)‡
39–45 1.31 (1.17–1.48)‡
46–50 1.15 (1.01–1.32)‡

Race/ethnicity (Ref. = White)
Asian 1.61 (1.34–1.94)‡
American Indian/Alaska Native 1.49 (1.10–2.02)‡
Hispanic 1.36 (1.24–1.50)‡
Black 1.29 (1.20–1.40)‡
Other 1.05 (0.85–1.29)

Region (Ref. = Northeast)
Midwest 0.94 (0.85–1.04)
West 0.90 (0.82–0.99)‡
South 0.76 (0.70–0.83)‡

Medication use (Ref. = no use)
Prescription NSAID use 1.53 (1.43–1.64)‡
Glucocorticoid use 1.27 (1.18–1.36)‡
Opioid use 0.75 (0.59–0.96)‡
Immunosuppressive agents use§ 0.48 (0.40–0.57)‡

Comorbidities
Renal disease (excluding ESRD) 1.07 (0.97–1.17)
Cardiovascular disease 1.06 (0.98–1.15)
Smoking 0.90 (0.83–0.98)‡
Diabetes mellitus 0.84 (0.77–0.90)‡
Chronic pain 0.83 (0.76–0.91)‡
Pregnancy 0.80 (0.74–0.87)‡
Alcohol use disorder 0.74 (0.65–0.85)‡
ESRD 0.72 (0.61–0.84)‡

Preventive care (Ref. = 0)¶
1–2 1.29 (1.16–1.43)‡
>2 1.46 (1.30–1.64)‡

Health care utilization (Ref. = none)
1–5 outpatient visits 1.08 (0.99–1.18)
>5 outpatient visits 1.10 (1.00–1.21)‡
1 hospitalization 0.95 (0.87–1.05)
≥2 hospitalizations 0.87 (0.77–0.98)‡
≥1 emergency department visit 0.99 (0.92–1.06)

* Included 3,949 HCQ recipients and 14 chloroquine recipients.
Numerical values represent the sum of different preventive care
types. 95% CI = 95% confidence interval; ESRD = end-stage renal dis-
ease; HR = hazard ratio; NSAID = nonsteroidal antiinflammatory
drug; Ref. = reference.
† HRs from multivariable Cox proportional hazards regression
model additionally adjusted for calendar year of index date and
emergency department visits.
‡ Statistically significant association.
§ Immunosuppressive agents included azathioprine, mycopheno-
late mofetil, cyclophosphamide, methotrexate, leflunomide, rituxi-
mab, and sulfasalazine.
¶ Preventive care during the baseline period included annual physi-
cal examinations, vaccinations, pap tests, mammograms, colonos-
copy, and bone density scans.

Table 1. Baseline characteristics of individuals with incident sys-
temic lupus erythematosus (n = 9,560) with and without ≥1 dispens-
ing of hydroxychloroquine (HCQ) or chloroquine (CQ) within the first
2 years of diagnosis*

Characteristic

HCQ/CQ
users

HCQ/CQ
nonusers

(n = 3,963) (n = 5,597)

Age, mean ± SD years 35.7 ± 11.7 39.9 ± 12.2
Female 3,778 (95.3) 5,228 (93.4)
Race/ethnicity
Asian 134 (3.4) 104 (1.9)
Black 1,776 (44.8) 2,206 (39.4)
Hispanic 783 (19.8) 829 (14.8)
American Indian/Alaska
Native

44 (1.1) 58 (1.0)

White 1,128 (28.5) 2,221 (39.7)
Other 98 (2.5) 179 (3.2)

Region
Midwest 753 (19.0) 1,054 (18.8)
Northeast 1,012 (25.5) 1,118 (20.0)
South 1,226 (30.9) 2,192 (39.2)
West 972 (24.5) 1,233 (22.0)

Year of index date
2000–2003 1,041 (26.3) 1,287 (23.0)
2004–2006 1,723 (43.5) 2,243 (40.1)
2007–2010 1,199 (30.3) 2,067 (36.9)

Medication use
Steroid use 1,339 (33.8) 1,506 (26.9)
Immunosuppressive
agent†

146 (3.7) 377 (6.7)

NSAID use 2,190 (55.3) 2,208 (39.5)
Opioid use 69 (1.7) 190 (3.4)

Comorbidities
Alcohol use disorder 265 (6.7) 554 (9.9)
Cardiovascular disease 2,901 (73.2) 4,176 (74.6)
Diabetes mellitus 1,045 (26.4) 1,873 (33.5)
Chronic pain 606 (15.3) 1,165 (20.8)
Smoking 810 (20.4) 1,416 (25.3)
Renal disease 756 (19.1) 1,044 (18.7)
End-stage renal disease 194 (4.9) 366 (6.5)
Pregnancy 968 (24.4) 1,096 (19.6)

Preventive care‡
1–2 2,088 (52.7) 2,860 (51.1)
>2 1,401 (35.4) 1,619 (28.9)

Health care utilization
1–5 outpatient visits 1,403 (35.4) 1,838 (32.8)
>5 outpatient visits 1,750 (44.2) 2,313 (41.3)
1 hospitalization 535 (13.5) 770 (13.8)
≥2 hospitalizations 315 (8.0) 542 (9.7)
≥1 emergency department
visit

2,154 (54.4) 2,839 (50.7)

* Values are the number (%) unless indicated otherwise.
NSAID = nonsteroidal antiinflammatory drug.
† Immunosuppressive agents included azathioprine, mycopheno-
late mofetil, cyclophosphamide, methotrexate, leflunomide, rituxi-
mab, and sulfasalazine.
‡ Preventive care included annual physical examinations, vaccinations,
pap tests, mammograms, colonoscopies, and bone density scans.
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glucose-6-phosphate dehydrogenase (G6PD) deficiency and
both were not statistically significant. We examined ophthalmo-
logic conditions including retinal disease, macular degeneration,
and cataracts (see Supplementary Table 1, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24572) during the base-
line period and found an increased risk of HCQ/CQ dispensing
(HR 1.32 [95% CI 1.20–1.46]). We also found that 51% of these
codes occurred in individuals ages 51–65 years. We did not
include these variables in our final model, as the point estimates
did not change significantly for other factors.

Complex medical comorbidities, including alcohol use disor-
der, chronic pain, diabetes mellitus, ESRD, and smoking were
associated with a lower rate of dispensing, but no association
was seen with cardiovascular disease or non-ESRD renal dis-
ease. Notably, pregnancy was associated with lower rates of
receipt. Individuals were also less likely to receive HCQ/CQ if they
were taking immunosuppressive medications but were more
likely if they were using NSAIDs (HR 1.53 [95% CI 1.43–1.64]) or
glucocorticoids (HR 1.27 [95%CI 1.18–1.36]). Receiving 1–2 pre-
ventive care services was associated with 29% higher rate of
receipt, >2 with a 46% higher rate. Individuals with >5 outpatient
visits were more likely to receive HCQ/CQ, while those with ≥2
hospitalizations were less likely.

DISCUSSION

HCQ/CQ use is central to SLE treatment; however, we
observed that only 41% of Medicaid beneficiaries with SLE
received HCQ/CQwithin 2 years of diagnosis (2). While in line with
our prior study among individuals enrolled in Medicaid with inci-
dent lupus nephritis, this is in contrast to the nearly 80% who
receive HCQ/CQ in other cohorts such as Systemic Lupus Inter-
national Collaborating Clinics and LUpus in MInorities, NAture ver-
sus nurture (LUMINA) (5,6). Medicaid beneficiaries with SLE are a
vulnerable population who experience a disproportionate burden
of SLE and adverse outcomes in part due to lack of access to
high-quality, coordinated subspecialty care (3,4,7). Progression
to ESRD and mortality are markedly higher among Medicaid ben-
eficiaries, likely in part due to lower quality of care provided to
Medicaid beneficiaries with incident SLE (8,9). Reduced rates of
HCQ/CQ receipt within the Medicaid population may contribute
to the poorer outcomes in this population. However, within this
vulnerable population, there were clear differences between those
who receive HCQ/CQ and those who did not. We found that
patients who were younger and those who were Black, Asian,
Hispanic, and American Indian/Alaska Native were more likely to
receive HCQ/CQ compared to individuals who were older or
White (2). Geography seems to play a role; patients in the North-
east had a higher likelihood of receiving HCQ/CQ compared to
the South and the West, possibly in part related to the concentra-
tion of rheumatologists.

We did not find statistically significant associations between
factors that may be relative contraindications to HCQ/CQ use
including tamoxifen use and G6PD deficiency. Regarding baseline
ophthalmologic conditions, we paradoxically observed an
increased risk of use associated with having a baseline ICD-9
code for retinal disease, macular degeneration, or cataracts. We
suspect that this is related to surveillance bias due to increased
screening prior to initiation of HCQ in general, and possibly among
patients with known baseline eye disease. Some of these codes,
specifically those for toxic maculopathy, may have been used as
rule out codes in patients receiving baseline eye exams prior to
HCQ use. However, 51% of these codes related to ophthalmo-
logic conditions were found in individuals ages 51–65. It is possi-
ble that prevalence of eye disease, or concern for eye disease,
explains in part the lower rates of dispensing in this age group.

Complex comorbidities were also associated with lower rates
of receipt. Notably, the association of ESRD, but not earlier stages
of renal disease with lower rates of HCQ prescribing, is important
because it highlights an active decision among clinicians who may
not prescribe HCQ/CQ in the setting of ESRD either due to quies-
cent disease or increased toxicity risk. However, we recognize as
a limitation that detailed data in a Medicaid data set from patients
with ESRD is challenging, as many become dually eligible for Medi-
care soon after developing ESRD, and we did not have a Data Use
Agreement that would have allowed us to link our data to the US
Renal Data System (USRDS). We acknowledge that this can affect
dispensing data as well and thus, wemay have underestimated the
number of patients with SLE-related ESRD receiving HCQ. How-
ever, our findings support lower use in this population possibly
due to increased concern for toxicity, as well as the thought that
patients with ESRDmay have less active SLE. Finally, it is also nota-
ble that pregnancy was associated with decreased rates of
HCQ/CQ receipt. We suspect that these low proportions may in
part be due to only more recent recognition of the safety and bene-
fit of HCQ in pregnancy, with few randomized studies published
during the earlier years of our study (10).

Preventive services and outpatient visits, surrogates for
access to care, were associated with higher rates of HCQ/CQ
dispensing. In a study of Medicaid beneficiaries with incident
lupus nephritis, treat-and-release emergency department
(ED) visits, a surrogate for inconsistent ambulatory care, were
associated with lower receipt of recommended treatments,
including HCQ/CQ compared to beneficiaries with more outpa-
tient visits. Receipt of an antimalarial in this population was
36.4% at 90 days but increased to 45.8% by 1 year, suggesting
that delays in access to care also contribute to lower rates of
receipt (2). Additionally, receipt of an antimalarial in this population
was also associated with lower odds of recurrent acute care use
(defined as ED visits and hospitalizations) (11). We do not have
available data on specialty of physician seen but suspect that dif-
ficulties in access to rheumatologists partly explains lower rates of
dispensing in this vulnerable population.
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Although Black and Hispanic patients appeared to be more
likely to receive HCQ following a SLE diagnosis, they experience
worse SLE-related outcomes than their White counterparts. It is
possible that this may bemore related to fragmented care following
diagnosis and also to multilevel factors that may limit adherence to
SLE-related medications. In a study of 10,268 Medicaid patients
who newly initiated HCQ, <20% of patients were adherent, with
lower rates seen in younger patients, Black and Hispanic patients,
and in patients with higher acute care use (ED visits and hospitaliza-
tions), diabetes mellitus, and antidepressant use. Lower odds of
adherence were also observed in zip codes with higher percent-
ages of Black residents, even after controlling at the individual level
for race, comorbidities, and utilization factors (12). In a recent study
by Sun et al, reasons for nonadherence (particularly tomycopheno-
late mofetil) varied by race. Black patients were less likely to report
high adherence, refills, and composite adherence to all SLE medi-
cations compared to White patients (13). Nonadherence among
Black patients was associated with lower survey ratings on com-
passionate respectful interactions with providers and poorer survey
scores on mental health. Among White patients, lower adherence
was associated with greater medication burden and fibromyalgia
pain scores (13). It is also possible that non-White individuals may
present with more active disease possibly due to initial delays in
care and diagnosis. White patients may have either milder SLE on
presentation or increased rates of misclassification, which could
explain the lower rates of HCQ prescribing with similar numbers of
SLE-related ICD-9 codes. Further studies that include SLE
activity-related data are needed to explore this question.

Our findings also suggest that those who received HCQ/CQ
within 2 years may be systematically different from those who did

not (14,15). In the LUMINA cohort, Alarc�on et al analyzed the
impact of HCQ on survival independent of sociodemographic and
clinic characteristics. They constructed propensity scores and
found that individuals with milder disease, and/or higher socioeco-
nomic status, were the most likely to receive HCQ (100%) versus
not receive HCQ (39.6%) (15). Although HCQ was noted to
improve survival, after adding propensity scores to the model, the
confidence interval became much wider (15). While propensity
scores can help adjust for measured confounding by indication
(factors that may be associated with the decision to treat with
HCQ versus not treat that also may be associated with the out-
come of interest), they cannot account for unmeasured confound-
ing. This may be particularly significant when comparing HCQ
users to nonusers, as users may be healthier and have more con-
sistent access to high-quality care. These factors can be captured
in part by measured covariates, but other healthy behaviors that
may correspond with this (e.g., regular exercise, healthy diet) may
not be.

This study has several strengths. While prior studies have
examined medication adherence and associations between
HCQ use and outcomes, few have specifically explored

predictors of initial HCQ dispensing. Our study was conducted
in a large, racially and ethnically diverse population-based cohort
of individuals with a high burden of SLE, comorbid conditions,
and adverse outcomes. Thus, exploring potentially modifiable
strategies to improve outcomes is especially important. Our study
also has limitations. ICD-9 codes were used to identify incident
SLE cases, andmisclassification is possible. We lackedmeasures
of SLE disease activity and time from initial SLE symptoms to
diagnosis. We also lacked data on other healthy behaviors and
on access to subspecialists. While we had data on first dispens-
ing of HCQ, we do not know how many individuals may have
been given a prescription for HCQ but never filled it. Although
our data are from 2000–2010 and new trends may have
emerged, over the course of the decade examined we did not
see a significant trend toward increased use.

Overall, our findings raise the question of whether receipt
(or nonreceipt) of timely and high-quality SLE care, including
HCQ/CQ, may exacerbate disparities in adverse events. Some-
what unexpectedly, while prior studies have demonstrated signif-
icantly poorer quality metrics and a higher burden of adverse
outcomes among Black and Hispanic individuals with SLE com-
pared to White individuals, we did not see this for initial HCQ/CQ
dispensing. This finding highlights opportunities for downstream
interventions after HCQ/CQ receipt that may more directly reduce
disparities in outcomes. Although additional research can help to
further elucidate areas where intervention is needed, it is clear that
these approaches must at the least improve access to care and
medication adherence for the most vulnerable populations.
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Physician Global Assessment as a Disease Activity Measure
for Relapsing Polychondritis

Emily Rose,1 Marcela A. Ferrada,1 Kaitlin A. Quinn,1 Wendy Goodspeed,1 Laurent Arnaud,2

Aman Sharma,3 Hajime Yoshifuji,4 Jeff Kim,5 Clint Allen,5 Arlene Sirajuddin,6 Marcus Chen,6

and Peter C. Grayson1

Objective. Relapsing polychondritis (RP) is a systemic inflammatory disorder of cartilage that lacks validated
disease activity measures. Our objective was to test physician global assessment (PhGA), a measure of disease
activity commonly used in rheumatic diseases, in a cohort of patients with RP, which has not been done before.

Methods. Adult patients in an observational cohort of RP underwent standardized, comprehensive evaluation
at approximately 6-month intervals. PhGA was scored by 3 physicians from the evaluating institution on a scale of
0–10 for each visit. A random subset of 20 visits was scored by 3 independent physicians not affiliated with the evaluat-
ing institution. Treatment change between consecutive visits was categorized as increased, decreased, or unchanged.

Results. In total, 78 patients were evaluated over 164 visits. The intraclass correlation coefficient (ICC2,1) for the
3 raters from the evaluating institution was excellent (0.79 [95% confidence interval (95% CI) 0.73, 0.84]) but was poor
in the subset of cases scored by the additional raters (ICC2,1 0.27 [95%CI −0.01, 0.53]). Median PhGAwas 3 (range 0–7).
PhGA weakly correlated with C-reactive protein level (rs = 0.30, P < 0.01). In response to increased treatment, median
PhGA decreased from 3 (interquartile range [IQR] 2, 4) to 2 (IQR 2, 3) (P < 0.01) but rarely went to 0.

Conclusion. Within a single center, PhGA can be used to quantify disease activity and monitor disease response in
RP. Persistent disease activity despite treatment, rather than a relapsing-remitting pattern, is observed for most
patients with RP. Reliability of PhGAmay not generalize across different institutions. A validated disease-specific activ-
ity index is needed in RP.

INTRODUCTION

Relapsing polychondritis (RP) is a rare systemic inflammatory

disorder that affects multiple organs, with a predilection for carti-

laginous structures such as the ear, nose, airway, and joints (1).

RP can also affect the eyes, central nervous system, vasculature,

inner ear, and skin (1,2). Given the rarity of the disease, clinical

assessment has not been standardized, and the disease lacks

validated measures of disease activity (3).
Clinical assessment tools are useful to measure disease

activity and treatment response in clinical trials and in daily

practice. The Relapsing Polychondritis Disease Activity Index

(RPDAI) is a proposed tool to quantify disease activity in RP (4).

The RPDAI was developed using clinical vignettes rather than

patient data and has not been validated in independent cohorts

of patients with RP. When deriving weights for items within the

RPDAI, the physician global assessment (PhGA) score was used

as the gold standard to quantify disease activity, yet the PhGA

has also never been systematically studied or validated for

use in RP.
The PhGA is frequently used to measure disease activity

and track response to treatment in a variety of rheumatic
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diseases (5–14). Because performance characteristics of the
PhGA may vary by disease, the PhGA should be tested specifi-
cally in a cohort of patients with RP. Therefore, this study
sought to characterize PhGA to measure disease activity using
data from a prospective, observational cohort of patients
with RP.

PATIENTS AND METHODS

Study population. Patients age ≥18 years who fulfilled
existing diagnostic criteria for RP were recruited into a prospec-
tive, observational cohort at the National Institutes of Health
(NIH) Clinical Center from August 2016 to October 2019
(15–17). Patients were recruited at any point in the disease course
from different countries with no geographic or demographic
restrictions. Consecutive patients with clinical visits to the NIH in
the time period stated were included. Patients were evaluated by
an investigative team with expertise in RP at approximately
6-month intervals. Written informed consent was obtained from
all patients, and the study was approved by local ethics review
at the NIH.

Data collection. At each visit, patients underwent a stan-
dardized comprehensive evaluation that included a clinical rheuma-
tology and otolaryngology evaluation, with direct laryngoscopy,
laboratory studies, audiology, echocardiogram, chest imaging
with a dynamic computed tomography scan, and any addi-
tional clinically appropriate evaluations such as ophthalmology
or pulmonology. Clinical signs and symptoms related to com-
mon organ involvement due to RP were recorded as either
present or absent within the past month. Blood was collected
on the day of the study visit for laboratory assessments, includ-
ing erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP) level, and complement levels. All laboratory testing was
performed in the NIH Department of Laboratory Medicine.
Elevated acute-phase reactants were defined based on levels
above the laboratory normal range, which included CRP
level 0–4.99 mg/liter, ESR 0–42 mm/hour for females and
0–25 mm/hour for males.

PhGA scoring. From the data collected at each patient visit,
de-identified clinical vignettes were created that summarized cur-
rent symptoms, physical examination findings, laboratory results,
imaging findings, and other diagnostics (e.g., audiogram) at each
visit. Using these clinical vignettes derived from patient data,
3 practicing rheumatologists from the evaluating institution (MAF,
KAQ, and PCG) with expertise caring for patients with RP scored
the PhGAs for each study visit blinded to each other. The amount
of direct clinical observation of patients in the cohort differed
between the raters, and 1 rater only directly evaluated <10% of
the patients in the cohort. PhGA was scored on a scale of
0 (defined as the absence of disease activity) to 10 (defined as
maximum disease activity), based on an overall assessment of
disease activity in the past month. Raters were instructed to con-
sider only symptoms directly attributable to disease activity rather
than damage. The raters agreed that a score of 0 would define
clinical remission. Ratings were analyzed for discordance, defined
as a difference of 3 or more points on the PhGA between any
2 raters (18). For visits with concordant ratings, a final PhGA was
assigned based on averaging the 3 raters and rounding to the
nearest whole number. Discordant PhGAs were adjudicated by
group discussion among the raters.

To compare frequencies of organ involvement across levels
of PhGA, PhGAs were categorized on the following scale: 0, 1 or
2, 3 or 4, and ≥5. To determine whether acute-phase reactants
impacted the rating of PhGA, a subset of 60 randomly selected
study visits were scored a second time, except that ESR and
CRP values were withheld. Scores when ESR and CRP were
withheld were compared to scores when this information was
available. To describe the cumulative number of symptoms, a dis-
ease activity summary score was created. The disease activity
summary score was defined as the total number of active disease
manifestations on a scale of 0–9 that a patient experienced in
the previous month of the following 9 items: auricular chondritis,
nasal chondritis, chondritis of the chest wall, cardiovascular
involvement, respiratory chondritis, eye involvement, hearing
loss, vestibular dysfunction, and joint involvement. Each item
equaled 1 point.

To assess interrater reliability of PhGA among physicians
who practice outside of the evaluating institution, clinical vignettes
from 20 unique patients (25% of the cohort) were randomly
selected and independently scored by 3 physicians (LA, AS, and
HY) from different regions of the world (France, India, and Japan,
respectively). Each of these raters has >10 years of experience
caring for patients with RP, and none of these raters directly eval-
uated any of the patients in this study.

Response to treatment. Response to treatment was
analyzed in patients who provided data from at least 2 study
visits. A detailed history of immunosuppressive therapy, including
glucocorticoids, synthetic disease-modifying antirheumatic drugs
(DMARDs; including targeted synthetic agents [JAK inhibitors]),

SIGNIFICANCE & INNOVATIONS
• Physician global assessment (PhGA) can be used to

monitor disease activity in relapsing polychondri-
tis (RP).

• Acute-phase reactants are not elevated in most
patients with RP and weakly correlate with PhGA.

• Persistently active disease is more common than a
relapsing-remitting pattern of disease activity in RP.

• Despite treatment, few patients with RP achieve a
PhGA score of 0, indicating an absence of disease
activity.
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and biologic DMARDs was recorded at each visit. Treatment
decisions were made by the referring physicians rather than the
investigative team. The PhGA raters were blinded to treatment
data. Treatment change between consecutive visits was catego-
rized as increased, decreased, or unchanged. A change in treat-
ment was defined as any of the following: a daily prednisone
dose change of >5 mg, the addition or removal of a DMARD ther-
apy, a decrease in dose of DMARD therapy ≥50%, or an increase
in dose of DMARD therapy ≥50% at the time of the follow-up visit
relative to the previous visit (13).

Statistical analysis. Demographic and clinical variables
were expressed asmedian and interquartile range (IQR), or frequen-
cies, according to data type. The intraclass correlation coefficient
(ICC2,1) and 95% confidence intervals (95% CIs) were calculated
using the icc function of the R package irr to determine interrater reli-
ability between the PhGA raters. This model was chosen to assess
interrater reliability because of its feasibility with >2 raters (18). ICC
results were interpreted as follows: <0.4 = poor, 0.40–0.59 = fair,
0.60–0.74 = good, and 0.75–1.0 = excellent (19). Spearman’s rank
correlation analysis was used to evaluate the strength of association
between PhGA and continuous variables and the correlation
between different raters. Organ-specific signs and symptoms of
RP were compared between the proportion of visits with PhGA
≤2 and the proportion of visits with PhGA ≥3 using Fisher’s exact
test. Wilcoxon’s signed rank test was used to compare changes in
PhGA and CRP level in association with treatment status and with
addition/increase or subtraction/decrease of specific categories of
medications. The chi-square test was used to compare the propor-
tion of patients who increased treatment in the first visit interval com-
pared to other visit intervals. P values less than 0.05 were
considered significant. All statistical analysis was performed using
JMP 14, PRISM 8, or RStudio 1.2.5001.

RESULTS

Characteristics of the cohort. In all, 78 patients were
evaluated over 164 study visits over a median follow-up period
of 6 months (IQR 0, 16). Forty-seven patients (60.3%) had at least
1 follow-up visit, with a median follow-up interval of 6 months (IQR
5, 9). The cohort was predominantly Caucasian (82.0%) and
female (83.3%). The median age at the baseline visit was 45 years
(IQR 36, 55), and the median disease duration from symptom
onset was 8 years (IQR 4, 16). The median CRP level was 2.2
(IQR 0.7, 6.9) mg/liter at the baseline visit and the ESR was 10.5
(IQR 5, 20.8) mm/hour. Most patients (78.2%) were receiving
treatment at their first visit. Demographics and clinical characteris-
tics of the participants at the baseline visit are shown in Table 1.

PhGA ratings. Of 164 study visits, the median for PhGA
ratings by each of the 3 raters at the evaluating institution was
3 (IQR 2, 4), 2 (IQR 1, 3), and 2.5 (IQR 2, 3). For 6 of 164 visits

(3.7%), the ratings by the 3 raters were discordant. After adju-
dicating the discordant ratings, the median assigned PhGA
was 3 (IQR 2, 3), ranging from 0 to 7. The distribution of the
final assigned PhGA score is shown in Figure 1A. Patients had
PhGA scores of 0 at 4 visits (2.4%), scores of 1–2 at 76 visits
(46.3%), scores of 3–4 at 62 visits (37.8%), and scores of
≥5 at 22 visits (13.4%).

Interrater reliability of PhGA ratings. When compar-
ing ratings across all study visits by the 3 physicians from the

Table 1. Baseline study population characteristics (n = 78)*

Characteristic Value

Caucasian 64 (82.1)
Female 65 (83.3)
Age at visit, median (IQR) years 45 (36, 55)
Disease duration, median (IQR) years 8 (4, 16)
Number of visits, median (IQR) 2 (1, 3)
Follow-up period, median (IQR) months 6 (0, 16)
Laboratory
CRP, median (IQR) mg/liter† 2.2 (0.7, 6.9)
ESR, median (IQR) mm/hour‡ 10.5 (5, 20.8)
Elevated acute-phase reactants 28 (36.8)

Symptom frequencies at visit
attributed to RP in 28 days

Musculoskeletal 65 (83.3)
Arthralgia or stiffness 57 (73.1)
Tenosynovitis or synovitis 25 (33.3)

Nasal chondritis 34 (43.6)
Auricular chondritis 19 (24.4)
Chest wall chondritis 42 (53.8)
Audiovestibular 2 (2.6)
Vestibular dysfunction 0
Sensorineural hearing loss 2 (2.6)

Cutaneous 2 (2.6)
Respiratory chondritis§ 44 (56.4)
Wheezing 3 (3.8)
Voice changes 17 (21.8)
Dry cough 24 (30.8)
Dyspnea 29 (37.2)

Cardiovascular involvement 1 (1.3)
Eye involvement 0
Subglottic inflammation 7 (10.2)
Tracheal wall thickness ≥3 mm 18 (24)
Tracheomalacia 31 (42.3)
Bronchomalacia 10 (13.7)
Current treatment
No treatment 17 (21.8)
Prednisone dose, median (IQR) mg 5 (0, 20)
At least 1 synthetic DMARD 44 (56.4)
At least 1 biologic DMARD 17 (21.8)

Activity scores, median (IQR)
Physician global assessment 3 (2, 3)
Disease activity summary score 3 (2, 3)

* Values are the number (%) unless indicated otherwise.Missing val-
ues: subglottic inflammation (n = 9), tracheal wall thickness (n = 5),
tracheomalacia (n = 5), bronchomalacia (n = 5). CRP = C-reactive
protein; DMARD = disease-modifying antirheumatic drug; ESR =
erythrocyte sedimentation rate; IQR = interquartile range.
† Laboratory normal range: 0–4.99 (n = 77).
‡ Laboratory normal range: 0–42 mm/hour for females and
0–25 mm/hour for males (n = 76).
§ Respiratory chondritis includes symptoms, not objective findings.
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evaluating institution, the ICC2,1 was excellent at 0.79 (95% CI
0.73, 0.84). For the 20 visits randomly selected for additional
review, the ICC2,1 was excellent at 0.85 (95% CI 0.72, 0.93) for
the 3 physicians at the evaluating institution but was poor at
0.27 (95% CI −0.01, 0.53) for the additional raters from outside
institutions. The ICC2,1 for all 6 raters in the subset of 20 visits
was poor at 0.21 (95% CI 0.06, 0.44). A scatter plot of the ratings
for all 6 raters is shown in Figure 2A. There was a significant pos-
itive correlation (P < 0.01) between each of the 3 raters from the
evaluating institution. No correlation was observed between the
outside raters with each other or with the raters from the evaluat-
ing institution (Figure 2B).

Laboratory variables and PhGA. ESR was elevated
above the laboratory normal range at 22 of 162 visits (13.6%),
and CRP level was elevated at 44 of 163 visits (27.0%). In each
case, elevated acute-phase reactants were believed to be associ-
ated with disease activity and not related to a secondary process.
The PhGA score was weakly correlated with CRP level (rs = 0.30,
P < 0.01) but not with ESR (rs = 0.13, P = 0.10). Similar results
were found when analyzing only data from the baseline visits (data
not shown).

To investigate the contribution of acute-phase reactants
(ESR and CRP) to PhGA scores, 60 clinical vignettes were
rescored without providing values for acute-phase reactants. For
visits when at least 1 of the acute-phase reactants was elevated,
the median PhGA rating was 3 (IQR 2, 4) when the acute-phase
reactant information was provided; however, repeat PhGA ratings
were significantly lower, with a median of 2 (IQR 1, 3), when infor-
mation about acute-phase reactants was omitted (P = 0.02)
(Figure 1B). For visits with normal values for the acute-phase

reactants, there was no difference in PhGA ratings when informa-
tion about these tests was available (2 [IQR 2, 3]) compared to
when the information was withheld (2 [IQR 1, 3]; P = 0.32)
(Figure 1B). While CRP level positively correlated with PhGA rat-
ings when this information was provided (rs = 0.25, P = 0.05)
(see Supplementary Figure 1A, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24574), CRP level did not correlate with the PhGA score when
information about acute-phase reactants was withheld (rs =
−0.013, P = 0.92) (see Supplementary Figure 1B, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24574).

Association between clinical symptoms and PhGA.
To determine signs and symptoms that contribute to PhGA rat-
ings, symptom frequencies were assessed. PhGA scores did
not significantly differ based on the presence or absence of most
symptoms, except that significantly greater PhGA scores were
observed in association with arthralgia/stiffness and wheezing
(Table 2). There was no difference in symptom frequencies
assessed between visits with PhGA ≤2 and with PhGA ≥3 (see
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24574).

The disease activity summary score ranged from 0 to 5 with a
median of 2 (IQR 1, 3). Across all visits, the disease activity sum-
mary score was not correlated to PhGA score (rs = 0.087,
P = 0.27). However, for the 60 visits that were rescored without
acute-phase reactant information provided to the raters, PhGA
ratings were significantly correlated with the disease activity sum-
mary score (rs = 0.51, P < 0.01) (see Supplementary Figures 1C
and 1D, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24574).

Figure 1. Distribution of physician global assessment (PhGA) scores in relapsing polychondritis. A, Histogram shows the distribution of PhGA
scores for 164 visits (median 3 [interquartile range 2, 3]). B, Box and whisker plot of PhGA scores when information about erythrocyte sedimenta-
tion rate and C-reactive protein level was provided to the raters (no stripes) or withheld from raters (stripes). Whiskers show 5th to 95th percentile,
60 visits included.
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Change in PhGA over time. Of the 86 follow-up visits from
47 patients, the interval changes in PhGA scores ranged from −5
to 3. Between consecutive visits, the median change was 0
(IQR –1, 1). PhGA scores increased by 2 or more between 12 visit
intervals (14.0%), decreased by 2 or more between 16 visit intervals
(18.6%), and remained unchanged for 30 visit intervals (Figure 3A).
The median for the first 4 study visits were 3 (IQR 2, 5), 2 (IQR 1, 3),
2 (IQR 2, 3), and 2 (IQR 1, 3), respectively. There was a significant
decrease between the baseline visit compared to each of the next
3 follow-up visits (P < 0.01). There were no significant differences in
PhGA scores between any of the follow-up visits (Figure 3B).

Change of PhGA in response to treatment. Of the
86 follow-up visits from 47 patients, there was an increase in
treatment over 55 visits, a decrease in treatment over 14 visits,
and no change in treatment over 17 visits. The proportion of visits
with increased treatment was greater in the first visit interval
(74.5%) compared to all other intervals (P = 0.03). Patients who
had an increase in treatment between visits showed a decrease
in PhGA score from 3 (IQR 2, 4) to 2 (IQR 2, 3; P < 0.01)
(Figure 3C). PhGA did not change between visits in patients who
decreased treatment or who had no change in treatment. For visit
intervals with no change in treatment, PhGA ratings stayed the

Figure 2. Physician global assessment (PhGA) scores of clinical vignettes by 6 independent raters. A, Scatter plot shows the PhGA scores for
20 patients by 3 raters from the evaluating institution (black circles) and 3 additional outside raters (blue triangles). B, Correlation matrix shows
the Spearman’s correlation between each the 6 raters for the 20 patient visits. # = rater from the evaluating institution. Scores were significantly
correlated (P < 0.01) only between the 3 raters from the evaluating institution. Color bar represents the degree of correlation between raters.

Table 2. Median PhGA for visits with symptom present compared to visits when symptom not present*

Symptom No PhGA symptom PhGA symptom P

Musculoskeletal involvement 2.5 (1, 3) 3 (2, 4) 0.57
Arthralgia or stiffness 2 (1, 3) 3 (2, 4) 0.024
Tenosynovitis or synovitis 2.5 (1, 4) 3 (2, 3) 0.49

Nasal chondritis 2 (2, 3.25) 3 (1.75, 3.25) 0.91
Auricular chondritis 2 (2, 3) 3 (2, 4) 0.45
Chest wall chondritis 2 (2, 3) 3 (2, 4) 0.42
Audiovestibular 3 (2, 3) 2 (1.75, 4.25) 0.88
Vestibular dysfunction 3 (2, 3.25) 2 (2, 2) 0.45
Sensorineural hearing loss 3 (2, 3) 3 (1.4, 4.5) 0.94

Cardiovascular involvement 3 (2, 3) 3 (3, 3) 0.66
Eye involvement 3 (2, 3.5) 2 (2, 2) 0.36
Respiratory chondritis 2 (2, 3) 3 (2, 4) 0.21
Wheezing 2.5 (2, 3) 3.5 (2.25, 5) 0.045
Voice changes 3 (2, 3) 3 (1.75, 4) 0.61
Dry cough 3 (2, 3) 2 (1.75, 4) 0.99
Dyspnea 2 (2, 3) 3 (2, 4) 0.12
Choking sensation 3 (2, 3.5) 3 (2, 3) 0.87

* Values are the median (interquartile range) unless indicated otherwise. PhGA = physician global assessment.
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same (2 [IQR 1, 3]; P = 0.77), and for visits that decreased in
treatment, PhGA scores went from 2 (IQR 2, 3) to 2 (IQR 1, 3;
P = 0.49). Patients who increased treatment had greater median
PhGA scores at the visit before the treatment change compared
to patients who did not change treatment: 3 (IQR 2, 4) versus
2 (IQR 1, 3; P = 0.02). There were no other significant differences
in PhGA scores between the pre- or posttreatment groups.
Similarly, there was a significant decrease in median CRP levels
following an increase in treatment from 2.3 (IQR 0.6, 4.4) mg/liter
to 0.9 (IQR 0.3, 4) mg/liter (P = 0.04) but no change in CRP level
with either decreasing or not changing treatment. There were no
changes in ESR between visits with increasing, decreasing, or
not changing treatment. Adding either a synthetic (including tar-
geted synthetic) DMARD or a biologic DMARD was associated
with a significant decrease in PhGA ratings between visits,
from 3 (IQR 2, 3.25) to 2 (IQR 1, 3) and from 3.5 (IQR 3, 5)

to 3 (IQR 2, 3) (P = 0.04 and P < 0.01, respectively) (Figure 3D).
Withdrawal of a synthetic or biologic DMARD was not associated
with a change in PhGA score. Prednisone dose was not corre-
lated with PhGA score (rs = −0.087, P = 0.27).

DISCUSSION

This study was undertaken to characterize PhGA for RP, a
rare disease that lacks validated outcome measures. PhGA
was not a reliable measure of disease activity among raters from
different institutions, highlighting a need to develop and validate
disease-specific activity indices in RP. Despite this limitation,
PhGA was reliable and useful to monitor disease activity in
response to treatment within a single-center observational
cohort study of patients with RP. Persistent disease activity
was common in RP despite treatment, and most patients with

Figure 3. Interval change in physician global assessment (PhGA) score in association with treatment. A, Histogram shows change in PhGA
scores between consecutive visits over 86 visit intervals. B, Box and whisker plots of PhGA scores from 4 consecutive study visits in 47 patients
with at least 2 study visits. The medians for the first 4 visits were 3 (interquartile range [IQR] 2, 5), 2 (IQR 1, 3), 2 (IQR 2, 3) and 2 (IQR 1, 3), respec-
tively.C, Box and whisker plots of PhGA scores from 2 consecutive study visits categorized by an increase in treatment, no change in treatment, or
a decrease in treatment between visits. Dots = visit A; stripes = visit B. D, Box and whisker plots of PhGA scores from consecutive study visits in
relation to specific treatment changes between visits. DMARD = disease-modifying antirheumatic drug; dots = visit A; stripes = visit B; black dots
(B) = outlier values; white circles (C and D) = outlier values during initial visit; white squares (C and D) = outlier values on follow up visit.
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RP did not experience a relapsing-remitting pattern of disease
activity.

The factors that influence PhGA ratings in RP are complex
and can lead to differences in clinical assessment of disease activ-
ity. For example, accurate determination of airway inflammation
based on clinical symptoms and direct observation of only the
upper airway can be challenging. In this study, very few individual
signs or symptoms were independently associated with PhGA
score, highlighting the fact that disease activity assessment in
RP is likely driven by multifaceted factors. Issues of study design
may contribute to the lack of strong associations between PhGA
score and individual clinical symptoms. Patients were often evalu-
ated later in the disease course while receiving treatment, which
may have blunted associations between individual symptoms
and disease activity assessment. Additionally, clinical symptoms
were categorized as present or absent. The degree of severity of
individual symptoms may have been more strongly associated
with PhGA score.

Multiple measures point to a moderate influence of ESR and
CRP level, particularly when elevated, on PhGA ratings. CRP level
weakly correlated with PhGA score. However, at most visits,
patients had normal acute-phase reactants despite ongoing
symptoms attributable to RP. Without the acute-phase reactant
information, symptom-based variables appear to carry more
weight in the PhGA rating. Because in RP differentiating between
disease activity and damage can be difficult, knowledge of the
acute-phase reactant levels influences to what extent the rater
considers clinical symptoms as representative of active disease.
These findings are consistent with findings in other rheumatic dis-
eases, such as systemic lupus erythematosus, where laboratory
data have been shown to significantly impact PhGA assessment
(20). Together, these data show that laboratory markers interplay
with other factors in the assessment of disease activity in RP.

The distribution of PhGA scores provides insight into disease
activity profiles in patients with RP. In this study, most patients
had PhGA scores between 1 and 3. There were few patients with
PhGA scores >3 and only a small number of patients who
achieved a PhGA score of 0. The small number of patients with
a PhGA score of 0 points to the difficulty of completely eliminating
disease activity, even with treatment. Selection bias may affect the
distribution of PhGA scores, as patients on either extreme on
the PhGA scale may have been less likely to enroll and travel to
the NIH to participate in this study. In some cases, when clinical
symptoms were minor, distinguishing between other etiologies
rather than true disease activity may have been difficult, which is
affirmed by the rating differences of PhGA when information
about elevated acute-phase reactants is provided versus with-
held. Differentiating activity from damage remains an important
challenge in the assessment and care of patients with RP.

Examination of PhGA scores over time provides insight into
the natural history of RP and treatment response. Based on
change in PhGA ratings over consecutive visits, RP worsens in

only a few patients on treatment, improves slightly in many
patients with treatment, and stays the same only in those
patients who already had low disease activity. Contrary to the
disease name, relapsing polychondritis, patients with multiple
visits did not show a relapsing-remitting pattern. Rather, there
was a significant decrease in disease activity between the first
and second visits, and most patients remained relatively stable
over subsequent visits, with ongoing persistent mild disease
activity despite treatment. Treatment escalation most often
occurred after the initial study visit. Increasing treatment with
either synthetic, targeted synthetic, or biologic DMARDs was
associated with a lower PhGA score at subsequent follow-up
visits, but PhGA score was not correlated with glucocorticoid
dose. Improvement in PhGA following increased treatment sug-
gests that aggressive pharmacologic measures for patients with
active disease does help, as suggested by others (21). Alterna-
tively, improvement in PhGA score only during the initial obser-
vation interval could represent regression to the mean or the
natural history of disease.

This study has some limitations. This was not an inception
cohort; therefore, patients were enrolled at various stages of dis-
ease and many had RP for years. This limitation is somewhat
countered by a relatively large sample size for a rare disease, pro-
spective data collection, and a standardized assessment proto-
col. Studying patients later in the disease course may have
restricted the range of disease activity observed in this study.
Cumulative glucocorticoid dosing was not examined, which could
explain the lack of association of PhGA score and glucocorticoid
dose. While this study begins to explore the association of labora-
tory and symptom-based factors with PhGA ratings in RP, the
composite drivers of PhGA scores are yet to be determined.

Validation of a disease-specific activity index is an unmet
need in RP. While PhGA is simple to implement, it is a generic
measure of disease activity that lacks the nuance of a disease-
specific index. A disease-specific activity index may standardize
activity assessment in RP and improve agreement among investi-
gators from different institutions. The RPDAI is a proposed
disease-specific tool to quantify disease activity in RP, and efforts
are currently underway to modify and validate this index (4).

Assessment of the PhGA in a cohort of patients with RP is a
necessary step toward the goal of outcome measure develop-
ment and validation in RP. PhGA is useful to monitor disease
activity in RP but may not be reliable across different institutions.
The complexity of factors influencing PhGA ratings highlights the
challenges of clinical assessment in RP. Development of
disease-specific outcome measures is a prerequisite to the suc-
cessful conduct of much-needed randomized clinical trials in RP.
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Relationship Between Changing BodyMass Index and Serum
Uric Acid Alteration Among Clinically Apparently Healthy
Korean Men

Jiwon Hwang,1 Mi Yeon Lee,2 Joong Kyong Ahn,2 and Hoon-Suk Cha3

Objective. Gout and hyperuricemia incidence is increasing worldwide, reflecting pandemic overweight and
obesity. However, the magnitude of the association of body mass index (BMI) changes with serum uric acid
(UA) level in the general population has remained unevaluated.

Methods. This retrospective cohort study enrolled 27,422 Korean men who underwent a comprehensive health
check-up between 2015 and 2017. BMI change was categorized into 7 groups. The relationship between BMI change
and serum UA level alteration was determined using multivariable regression models.

Results. The mean age, BMI, and serum UA level were 38.8 years, 24.7 kg/m2, and 6.2 mg/dl, respectively. All BMI
change categories had a clear dose-response relationship with the serumUA level changes. The corresponding β coef-
ficient of serum UA level changes was 0.13 (95% confidence interval [95% CI] 0.11, 0.16), 0.25 (95% CI 0.2, 0.3), and
0.44 (95%CI 0.36, 0.52) for a BMI decrease of 0.5–1.5, 1.5–2.5, and ≥2.5, respectively. Compared with no BMI change,
the multivariate odds ratios of achieving normouricemia for a BMI increase of 0.5–1.5, 1.5–2.5, and ≥2.5 were 0.88
(95% CI 0.83, 0.95), 0.67 (95% CI 0.60, 0.75), and 0.60 (95% CI 0.49, 0.74), whereas those for a BMI decrease of
0.5–1.5, 1.5–2.5, and ≥2.5 were 1.17 (95% CI 1.07, 1.27), 1.28 (95% CI 1.08, 1.52), and 1.46 (95% CI 1.13, 1.88),
respectively.

Conclusion. BMI change could have a significant association with the alteration of serum UA levels of apparently
healthy men. Despite its small effect size, the health risks and benefits of BMI change would be emphasized for serum
UA level alteration.

INTRODUCTION

Uric acid is the end product of purine metabolism in humans

because unlike most mammals, humans lack uricase (1). Thus,

serum uric acid (UA) levels in humans are higher than those in

other mammals. Subsequently, some advantageous roles of uric

acid in humans have been hypothesized along with the discover-

ies of high antioxidant capacity and relevantly increased life

expectancy, the maintenance of blood pressure (BP) to sustain a

vertical position, and higher intelligence and neuroprotection (2).
Despite the physiologic and beneficial expectations for uric

acid role, hyperuricemia is the main cause of gout, thereby

regarded as a health threat. Furthermore, hyperuricemia has been

associated with various diseases, including chronic kidney

disease, diabetes mellitus, metabolic syndrome, fatty liver dis-

ease, stroke, coronary artery disease, and hypertension (3,4).

Hence, the globally increasing prevalence and incidence of hyper-

uricemia and gout are important issues (5). For instance, the prev-

alence and incidence of gout in South Korea were predicted to

further increase in 2025 (6).
The burden of gout and hyperuricemia may reflect the status

of modern society in terms of aging, comorbidities, polyphar-

macy, and lifestyle and dietary factors including purine-rich food

(7–9), and even pandemic overweight and obesity (10,11). Thus,

weight control is commonly recommended for gout and asymp-

tomatic hyperuricemia. In fact, recent American and European
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guidelines conditionally have recommended weight loss as a non-

pharmacologic measure for gout management (12,13).
Prior studies have had several aspects that failed to explain

general weight and uric acid reduction. These aspects are as fol-
lows: 1) a specific intervention, such as bariatric surgery or physi-
cal activity, was performed (14,15); 2) a special group, such as
men with high cardiovascular risk profiles or people with obesity,
was targeted (16,17); or 3) the effects were assessed only in peo-
ple with gout (18). According to a recent Chinese study, body
mass index (BMI) is associated with serum UA in the general pop-
ulation in terms of age and sex; subjects with active BMI gain were
more likely to develop hyperuricemia than their respective normal-
weight controls (19).

The aim of our study was to evaluate the association of
weight change (gain or loss) with subsequent alteration of serum
UA levels (rise or fall) according to BMI variance in apparently clin-
ically healthy men. A retrospective observational cohort study was
conducted using health screening examination data that had
been serially checked. The impact of weight change on achieving
target serum UA levels was also investigated using 2 different tar-
gets: <7 and <6 mg/dl.

SUBJECTS AND METHODS

Study population. We recruited men who consecutively
underwent a health examination between 2015 and 2017 in one
of the Kangbuk Samsung Hospital Total Healthcare Centers
located in Seoul and Suwon in Korea. This regular examination
conforms to the South Korea’s Industrial Safety and Health Law,
which requires annual or biennial free health check-ups for all
employees. More than 80% of the study participants were
employees of various companies and local governmental organi-
zations; other participants voluntarily engaged in the health
check-up program at their own expense.

We screened 78,756 men; however, we excluded those who
had underlying conditions such as heart disease (n = 693), hyper-
tension (n = 9,975), diabetes mellitus (n = 3,025), stroke (n = 362),
malignancy (n = 1,417), chronic kidney disease (n = 259), and
chronic liver disease (n = 40), and those who were taking medica-
tion for hypertension, dyslipidemia, gout, and nephrolithiasis
(n = 8,386). We also excluded those who did not answer the food
frequency questionnaires (FFQ) (n = 38,583) and who hadmissing
values for the continuous covariates (n = 14,142). Thereafter, we
categorized the participants according to health check-up inter-
val. Respectively, 27,422 and 13,603 men were eligible for the
biennial examination in 2015 and 2017 and the annual examina-
tion in 2015, 2016, and 2017, consecutively. The Ethics Commit-
tee of the Kangbuk Samsung Hospital approved this study
(number KBSMC 2019-09-001), and informed consent was not
required because a deidentified database was used to analyze
the data retrospectively.

Assessment of serum UA, BMI variance, and other
covariates. Comprehensive medical check-ups including labo-
ratory tests and anthropometric measurements (height, weight,
BP, and physical activity) were skillfully executed as previously
described (20,21). All enrolled participants completed a
103-item, self-reported FFQ, which is a semiquantitative form
designated and validated in Korea (22).

We collected the following data: age (years); weight (kg);
height (m); smoking status (never, former, and current); alcohol
consumption (gm/day); health-enhancing physical activity
(HEPA) level; education level (high school or college graduate);
medication and medical history; daily dietary intake of total energy
(kcal), total protein (gm), total fat (gm), fiber (gm), calcium (mg),
and vitamin C (mg) based on the FFQ; and the laboratory results
for uric acid, calcium, phosphorus, alkaline phosphatase (AP),
low-density lipoprotein (LDL) cholesterol, creatinine, and high-
sensitivity C-reactive protein (hsCRP). BMI was calculated as the
weight (kg) divided by height squared (m2); BMI ≥25 kg/m2, which
is the proposed cutoff for Asian populations, indicated obesity
(23). HEPA was defined when either of 2 criteria were satisfied:
1) vigorous-intensity activity for ≥3 days per week accumulating
in ≥1,500 metabolic equivalent task (MET) minutes/week; or 2)
7 days of any combination of walking, moderate-intensity, or
vigorous-intensity activities achieving at least 3,000 MET
minutes/week (24). Furthermore, the estimated glomerular filtra-
tion rate (eGFR) was calculated using the Modification of Diet in
Renal Disease Study equation (25). The homeostasis model of
assessment–estimated insulin resistance (HOMA-IR) level was
calculated as the fasting insulin (mU/liter) × fasting glucose
(mmoles/liter)/22.5.

In this study, hyperuricemia was defined as serum UA ≥7
mg/dl, and normouricemia as serum UA <7 mg/dl. We estimated
serum UA level variability according to BMI variance, which was
defined as the difference of BMI between the first examination

SIGNIFICANCE & INNOVATIONS
• Over 2 years, more participants experienced a gain

in body mass index (BMI) instead of a loss (37.3%
versus 19.6%).

• BMI change over 2 years was positively associated
with serum uric acid (UA) levels: 1) serum UA level
increased as BMI increased, while serum UA level
decreased as BMI decreased; and 2) the more that
BMI changed, the larger the serum UA level alter-
ation, while the lesser the BMI change, the smaller
the serum UA level alteration.

• More loss of BMI was likely to attain the target
serum UA levels, both of normouricemia or
<6 mg/dl.

• The present study suggests a possible basis for BMI
change in serum UA levels among apparently
healthy men.
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and the last examination (i.e., the BMI of the 2015 examination
minus the BMI of the 2017 examination). Based on the increase
or decrease of BMI variance, the study population was catego-
rized into 7 groups as follows: increase of BMI (>2.5, 1.5–2.5,
and 0.5–1.5); no change (−0.5 to 0.5); and decrease of BMI
(>2.5, 1.5–2.5, and 0.5–1.5).

Statistical analysis. Data were reported as means ±
SD. We used median and interquartile range for continuous
variables and numbers and percentages for categorical variables.
According to the BMI variance categories, the variables of the
study population were compared using analysis of variance,
Kruskal-Wallis H test, and chi-square test.

We assessed the association between BMI variance and
serum UA variability via multiple linear regression analysis in which
the serum UA level (mg/dl) alteration served as the dependent var-
iable, and the BMI variance categorized into 7 groups served as
the independent variable, after adjusting for potential confound-
ers. We also examined the impact of BMI variance on achieving
the target serum UA levels through binary logistic regression analy-
sis in which we set 2 targets of serum UA levels and separately
addressed each target as the dependent variable. The 2 targets
were as follows: 1) <7mg/dl of the universally acknowledged upper
normal limit in men (normouricemia); and 2) <6mg/dl of the officially
endorsed therapeutic target in patients with gout. Of the multivari-
able regression analyses, model 1 was adjusted for age, education
level, smoking status, daily alcohol consumption, HEPA, and sys-
tolic BP (SBP); model 2 was adjusted for the total energy, total pro-
tein, total fat, fiber, calcium, and vitamin C intake based on the FFQ
in addition to the variables listed in model 1; and model 3 was
adjusted for the laboratory results for calcium, phosphorus, AP,
LDL cholesterol, hsCRP, eGFR, and HOMA-IR in addition to the
listed variables of model 2.

Through stratified analysis, we identified the effect modifica-
tion of BMI variance on target serum UA level achievement in
prespecified subgroups as follows: age (<43.5 years versus
≥43.5 years), alcohol consumption (<20 gm versus ≥20 gm of
alcohol per day), physical activity level (<1 times/week, ≥1 times/
week but insufficient HEPA, and HEPA), BMI (<25 kg/m2 versus
≥25 kg/m2), education level (≤ high school graduate versus ≥

college graduate), and HOMA-IR (<2.5 % versus ≥2.5 %). Each
stratumwas examined using the fully adjusted model. Interactions
between subgroups were tested using likelihood ratio tests to
compare models with and without product terms.

All analyses were first performed for subjects who undertook
biennial examination (n = 27,422) and then reperformed for those
who had annual examinations in the consecutive 3 years as a
sensitivity analysis (n = 13,603; for baseline characteristics, see
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24576).
All significance tests were 2-tailed, and P values less than 0.05

indicated statistical significance. To analyze the data, we used
Stata software, version 16.1.

RESULTS

Baseline characteristics of the study population.
Table 1 gives the characteristics of the study population according
to BMI variance. The mean ± SD baseline age and serum UA level
were 38.8 ± 6.6 years and 6.23 ± 1.2 mg/dl, respectively. Addition-
ally, 25.3% of the population had hyperuricemia at baseline; the
more increased the BMI, the more hyperuricemic the subject was
at baseline. The average BMI was 24.7 ± 2.9 kg/m2, and younger
participants had a larger BMI variance over 2 years, either being
increased or decreased. In addition, the larger the BMI variance,
themore frequent the baseline obesity was. Participants with amore
decreased BMI weremore likely to have heavier weight, higher SBP,
andmore elevated LDL-C and HOMA-IR at baseline than those with
less decreased BMI. Diet seemingly had insignificant tendencies,
excluding energy and total fat intake; the more the BMI decreased,
the higher the energy intake at baseline, while the smaller the BMI
variance, the lower the total fat intake at baseline.

Relationship between BMI variance and SUA vari-
ability.Over 2 years, participants with increased BMI were higher
in number than those with decreased BMI (37.3% versus 19.6%).
Serum UA level variability had a graded association with BMI vari-
ance in terms of the direction and size of change; the more the
BMI increased, the more the SUA level increased, while the more
the BMI decreased, the more the serum UA level decreased
(Table 2). The association remained significantly strong, with a
comparable β coefficient size in models 1, 2, and 3 after covariate
adjustment. For every 1 unit of BMI loss, the serum UA level
changed as much as 0.12 (P < 0.001). The dose-dependent rela-
tionship between the BMI variance and serum UA variability from
2015 to 2017 is depicted in Supplementary Figure 1, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24576. We also ascertained this inclination
in those who undertook 3 consecutive examinations in 2015,
2016, and 2017; for every 1 unit of BMI loss, the serum UA level
changed as much as 0.13 (P < 0.001) (see Supplementary
Table 2 and Supplementary Figure 2, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24576). Then, we further tested for the impact of
1-year change of BMI during 2015–2016 and the consecutive
change of BMI during 2015–2017 on changes in serum UA levels;
the consecutive change of BMI, either increase or decrease, could
be significantly associated with changes in serum UA levels, while
the 1-year change of BMI had no significant association with
changes in serum UA levels except for change of BMI decrease
≥1.5 (see Supplementary Tables 3, 4, and 5, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24576).
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Impact of BMI variance on the achievement of
target serum UA levels. The influence of BMI variance as a
predictor of achieving the target serum UA levels was analyzed
by binary logistic regression. First, the target serum UA level was
<7 mg/dl (normouricemia) as the dependent variable (Table 3).
Compared with no BMI change, the multivariate odds ratios
(ORs) of achieving normouricemia for a BMI increase of 0.5–1.5,
1.5–2.5, and ≥2.5 were 0.88 (95% confidence interval [95% CI]
0.83, 0.95), 0.67 (95% CI 0.60, 0.75), and 0.60 (95% CI 0.49,
0.74), respectively, whereas those for a BMI decrease of 0.5–
1.5, 1.5–2.5, and ≥2.5 were 1.17 (95% CI 1.07, 1.27), 1.28
(95% CI 1.08, 1.52), and 1.46 (95% CI 1.13, 1.88), respectively.
In every 1 unit of BMI loss, the multivariate OR for achieving nor-
mouricemia was 1.17 (95% CI 1.14, 1.20). Meanwhile, an alterna-
tive target serum UA level was <6 mg/dl (Table 4). Of this target
achievement, the multivariate ORs for a BMI increase of 0.5–1.5,
1.5–2.5, and ≥2.5 were 0.87 (95% CI 0.82, 0.92), 0.73 (95% CI
0.66, 0.81), and 0.52 (95% CI 0.42, 0.64), respectively, whereas
those for a BMI decrease of 0.5–1.5, 1.5–2.5, and ≥2.5 were
1.12 (95% CI 1.04, 0.21), 1.39 (95% CI 1.20, 1.61), and 1.74
(95% CI 1.39, 2.17), respectively. The multivariate OR for

achieving <6 mg/dl was 1.18 (95% CI 1.15, 1.21) per 1 unit of
BMI loss. Moreover, sensitivity analysis revealed a comparably
strong impact of BMI variance on achieving target SUA levels; the
multivariate OR per 1 unit of BMI loss was 1.18 (95% CI 1.13,
1.23) for achieving normouricemia and 1.20 (95% CI 1.15, 1.24)
for achieving <6 mg/dl (see Supplementary Tables 3 and 4, avail-
able at http://onlinelibrary.wiley.com/doi/10.1002/acr.24576).

Effect modification by age, alcohol intake, physical
activity, obesity, education level, and insulin resistance.
In the stratified analysis, the graded association between BMI var-
iance and the ORs to achieve the target serum UA levels seemed
to be similar across prespecified subgroups. Achieving normour-
icemia was more strongly associated in those with an age of
≥43.5 years, daily alcohol intake of ≥20 gm, BMI of ≥25 kg/m2,
and HOMA-IR of <2.5% (P for interaction <0.001, = 0.004,
<0.001, and <0.001, respectively) (Table 5). Education had a
modifying effect on achieving the lowered target serum UA levels
of 6 mg/dl (P for interaction = 0.043) (Table 6). Age, BMI, and
HOMA-IR were effect modifiers consistently in the sensitivity anal-
ysis (see Supplementary Tables 5 and 6, available on the Arthritis

Table 2. Relationship between body mass index (BMI) variance and serum uric acid variability*

BMI variance No.

Model 1 Model 2 Model 3

β (95% CI) P β (95% CI) P β (95% CI) P

BMI, 1 unit decreased 27,422 0.11 (0.10, 0.12) <0.001 0.11 (0.1, 0.12) <0.001 0.12 (0.11, 0.13) <0.001
Increase
≥2.5 478 −0.35 (−0.42, −0.28) <0.001 −0.35 (−0.42, −0.27) <0.001 −0.36 (−0.43, −0.29) <0.001
1.5–2.5 1,822 −0.18 (−0.22, −0.14) <0.001 −0.18 (−0.22, −0.14) <0.001 −0.19 (−0.22, −0.15) <0.001
0.5–1.5 7,928 −0.09 (−0.11, −0.07) <0.001 −0.09 (−0.11, −0.07) <0.001 −0.10 (−0.12, −0.08) <0.001

No change 11,815 0 (Ref.) 0 (Ref.) 0 (Ref.)
Decrease
0.5–1.5 4,184 0.12 (0.10, 0.15) <0.001 0.12 (0.10, 0.15) <0.001 0.13 (0.11, 0.16) <0.001
1.5–2.5 842 0.23 (0.18, 0.29) <0.001 0.23 (0.18, 0.29) <0.001 0.25 (0.20, 0.30) <0.001
≥2.5 353 0.42 (0.34, 0.50) <0.001 0.42 (0.34, 0.50) <0.001 0.44 (0.36, 0.52) <0.001

* 95% CI = 95% confidence interval. BMI variance means the difference between the BMI of 2015 and that of 2017. Serum uric acid
variability means the level of change between 2015 and 2017.

Table 3. Impact of body mass index (BMI) variance as a predictor for achieving the target serum uric acid level of
normouricemia*

BMI variance No.

Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

BMI, 1 unit decreased 20,496 1.12 (1.09, 1.15) <0.001 1.12 (1.1, 1.16) <0.001 1.17 (1.14, 1.2) <0.001
Increase

≥2.5 301 0.64 (0.52, 0.77) <0.001 0.64 (0.52, 0.77) <0.001 0.60 (0.49, 0.74) <0.001
1.5–2.5 1,221 0.70 (0.63, 0.78) <0.001 0.70 (0.63, 0.78) <0.001 0.67 (0.60, 0.75) <0.001
0.5–1.5 5,852 0.91 (0.85, 0.97) 0.003 0.91 (0.85, 0.97) 0.004 0.88 (0.83, 0.95) <0.001

No change 8,996 1 (Ref.) 1 (Ref.) 1 (Ref.)
Decrease

0.5–1.5 3,224 1.10 (1.01, 1.20) 0.027 1.10 (1.01, 1.2) 0.024 1.17 (1.07, 1.27) 0.001
1.5–2.5 639 1.11 (0.94, 1.32) 0.203 1.12 (0.95, 1.32) 0.185 1.28 (1.08, 1.52) 0.005
≥2.5 263 1.16 (0.90, 1.48) 0.243 1.16 (0.91, 1.49) 0.226 1.46 (1.13, 1.88) 0.004

* 95% CI = 95% confidence interval; OR = odds ratio. BMI variance means the difference between the BMI of 2015 and
that of 2017. Serum uric acid variability means the level of change between 2015 and 2017.
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Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24576). Physical activity had no modifying effect in all
analyses.

DISCUSSION

The present study evaluated the association of weight
change (gain or loss) with the subsequent changes in serum
UA levels (rise or fall) according to BMI variance in 27,422 clin-
ically healthy men. The BMI change over 2 years could be pos-
itively associated with the subsequent changes in serum UA
levels in terms of both direction and magnitude. BMI gain was
associated with rises in serum UA levels, and BMI loss was
associated with falls in serum UA levels. Small changes in
BMI were associated with low variability of serum UA levels,
while large changes in BMI were associated with high variabil-
ity of serum UA levels. The odds of achieving the target serum
UA levels showed a dose-response relationship; large gain of BMI
was associated with being more difficult to attain the target, while
small gain of BMI was associated with being less difficult. Large
loss of BMI was associated with being easier to attain the target,
while small loss of BMI was associated with being less easy. This
pattern of graded association seemed to be similar across prespe-
cified subgroups, and the modifying effects were consistently
shown in older ages (age ≥43.5 years), obesity (BMI ≥25 kg/m2),
and lower insulin resistance (HOMA-IR <2.5 %) in the main and
sensitivity analysis.

The mean serum UA level was 6.23 ± 1.22 mg/dl, and the
proportion of subjects with hyperuricemia was one-quarter
(25.3%) at baseline. These values were slightly higher than those
of our previous report on male health examinees from 2011 to
2014 (mean ± SD serum UA level 5.92 ± 1.20 mg/dl; frequency
of hyperuricemia [17.9%]) (21). Over 2 years, more subjects expe-
rienced a gain in BMI rather than a loss (37.3% versus 19.6%).
These results are consistent with the national trends of overweight
in Korean adults (26) as well as the worldwide data indicating the

rising prevalence of overweight and obesity (27). Furthermore,
the association between hyperuricemia and obesity has been
constantly suggested (28) despite the relatively limited data for
losing weight and decreasing serum UA. The strength of the pres-
ent study is greater in this regard.

Our observation corroborated prior studies that demon-
strated the impact of weight loss on serum UA level. In a prospec-
tive cohort of 12,379 men investigated for over 7 years, a graded
relationship has been observed between weight loss and nor-
mouricemia achievement in which the effect of weight loss
≥10 kg increased the odds by nearly 4-fold in a given individual
(17). In comparison, the odds of our study for achieving the target
serum UA levels of normouricemia were relatively small; when BMI
loss was >2.5 units, the OR increased by ~0.5 times only
(OR 1.46 [95% CI 1.13–1.88]). This discrepancy would stem from
the characteristics of the study population, the period of observa-
tion, and the unit of measure for weight change. These 12,379
men had a high cardiovascular risk profile, their mean serum UA
level was 407 μmoles/liter at baseline, and they were followed up
for 7 years. In our study, we recruited apparently healthy men
from a health check-up program, excluding those with high-risk
characteristics (e.g., heart disease, hypertension, diabetes melli-
tus, and stroke) and assessed their BMI and serum UA level
changes in a relatively short period (2 years). Furthermore, BMI is
a formula that considers both the height and weight and is
thereby more appropriate to gauge health-related risks. Thus,
despite the small odds, the present study obtained more practical
results regarding the relationship between weight and serum UA
level in the general population.

A southwestern Chinese study recently investigated a gen-
eral population focusing on sex- and age-specific impact for the
odds of developing hyperuricemia along with weight gain (19).
Despite the fact that the study design was different from ours, this
cross-sectional study suggested that active weight gain would
increase the likelihood of developing hyperuricemia. This impact
was modified by age; younger subjects had a higher OR than

Table 4. Impact of body mass index (BMI) variance as a predictor for achieving the target serum uric acid level of
<6 mg/dl*

BMI variance No.

Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

BMI 1 unit decreased 11,580 1.14 (1.11, 1.17) <0.001 1.14 (1.11, 1.17) <0.001 1.18 (1.15, 1.21) <0.001
Increase

≥2.5 128 0.55 (0.45, 0.68) <0.001 0.55 (0.45, 0.68) <0.001 0.52 (0.42, 0.64) <0.001
1.5–2.5 636 0.75 (0.68, 0.84) <0.001 0.76 (0.68, 0.84) <0.001 0.73 (0.66, 0.81) <0.001
0.5–1.5 3,200 0.89 (0.84, 0.94) <0.001 0.89 (0.84, 0.94) <0.001 0.87 (0.82, 0.92) <0.001

No change 5,182 1 (Ref.) 1 (Ref.) 1 (Ref.)
Decrease

0.5–1.5 1,875 1.08 (1.00, 1.16) 0.048 1.08 (1.00, 1.16) 0.048 1.12 (1.04, 1.21) 0.002
1.5–2.5 392 1.24 (1.07, 1.42) 0.004 1.24 (1.07, 1.43) 0.003 1.39 (1.20, 1.61) <0.001
≥2.5 167 1.41 (1.14, 1.75) 0.002 1.42 (1.14, 1.76) 0.001 1.74 (1.39, 2.17) <0.001

* 95% CI = 95% confidence interval; OR = odds ratio. BMI variance means the difference between the BMI of 2015 and
that of 2017. Serum uric acid variability means the level of change between 2015 and 2017.
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older subjects. Such a finding was explained by the distribution of
overweight and obesity, which were more prevalent in younger
ages. The present study identified age, BMI, alcohol, and
HOMA-IR as the effect modifiers for the association between
BMI change and achieving the target serum UA levels. There
was a difference in the insulin sensitivity between the 2 subgroups
of age, and this may bring out the modifying effect. It may be sup-
posed that the subgroups of daily alcohol ≥20 gm and of BMI ≥25
had quickly reacted to BMI change in particular. In the sensitivity
analysis, however, the ORs for modifying effect were slightly dif-
ferent but still statistically significant. Nevertheless, the tendency
of dynamic effect modification was nearly the same as that of the
main stratified analysis. Further investigations are necessary for
the precise mechanism of effect modification in the results of
this study.

The relationship between BMI and serum UA could be multi-
factorial by several feasible mechanisms. The first possible mech-
anism is the change of urinary uric acid clearance along with
weight change. Urinary uric acid excretion is seemingly inversely

proportional to insulin resistance (29). The trajectories of BMI
change strongly affect glucose and insulin metabolism (30).
Accordingly, BMI variance may lead to insulin sensitivity change,
which possibly modifies the urinary uric acid clearance, thereby
altering serum UA level. Furthermore, the response in the frac-
tional excretion of uric acid via the kidneys is different between
healthy subjects and patients with gout (31). Thus, the impact of
BMI change on serum UA level could differ among individuals with
or without gout. The second mechanism to explain the relation-
ship between BMI and serum UA could be body fat distribution.
Visceral fat accumulation was elucidated for uric acid overproduc-
tion in men with obesity; in addition, visceral fat is more closely
linked to uric acid overproduction than subcutaneous fat (32).
Moreover, reduced fat mass along with BMI loss induces truncal
fat reduction, demonstrating a positive association with serum
UA improvement in men (33). This finding deserves special
emphasis, considering that excessive android fat deposition is
associated with cardiovascular and metabolic risks, such as an
increasing serum UA level (34). Xanthine oxidoreductase (XOR)

Table 5. Effect modification of body mass index (BMI) change on achieving the target serum uric acid levels of normouricemia by clinically rele-
vant subgroups*

Subgroups No.

Increase in BMI
No

change

Decrease in BMI
P for

interaction≥2.5 1.5–2.5 0.5–1.5 0.5–1.5 1.5–2.5 ≥2.5

Age, years <0.001
<43.5 13,720 0.61

(0.48, 0.77)
0.65

(0.57, 0.75)
0.91

(0.83, 1.00)
1 (Ref.) 1.22

(1.08, 1.38)
1.23

(0.97, 1.55)
1.32

(0.95, 1.83)
≥43.5 13,702 0.47

(0.31, 0.69)
0.62

(0.50, 0.75)
0.82

(0.74, 0.91)
1 (Ref.) 1.11

(0.98, 1.25)
1.35

(1.04, 1.75)
1.66

(1.08, 2.54)
Alcohol, gm/day 0.004
<20 19,321 0.60

(0.47, 0.76)
0.66

(0.57, 0.75)
0.86

(0.79, 0.94)
1 (Ref.) 1.17

(1.06, 1.31)
1.28

(1.03, 1.58)
1.28

(0.94, 1.75)
≥20 8,101 0.60

(0.42, 0.86)
0.70

(0.57, 0.86)
0.94

(0.83, 1.06)
1 (Ref.) 1.15

(0.98, 1.34)
1.30

(0.96, 1.75)
1.88

(1.20, 2.95)
Physical activity level 0.835
<1 times/week 14,551 0.61

(0.45, 0.83)
0.65

(0.55, 0.76)
0.89

(0.8, 0.97)
1 (Ref.) 1.15

(1.02, 1.29)
1.38

(1.08, 1.75)
1.58

(1.12, 2.22)
≥1 times/week
but insufficient
to HEPA

8,670 0.53
(0.37, 0.75)

0.74
(0.60, 0.90)

0.86
(0.76, 0.97)

1 (Ref.) 1.13
(0.97, 1.32)

1.14
(0.84, 1.53)

1.09
(0.69, 1.72)

HEPA 4,183 0.71
(0.47, 1.07)

0.61
(0.47, 0.79)

0.92
(0.77, 1.1)

1 (Ref.) 1.33
(1.04, 1.69)

1.31
(0.84, 2.06)

2.08
(0.97, 4.48)

BMI, kg/m2 <0.001
<25 15,829 0.65

(0.49, 0.87)
0.70

(0.60, 0.83)
0.87

(0.79, 0.96)
1 (Ref.) 1.05

(0.92, 1.2)
1.64

(1.14, 2.37)
1.31

(0.57, 3.01)
≥25 11,593 0.59

(0.44, 0.79)
0.65

(0.56, 0.77)
0.88

(0.79, 0.97)
1 (Ref.) 1.33

(1.18, 1.49)
1.36

(1.12, 1.66)
1.72

(1.31, 2.24)
Education 0.113
≤ high school 2,934 0.81

(0.39, 1.67)
0.74

(0.52, 1.06)
0.91

(0.74, 1.13)
1 (Ref.) 1.09

(0.83, 1.44)
1.67

(0.92, 3.01)
1.85

(0.73, 4.72)
≥ college
graduate

24,331 0.59
(0.48, 0.73)

0.67
(0.59, 0.75)

0.88
(0.82, 0.95)

1 (Ref.) 1.17
(1.07, 1.28)

1.27
(1.06, 1.52)

1.43
(1.09, 1.86)

HOMA-IR, % <0.001
<2.5 23,086 0.60

(0.48, 0.74)
0.68

(0.6, 0.77)
0.90

(0.84, 0.97)
1 (Ref.) 1.14

(1.03, 1.26)
1.15

(0.93, 1.42)
1.34

(0.96, 1.88)
≥2.5 4,336 0.71

(0.42, 1.18)
0.71

(0.54, 0.94)
0.84

(0.71, 0.99)
1 (Ref.) 1.14

(0.96, 1.36)
1.37

(1.02, 1.85)
1.33

(0.91, 1.95)

* The final multivariable model was applied. HEPA = health-enhancing physical activity; HOMA-IR = homeostasis model assessment–estimated
insulin resistance.
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activity may participate in the process of BMI change and serum
UA alteration. In the purine metabolism pathway, XOR works in
the 2 final steps, catalyzing the oxidation of hypoxanthine to xan-
thine, and xanthine to uric acid (35). The plasma activity of this
enzyme is elevated in children with obesity (36) and positively
correlates with BMI and uric acid (37,38). Furthermore, human
adipose tissue is reportedly the source of hypoxanthine secretion
(39). Taken together, the alteration of serum UA level could be
induced by body fat change according to BMI variance. Hence,
we would like to concentrate on the association of body fat with
serum UA in men in the follow-up study.

In terms of serum UA variability, the impact of BMI loss in
lowering serum UA level seemed considerably smaller than the
effect of uric acid–lowering therapy (ULT). However, ULT is not
indicated for asymptomatic subjects without gout attack accord-
ing to the current guidelines despite its correlation with various
complicated diseases. Thus, evident measures other than ULT
should be recommended for those subjects. The present study

may provide the basis for health providers to comment on the
relationship between BMI and serum UA on that account, which
is another strength of this study. In addition, the consecutive
2-year BMI change could be more influential than the 1-year BMI
change to the subsequent serum UA change.

However, this observational study has some limitations. The
first is its cross-sectional nature, which imposes limits on the tem-
poral relationship. Second, weight change was assessed using
BMI variance, which is difficult to use to differentiate the change of
fat mass from that of lean mass. Third, BMI loss over 2 years was
not interventional; thus, it could be a consequence of diverse
means, such as diet and physical activity, whichmight include unin-
tentional loss. Therefore, the measures for losing weight and all the
effects of BMI loss on serum UA level are unfeasible. Fourth, we
collected data using a self-administered questionnaire, whichmight
have involved a recall bias, especially in lifestyle factors. Fifth, the
study results would not be directly applicable to patients with gout
because the study population was not formed for the purpose of

Table 6. Effect modification of body mass index (BMI) change on achieving the target serum uric acid levels of 6 mg/dl by clinically relevant
subgroups*

Subgroups No.

Increase in BMI
No

change

Decrease in BMI
P for

interaction≥2.5 1.5–2.5 0.5−1.5 0.5–1.5 1.5–2.5 ≥2.5

Age, years <0.001
<43.5 13,720 0.57

(0.45, 0.73)
0.72

(0.63, 0.82)
0.85

(0.78, 0.92)
1 (Ref.) 1.13

(1.01, 1.26)
1.39

(1.13, 1.71)
1.72

(1.28, 2.32)
≥43.5 13,702 0.31

(0.20, 0.48)
0.65

(0.54, 0.78)
0.86

(0.79, 0.93)
1 (Ref.) 1.12

(1.02, 1.24)
1.40

(1.14, 1.72)
1.70

(1.22, 2.38)
Alcohol, gm/day 0.018
<20 19,321 0.53

(0.41, 0.68)
0.70

(0.61, 0.79)
0.86

(0.80, 0.93)
1 (Ref.) 1.12

(1.03, 1.23)
1.39

(1.17, 1.66)
1.68

(1.28, 2.21)
≥20 8,101 0.48

(0.32, 0.72)
0.83

(0.68, 1.01)
0.88

(0.79, 0.99)
1 (Ref.) 1.12

(0.98, 1.28)
1.38

(1.06, 1.79)
1.83

(1.25, 2.68)
Physical activity level 0.298
<1 times/week 14,551 0.56

(0.41, 0.76)
0.76

(0.65, 0.88)
0.86

(0.79, 0.94)
1 (Ref.) 1.13

(1.03, 1.25)
1.44

(1.18, 1.76)
1.97

(1.47, 2.63)
≥1 times/week but
insufficient to
HEPA

8,670 0.47
(0.31, 0.69)

0.77
(0.63, 0.94)

0.9
(0.81, 1.00)

1 (Ref.) 1.15
(1.01, 1.32)

1.62
(1.25, 2.11)

1.39
(0.91, 2.11)

HEPA 4,183 0.5
(0.32, 0.76)

0.58
(0.45, 0.75)

0.82
(0.71, 0.96)

1 (Ref.) 1.00
(0.82, 1.22)

0.86
(0.58, 1.26)

1.62
(0.87, 3.05)

BMI, kg/m2 <0.001
<25 15,829 0.50

(0.38, 0.66)
0.77

(0.67, 0.88)
0.85

(0.79, 0.92)
1 (Ref.) 1.16

(1.05, 1.28)
1.44

(1.12, 1.85)
2.23

(1.17, 4.24)
≥25 11,593 0.58

(0.41, 0.81)
0.68

(0.57, 0.82)
0.87

(0.79, 0.97)
1 (Ref.) 1.15

(1.03, 1.28)
1.56

(1.30, 1.88)
1.97

(1.55, 2.50)
Education 0.043
≤ high school 2,934 0.40

(0.20, 0.82)
0.71

(0.52, 0.97)
0.89

(0.74, 1.06)
1 (Ref.) 1.05

(0.84, 1.32)
1.20

(0.76, 1.90)
2.22

(0.99, 4.97)
≥ college graduate 24,331 0.53

(0.42, 0.66)
0.73

(0.65, 0.82)
0.86

(0.81, 0.92)
1 (Ref.) 1.13

(1.04, 1.22)
1.42

(1.22, 1.66)
1.69

(1.34, 2.13)
HOMA-IR, % <0.001
<2.5 23,086 0.52

(0.42, 0.65)
0.76

(0.68, 0.85)
0.89

(0.84, 0.95)
1 (Ref.) 1.14

(1.05, 1.24)
1.28

(1.08, 1.51)
1.64

(1.25, 2.16)
≥2.5 4,336 0.60

(0.31, 1.17)
0.63

(0.45, 0.88)
0.77

(0.64, 0.92)
1 (Ref.) 0.91

(0.76, 1.09)
1.44

(1.08, 1.93)
1.56

(1.07, 2.26)

* The final multivariable model was applied. HEPA = health-enhancing physical activity; HOMA-IR = homeostasis model assessment–estimated
insulin resistance.
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investigating the impact of BMI change in gout. Finally, this study
included Korean men with a mean age of 38.8 years who under-
went regular health check-ups; thus, our findings might not reflect
the situation of women, other age groups, or other ethnic groups.

In conclusion, the present study suggests a possible basis
for BMI change in serum UA levels among apparently healthy
men. Although the evidence had a small effect size, the health
risks and benefits of BMI change would be emphasized for serum
UA alteration. Further research is necessary, with more focus on
elucidating the underlying mechanisms and specifying the prefer-
ential intervention of BMI change, thus identifying its optimal
degree and quantity regarding serum UA level modification.
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Relationship Between Body Mass Index, Disease Activity,
and Exercise in Ankylosing Spondylitis

Jean W. Liew,1 Milena A. Gianfrancesco,2 Susan R. Heckbert,3 and Lianne S. Gensler2

Objective. Ankylosing spondylitis (AS) is associated with elevated cardiovascular risk, and obesity is a common,
modifiable risk factor. Our aims were to assess the relationship of body mass index (BMI) with disease activity in AS
patients and to assess the extent to which the effect is mediated through exercise.

Methods. We used data from a prospective AS cohort with a median follow-up of 7 years. To determine the asso-
ciation of BMI (kg/m2) with disease activity as measured by the Ankylosing Spondylitis Disease Activity Score (ASDAS),
we used generalized estimating equations with inverse probability weighting to account for repeated measures per
subject and time-varying confounding. To estimate the direct effect of overweight/obese BMI on disease activity and
the indirect effect through exercise, we performed a mediation analysis.

Results. There were 183 subjects with available BMI and disease activity data (77% male, 70% White, mean ± SD
age 40.8 ± 13.3 years). Higher BMI was significantly associated with higher disease activity over time; on average, for a
1 kg/m2 higher BMI, the ASDAS was 0.06 units higher (95% confidence interval 0.04–0.08) after adjustment for impor-
tant confounders. The direct effect of an overweight/obese BMI accounted for most of the total effect on disease activ-
ity, with a smaller indirect effect mediated by exercise (7%).

Conclusion. Higher BMI was associated with higher disease activity in a prospective AS cohort. We found that
being overweight/obese largely influenced disease activity directly rather than indirectly through exercise. Other mech-
anisms, such as increased inflammation, may better explain the obesity–disease activity association.

INTRODUCTION

Axial spondyloarthritis (SpA) is a chronic inflammatory arthri-

tis that affects the spine and sacroiliac joints and can be sepa-

rated into ankylosing spondylitis (AS), which is also known as

radiographic axial SpA, and nonradiographic axial SpA. Epidemi-

ologic studies of axial SpA have shown that elevated acute-phase

reactants, smoking, and baseline radiographic damage are risk

factors for spinal progression (1–3). In addition, multiple

population-based studies have demonstrated increased cardio-

vascular (CV) events and CV-related mortality in axial SpA (4–8).
Traditional modifiable CV risk factors in the general popula-

tion include diabetes mellitus, hypertension, dyslipidemia,

tobacco smoking, and obesity (9). Although obesity is an impor-

tant and modifiable CV risk factor, there have been limited studies

addressing the impact of higher body mass index (BMI), or of

being overweight or obese, on clinical outcomes in axial SpA. In

a US-based registry of patients with AS and psoriatic arthritis

(PsA), obesity was a significant predictor of tumor necrosis factor

inhibitor (TNFi) switching or discontinuation (10). Two systematic

reviews and meta-analyses assessing the effect of BMI on TNFi

response in multiple inflammatory diseases found that higher

BMI was associated with increased odds of an inadequate

response to TNFi treatment in individuals with axial SpA (11,12).

Higher BMI was associated with higher disease activity scores in

observational studies of axial SpA in another systematic review

and meta-analysis; however, this analysis was limited to cross-

sectional data (13).
Sedentary behavior is another modifiable CV risk factor in the

general population (14,15). Cross-sectional studies of AS have
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demonstrated that higher disease activity was associated with

lower physical activity (16,17); however, in such studies, reverse

causation is possible. In a randomized controlled trial (RCT) con-

ducted by Sveaas et al, high intensity exercise for 3 months

resulted in improved disease activity in participants with AS (18),

providing further support for the recommendations for exercise

in axial SpA treatment guidelines (19).
The longitudinal association of BMI and disease activity in

axial SpA has not been investigated outside of cohort studies of
TNFi treatment response. The causal pathway that links BMI and
disease activity also requires further elucidation, including the role
of exercise within this pathway. The aim of this study was to
assess whether higher BMI is associated with higher disease
activity in AS patients, and to what extent this association is medi-
ated through exercise. Results from this study will support a more
causal interpretation for whether interventions to reduce BMI can
potentially improve disease activity in this patient population.

MATERIALS AND METHODS

Study population. The Prospective Study of Outcomes in
Ankylosing Spondylitis (PSOAS) cohort has been described in
detail elsewhere (20,21). Briefly, subjects were enrolled if they
were at least 18 years old and met the 1984 modified New York
criteria for AS (22). Individuals were recruited from the investiga-
tors’ clinics, patient support groups, and community rheumatolo-
gists. Enrollment for the PSOAS cohort began in 2002 and
continued through 2018. For this study, the subset of patients
enrolled and followed at the University of California, San Francisco
were utilized because complete longitudinal BMI data were avail-
able for this subset only.

Clinical evaluation was performed by a study site investigator
using standardized protocols at study entry and at subsequent

study visits every 6 months. At baseline, patient demographic
data and characteristics of AS disease status, date of symptom
onset, patient-reported outcomes, extra-musculoskeletal mani-
festations, comorbidities, and medication history were recorded.
At follow-up study visits every 6 months, patient-reported out-
comes and information on medications were collected. All medi-
cations used in the preceding 6 months were recorded, per
patient report and investigator confirmation. The number of
missed doses in the past week, month, and 6 months was also
documented, along with whether the patient was still taking the
medication. C-reactive protein (CRP) and erythrocyte sedimenta-
tion rate (ESR) levels were also determined at each study visit.
Comorbid conditions, including CV disease and risk factors, were
ascertained at baseline and every 2 years.

Variables. Exposure of interest. The exposure of interest
was BMI (kg/m2), which is a continuous variable in the data set.
For the mediation analysis, BMI was dichotomized as over-
weight/obese versus normal/underweight using the WHO classifi-
cation for overweight as ≥23 kg/m2 for Asian patients and ≥25
kg/m2 for all other racial categories.

Outcome of interest. The primary outcome of interest was
disease activity as measured by the validated Ankylosing Spon-
dylitis Disease Activity Score (ASDAS), which was a continuous
variable (possible range 0.6–7.0) (23). We also explored Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI) score
(range 0–10) as a secondary outcome in sensitivity analyses.
The BASDAI comprises 6 questions addressing 5 major symp-
toms in AS: fatigue, spinal pain, peripheral joint pain and swelling,
localized tenderness, and morning stiffness (24). The ASDAS
includes some questions from the BASDAI, as well as patient
and physician global assessments, and laboratory measures
(either the CRP level or ESR) (25).

Mediator of interest. Exercise was a continuous variable,
measured in minutes per week and based on patient self-report
(26). This was derived from 2 questions asked of patients at each
study visit (“In a typical week, how many times do you exercise?”
and “How long does each exercise session typically last?”).

Other covariates. Age at each study visit was derived from
self-reported age at the baseline visit. Race (White, Black, Asian,
other) and smoking status (current smoker, yes/no) were
self-reported. Nonsteroidal antiinflammatory drug (NSAID) use
and TNFi use were binary variables for use versus non-use as
reported for the 6 months prior to each study visit. Total follow-
up time in the cohort was derived using the dates for the first
and last recorded study visits.

Longitudinal analysis. To determine the association of
BMI with disease activity, we used generalized estimating equa-
tions (GEEs) to account for repeated measures per subject.
Potential confounders were determined a priori based on prior lit-
erature review, content knowledge, and the use of directed

SIGNIFICANCE & INNOVATIONS
• A higher body mass index (BMI) is associated with a

poorer response to tumor necrosis factor inhibitor
therapy in axial spondyloarthritis (SpA), and a
higher body mass index (BMI) is cross-sectionally
associated with higher disease activity overall in
prior observational studies.

• In this study, we found that among individuals with
ankylosing spondylitis (AS), there is an association
of higher BMI with higher disease activity over time,
and being overweight/obese largely influences dis-
ease activity directly, rather than indirectly through
exercise.

• Future studies should focus on intervenable aspects
of the association between BMI and disease activity,
as targeted interventions among overweight/obese
individuals with AS may improve both disease activ-
ity and cardiovascular risk.
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acyclic graphs: age, sex, race, follow-up time in the study, current
smoking, NSAID use, and TNFi use. To account for time-varying
confounding, we used stabilized inverse probability weights
(IPW). For the denominator of the IPW, we predicted the probabil-
ity of having a certain BMI using multivariable linear regression
conditioning on age, sex, and race as baseline confounders, and
NSAID use and TNFi use as time-varying confounders. For the
numerator of the IPW, we predicted the probability of having a
certain BMI using multivariable linear regression conditioning only
on the baseline confounders (age, sex, and race). We then used
linear regression with GEE with an exchangeable correlation
structure to fit a response model that included only the outcome
and exposure of interest, weighted by the stabilized IPW. We
used complete cases for this primary analysis.

In addition, we performed a series of sensitivity analyses to
assess the robustness of the results. First, we excluded individ-
uals from the cohort who did not have any measures of the expo-
sure (BMI, 39% missing from all observations) or outcome
(ASDAS, 25% missing) of interest in any of their study visits, leav-
ing 183 subjects. For the remainder of the prespecified variables,
multiple imputation with chained equations (MICE) was performed
with 10 iterations (27–29). The analyses were as follows: 1) single
imputation with the last observation carried forward on the subset
with available BMI and disease activity measures (n = 183), using
IPW-GEE; 2) MICE on the subset with available BMI and disease
activity measures (n = 183), using conventional GEE; 3) MICE on
the full cohort (n = 283), using conventional GEE. All analyses
were performed using ASDAS and BASDAI score as the primary
and secondary outcomes of interest, respectively.

Mediation analysis. We performed a mediation analysis
to estimate the direct effect of overweight/obese status on dis-
ease activity, and the indirect effect through exercise (causal dia-
gram shown in Figure 1). The goal of mediation analysis is to
understand if, and to what extent, the effect of the exposure on
the outcome is mediated through the intermediate variable. Medi-
ation analysis can be useful for disentangling which modifiable
factors could serve as future interventions and to further elucidate
underlying causal pathways.

Older mediation methods such as the Baron and Kenny
approach, while less complex, are limited due the underlying
assumption of no interaction between the exposure and the
mediator (30). That is, one would assume that a higher BMI would
not impact the level of exercise that is undertaken, an assumption
that is likely violated. Causal mediation analysis is based on the
potential outcomes framework, which compares the observed
data to what might have been observed (i.e., the counterfactual),
with all else being equal (31). This approach to mediation analysis
is additionally based upon assumptions of no unmeasured con-
founding between the exposure and mediator, and no unmea-
sured confounding between the mediator and outcome. In
contrast to the approach of Baron and Kenny, causal mediation

analysis allows for potential interaction between the exposure
and the mediator (e.g., an interaction between BMI and exercise
frequency). Under the assumption of sequential ignorability, the
exposure is considered statistically independent of potential out-
comes and potential mediators after adjusting for confounders;
and the observed mediator is considered to be random after
accounting for the exposure and baseline confounders.

With causal mediation analysis, the total effect can be decom-
posed into natural direct and indirect effects (Figure 1). The natural
direct effect is the effect of the exposure on the outcome indepen-
dent of the mediator. The natural direct effect compares potential
outcomes for disease activity between those with overweight/obese
BMI versus those with normal BMI, while the level of the mediator
(exercise) is held constant. The natural indirect effect is the effect of
the exposure on the outcome through the mediator. The natural
indirect effect compares potential outcomes for disease activity if
exercise (mediator) is at the level it would have been in the setting
of an overweight/obese BMI versus exercise at the level it would
have been in the setting of a normal BMI. We also determined
the proportion of the effect of an overweight/obese BMI that is
mediated through exercise (proportion mediated).

We used a 2-stage approach in which the outcome was
regressed on the exposure, mediator, exposure–mediator interac-
tion term, and confounders; and the mediator was regressed on
the exposure and the confounders (31,32) (see Supplementary
Appendix A, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24565). In this
approach, the natural direct and indirect effects were estimated
using Monte Carlo simulations. For the association of BMI and dis-
ease activity, we did not identify a clinically relevant confounder of
the association between the mediator (exercise) and the outcome

Figure 1. Simplified directed acyclic graph demonstrating the rela-
tionship between the exposure, mediator, and outcome of interest.
Using mediation analysis, the total effect can be decomposed into
direct and indirect effects. The direct effect is the unmediated effect
of the exposure on the outcome. The indirect effect is the effect of
the exposure on the outcome through the mediator. BMI = body
mass index.
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(disease activity), which is also affected by the exposure (BMI);
therefore, marginal structural models were not determined to be
necessary to produce less biased estimates. Themediation analysis
was performed on the imputed data using MICE on 183 subjects
(as per the main analysis) and on the complete cases.

We conducted a sensitivity analysis to determine the
robustness of the mediation analysis against violations of the
sequential ignorability assumption (33). That is, if the sequential
ignorability assumption is true, then the correlation between
the 2 error terms for the regression models used for mediation
analysis would equal zero (ρ = 0). A larger value of ρ would indi-
cate that a very strong correlation between error terms would
be needed for the indirect effect to be fully explained by unmea-
sured confounders. Analyses were performed in Stata, version
15, and R version 3.6.0 (34) using the MICE, IPW, and media-
tion (32,35,36) packages.

RESULTS

Baseline characteristics of 183 subjects with available exposure
(BMI) and outcome (disease activity) information are shown in Table 1
and stratified by BMI. Among these 183 subjects, 77% were male,

70% were White, and the mean ± SD age was 40.8 ± 13.3 years.
The mean first-available BMI was 25.7 ± 4.8 kg/m2. Those with
higher BMI were older, had longer symptom duration and a higher
proportion of abnormally elevated CRP, and fewer minutes of
exercise per week compared to those with lower BMI. Charac-
teristics of patients with missing exposure and/or outcome val-
ues (n = 103) are shown in Supplementary Table 1, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24565. These patients had fewer study visits
and were older with a longer AS symptom duration compared to
those who were included in the main analysis.

Longitudinal analysis. In the main analysis, higher BMI
was significantly associated with a higher ASDAS over
time (β 0.06 per 1 kg/m2 [95% confidence interval (95% CI)
0.04–0.08], P < 0.01). Findings were similar for the associa-
tion of BMI and BASDAI score (β 0.16 per 1 kg/m2 [95% CI
0.10–0.22], P < 0.01). The results of the sensitivity analyses
were consistent with the main analyses (see Supplementary
Tables 2–3, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24565).

Table 1. Baseline characteristics of ankylosing spondylitis cohort with available exposure and outcome measures
(n = 183), stratified by overweight/obese body mass index (BMI)*

Variables
All patients

Normal/
underweight BMI

Overweight/
obese BMI

(n = 183) (n = 84) (n = 99)

Demographics data
Age, years 40.8 ± 13.3 35.2 ± 10.2 45.5 ± 13.8
Male sex, % 77 77 84
Race, %
White 70 64 74
Black 1 1 0
Asian 16 21 11
Other 13 14 15

Number of study visits 7.8 ± 4.5 7.6 ± 4.1 8.0 ± 4.8
Disease characteristics
Symptom duration, years 17.9 ± 12.5 14.8 ± 9.7 20.4 ± 13.8
Abnormal CRP, %† 36 27 44
BASDAI score (range 0–10) 3.6 ± 2.4 3.1 ± 2.3 3.9 ± 2.4
ASDAS (0.6 to >6.0) 1.6 ± 1.0 1.4 ± 0.9 1.7 ± 1.0
NSAID use, % 72 73 71
Glucocorticoid use, % 6 5 7
TNFi use, % 46 49 44

Cardiovascular disease and risk factors
BMI, units 25.7 ± 4.8 20.1 ± 2.2 28.9 ± 4.0
Cardiovascular disease, %‡ 2 3 1
Diabetes mellitus, % 2 1 3
Current smoker, % 4 4 5
Exercise, minutes/week 173.3 ± 179.8 200.8 ± 209.9 149.7 ± 146.3

* Values are the mean ± SD unless indicated otherwise. Baseline characteristics are first available. Data were miss-
ing for abnormal C-reactive protein (CRP; n = 1), Bath Ankylosing Spondylitis Disease Activity Index (BASDAI; n = 2)
score, Ankylosing Spondylitis Disease Activity Score (ASDAS; n = 3), diabetes mellitus (n = 3), cardiovascular disease
(n = 3), and exercise (n = 1). NSAID = nonsteroidal antiinflammatory drug; TNFi = tumor necrosis factor inhibitor.
† CRP level was abnormal if above the upper limit of the reference range associated with the value.
‡ Cardiovascular disease was the composite of patient-reported coronary artery disease, coronary bypass surgery,
coronary angioplasty, heart attack, heart valve problems, and angina.
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Mediation analysis. In the causal mediation analysis,
which examined exercise as a mediator between BMI and dis-
ease activity, the direct effect for an overweight/obese BMI com-
pared to a normal BMI was a 0.36 (95% CI 0.23–0.51) unit
difference in the ASDAS. The indirect effect for an overweight/
obese BMI compared to a normal BMI was a 0.02 (95% CI
0.01–0.05) unit difference in ASDAS. The total effect of over-
weight/obese BMI, on average, was of a 0.39-point increase in
the ASDAS. Exercise mediated 7% of the effect of an overweight
or obese BMI on disease activity. Results were similar using BAS-
DAI score as the outcome (see Supplementary Table 4, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24565).

In the sensitivity analysis performed to assess the robustness
of our mediation effect estimates against violations of the sequen-
tial ignorability assumption, a negative correlation of 0.1 between
the error terms of the 2 regression models would be required
for the indirect effect to be fully explained by unmeasured
confounders.

DISCUSSION

To our knowledge, this was the first study to assess the
association of BMI and disease activity longitudinally among indi-
viduals with axial SpA. We found that on average, higher BMI
was significantly associated with higher disease activity
(as measured by the ASDAS) in this prospective AS cohort. We
found that being overweight/obese largely influences disease
activity directly rather than indirectly through exercise. This sug-
gests that mechanisms other than exercise, such as increased
inflammation, may better explain this association. Interventions
targeting obesity may improve both disease activity and CV risk
in this population.

Our results overall are in concordance with our previously
published systematic review and meta-analysis demonstrating
an association between BMI and disease activity as reported by
BASDAI score and ASDAS in axial SpA (13). Our findings are also
similar to prior systematic reviews and meta-analyses in axial SpA
evaluating the impact of obesity or higher BMI on various clinical
outcome measures (11,12,37,38). Singh et al performed a meta-
analysis of the impact of BMI on TNFi response in observational
cohort studies and RCTs and found that in axial SpA, higher BMI
was associated with increased odds of an inadequate response
to TNFi treatment (6 studies; pooled odds ratio 3.36 [95% CI
1.33–8.51], I2 = 81%) (11). Similar results were seen in a meta-
analysis conducted by Shan and Zhang (12). The impact of obe-
sity on imaging measures has also been explored. Bakirci et al
performed a systematic review on the association of BMI and
imaging-defined inflammation and damage in SpA including PsA
(38). In 4 studies, higher BMI was associated with new syndes-
mophyte formation. In 1 study, higher BMI was also associated

with a higher structural damage score by the modified Stoke
Ankylosing Spondylitis Spine Score.

The association of high BMI with disease activity has been
studied in PsA, with similar findings as in axial SpA. In prospective
cohorts of PsA patients receiving TNFi therapy, Di Minno et al
have shown that obesity was associated with a lower probability
of achieving or maintaining minimal disease activity, and that a
weight loss of ≥5% in overweight or obese individuals predicts
better treatment response (39,40). Obesity was also associated
with worse response to TNFi in large Scandinavian PsA registries
(41). However, these studies were limited in their generalizability,
as only individuals receiving TNFi treatment were included.

The biologic mechanisms that are believed to underlie obe-
sity as a chronic inflammatory state involve the production of pro-
inflammatory cytokines by adipose tissue (42). Higher BMI and
higher fat mass have been associated with chronic pain in multiple
populations (43–45). Obesity may be related to disease activity
independent of inflammation, such as through mechanical
loading and stress (46).

As prior studies were cross-sectional in nature, our study
had the strength of using a long-standing prospective cohort of
AS patients with multiple study visits (median total follow-up of
7 years). As an advantage over conventional GEE, we used IPW
to account for potential time-varying confounding, such as with
TNFi treatment. We also applied a causal mediation analysis to
assess the extent to which the BMI impacts disease activity
through exercise. This approach allows us to start disentangling
the causal pathway between increased adiposity and high dis-
ease activity in AS. This has benefits over a more conventional
mediation analysis because the latter requires the underlying
assumption that the mediator does not interact with the exposure
of interest (31). Causal mediation analysis also allows for the
decomposition of the total effect into direct and indirect effects
and the quantification of these effect estimates.

Certain limitations of this study must be acknowledged. We
used observational data from a longitudinal cohort that had
>20% missingness for the exposure and outcome of interest.
With this degree of missingness, both complete case analysis
and imputation strategies may produce biased results. With longi-
tudinal data sets with repeated measures, incorrect specification
of the multiple imputation model may additionally lead to bias in
the results (29,47). However, the concordant results across sen-
sitivity analyses using alternative data imputation approaches is
reassuring in regard to the robustness of our results, although
some of these estimates did not reach statistical significance.
The mediation analysis relies on a set of strong assumptions,
including no unmeasured confounders, no measurement error,
no confounders of the mediator–outcome association, and the
absence of postexposure confounding. Violations to these
assumptions could also bias our results. We used a patient-
reported measure of the frequency and duration of exercise,
which is subject to both reporting bias and measurement error.
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We were unable to capture intensity, type, and consistency of
exercise for our study, nor were we able to provide quantification
of exercise in METs. Although we accounted for NSAIDs and TNFi
for each study interval, there may still be residual confounding.
Finally, the exposure of interest, BMI, serves as a surrogate for
adiposity, and individuals may reach a certain BMI through multi-
ple possible mechanisms. Further studies should aim to target
≥1 of these mechanisms that fulfill the “well-defined intervention”
assumption for causal inference (48).

In conclusion, in this longitudinal observational study, higher
BMI was associated with higher disease activity among individ-
uals with AS. We found that being overweight/obese had a pri-
marily direct effect on disease activity that operates only weakly
through exercise, which suggests that other mechanisms such
as increased inflammation may explain this association. Future
work should focus on the components of BMI and disease activity
that are important in this relationship, particularly those factors
that are modifiable and can be targeted by specific interventions.
The measurement of physical activity and exercise should be
taken into account in these studies as well, including the consid-
eration of intensity, type, and consistency.

AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it critically

for important intellectual content, and all authors approved the final ver-
sion to be submitted for publication. Dr. Liew had full access to all of
the data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis.
Study conception and design. Liew, Gianfrancesco, Heckbert,
Gensler.
Acquisition of data. Gensler.
Analysis and interpretation of data. Liew, Gianfrancesco, Heckbert,
Gensler.

REFERENCES

1. Poddubnyy D, Haibel H, Listing J, Märker-Hermann E, Zeidler H,
Braun J, et al. Baseline radiographic damage, elevated acute-phase
reactant levels, and cigarette smoking status predict spinal radio-
graphic progression in early axial spondylarthritis. Arthritis Rheum
2012;64:1388–98.

2. Dougados M, Sepriano A, Molto A, van Lunteren M, Ramiro S, de
Hooge M, et al. Sacroiliac radiographic progression in recent onset
axial spondyloarthritis: the 5-year data of the DESIR cohort. Ann
Rheum Dis 2017;76:1823–8.

3. Haroon N, Inman RD, Learch TJ, Weisman MH, Lee M, Rahbar MH,
et al. The impact of tumor necrosis factor α inhibitors on radiographic
progression in ankylosing spondylitis. Arthritis Rheum 2013;65:
2645–54.

4. Bakland G, Gran JT, Nossent JC. Increased mortality in ankylosing
spondylitis is related to disease activity. Ann Rheum Dis 2011;70:
1921–5.

5. Bremander A, Petersson IF, Bergman S, Englund M. Population-
based estimates of common comorbidities and cardiovascular dis-
ease in ankylosing spondylitis. Arthritis Care Res (Hoboken) 2011;
63:550–6.

6. Haroon NN, Paterson JM, Li P, Inman RD, Haroon N. Patients with
ankylosing spondylitis have increased cardiovascular and cerebrovas-
cular mortality: a population-based study. Ann Intern Med 2015;163:
409–16.

7. Bengtsson K, Forsblad-d’Elia H, Lie E, Klingberg E, Dehlin M,
Exarchou S, et al. Are ankylosing spondylitis, psoriatic arthritis and
undifferentiated spondyloarthritis associated with an increased risk of
cardiovascular events? A prospective nationwide population-based
cohort study. Arthritis Res Ther 2017;19:102.

8. Mathieu S, Soubrier M. Cardiovascular events in ankylosing spondyli-
tis: a 2018 meta-analysis. Ann Rheum Dis 2019;78:e57.

9. Whelton PK, Carey RM, Aronow WS, Ovbiagele B, Casey DE,
Smith SC, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/
ASH/ASPC/NMA/PCNA guideline for the prevention, detection, eval-
uation, and management of high blood pressure in adults: a report
of the American College of Cardiology/American Heart Association
Task Force on Clinical Practice. Hypertension 2018;71:1269–324.

10. Mease P, van der Heijde D, Karki C, Liu M, Park Y, Greenberg J.
Tumor necrosis factor inhibition discontinuation in patients with anky-
losing spondylitis: an observational study from the US-based Corrona
Registry. Rheumatol Ther 2018;5:537–50.

11. Singh S, Facciorusso A, Singh AG, Casteele NV, Zarrinpar A,
Prokop LJ, et al. Obesity and response to anti-tumor necrosis
factor-α agents in patients with select immune-mediated inflammatory
diseases: a systematic review andmeta-analysis. PLoSOne 2018;13:
1–26.

12. Shan J, Zhang J. Impact of obesity on the efficacy of different biologic
agents in inflammatory diseases: a systematic review and meta-
analysis. Joint Bone Spine 2019;86:173–83.

13. Liew JW, Huang IJ, Louden DN, Singh N, Gensler LS. Association of
body mass index on disease activity in axial spondyloarthritis: system-
atic review and meta-analysis. RMD Open 2020;6:1–12.

14. Garcia JM, Duran AT, Schwartz JE, Booth JN, Hooker SP, Willey JZ,
et al. Types of sedentary behavior and risk of cardiovascular events
and mortality in blacks: the Jackson Heart Study. J Am Heart Assoc
2019;8:e010406.

15. Bellettiere J, Lamonte MJ, Evenson KR, Rillamas-Sun E, Kerr J,
Lee IM, et al. Sedentary behavior and cardiovascular disease in older
women: the OPACH study. Circulation 2019;139:1036–46.

16. Fongen C, Halvorsen S, Dagfinrud H. High disease activity is related to
low levels of physical activity in patients with ankylosing spondylitis.
Clin Rheumatol 2013;32:1719–25.

17. Coulter EH, McDonald MT, Cameron S, Siebert S, Paul L. Physical
activity and sedentary behaviour and their associations with clinical
measures in axial spondyloarthritis. Rheumatol Int 2020;40:375–81.

18. Sveaas SH, Bilberg A, Berg IJ, Provan SA, Rollefstad S, Semb AG,
et al. High intensity exercise for 3 months reduces disease activity in
axial spondyloarthritis (axSpA): a multicentre randomised trial of
100 patients. Br J Sports Med 2020;54:292–7.

19. Ward MM, Deodhar A, Gensler LS, Dubreuil M, Yu D, Khan MA, et al.
2019 update of the American College of Rheumatology/Spondylitis
Association of America/Spondyloarthritis Research and Treatment
Network recommendations for the treatment of ankylosing spondylitis
and nonradiographic axial spondyloarthritis. Arthritis Rheumatol
2019;71:1599–613.

20. Lee W, Reveille JD, Davis JC, Learch TJ, Ward MM, Weisman MH.
Are there gender differences in severity of ankylosing spondylitis?
Results from the PSOAS cohort. Ann Rheum Dis 2007;66:633–8.

21. Reveille JD, Lee MJ, Gensler LS, Ward MM, Hwang MC, Learch TJ,
et al. The changing profile of ankylosing spondylitis in the biologic
era. Clin Rheumatol 2020;39:2641–51.

22. Van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic cri-
teria for ankylosing spondylitis: a proposal for modification of the
New York Criteria. Arthritis Rheum 1984;27:361–8.

LIEW ET AL1292



23. Machado PM, Landewé R, van der Heijde D. Ankylosing Spondylitis
Disease Activity Score (ASDAS): 2018 update of the nomenclature
for disease activity states. Ann Rheum Dis 2018;77:1539–40.

24. Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P,
Calin A. A new approach to defining disease status in ankylosing
spondylitis: the Bath Ankylosing Spondylitis Disease Activity Index.
J Rheumatol 1994;21:2286–91.

25. Lukas C, Landewé R, Sieper J, Dougados M, Davis J, Braun J, et al.
Development of an ASAS-endorsed disease activity score (ASDAS)
in patients with ankylosing spondylitis. Ann Rheum Dis 2009;68:
18–24.

26. Ward MM. Predictors of the progression of functional disability in
patients with ankylosing spondylitis. J Rheumatol 2002;29:1420–5.

27. Van Buuren S. Flexible imputation of missing data. Boca Raton:
Chapman & Hall/CRC; 2012.

28. Aloisio KM, Swanson SA, Micali N, Field A, Horton NJ. Analysis of par-
tially observed clustered data using generalized estimating equations
and multiple imputation. Stata J 2014;14:863–83.

29. De Silva AP, Moreno-Betancur M, de Livera AM, Lee KJ, Simpson JA.
A comparison of multiple imputation methods for handling missing
values in longitudinal data in the presence of a time-varying covariate
with a non-linear association with time: a simulation study. BMC
Med Res Methodol 2017;17:1–11.

30. Hayes AF. Beyond Baron and Kenny: statistical mediation analysis in
the new millennium. Commun Monogr 2009;76:408–20.

31. Valeri L, VanderWeele TJ. Mediation analysis allowing for exposure-
mediator interactions and causal interpretation: theoretical assump-
tions and implementation with SAS and SPSS macros. Psychol
Methods 2013;18:137–50.

32. Hicks R, Tingley D. Causal mediation analysis. Stata J 2011;11:
605–19.

33. Imai K, Keele L, Yamamoto T. Identification, inference and sensitivity
analysis for causal mediation effects. Stat Sci 2010;25:51–71.

34. R Core Team. R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, Austria.

35. Tingley D. R and Stata for causal mechanisms. Harvard University;
2012. p. 1–12.

36. Geskus R, van der Wal W. ipw: an R package for inverse probability
weighting. J Stat Softw 2011;43:1–23.

37. Lee YX, Kwan YH, Lim KK, Tan CS, Lui NL, Phang JK, et al. A system-
atic review of the association of obesity with the outcomes of inflam-
matory rheumatic diseases. Singapore Med J 2019;60:270–80.

38. Bakirci S, Dabague J, Eder L, McGonagle D, Aydin SZ. The role of
obesity on inflammation and damage in spondyloarthritis: a system-
atic literature review on body mass index and imaging. Clin Exp
Rheumatol 2019;1–6.

39. Di Minno MN, Peluso R, Iervolino S, Russolillo A, Lupoli R, Scarpa R.
Weight loss and achievement of minimal disease activity in patients
with psoriatic arthritis starting treatment with tumour necrosis factor
α blockers. Ann Rheum Dis 2014;73:1157–62.

40. Di Minno MN, Peluso R, Iervolino S, Lupoli R, Russolillo A, Scarpa R,
et al. Obesity and the prediction of minimal disease activity: a pro-
spective study in psoriatic arthritis. Arthritis Care Res (Hoboken)
2013;65:141–7.

41. Højgaard P, Glintborg B, Kristensen LE, Gudbjornsson B, Love TJ,
Dreyer L. The influence of obesity on response to tumour necrosis
factor- a inhibitors in psoriatic arthritis: results from the DANBIO and
ICEBIO registries. Rheumatology (Oxford) 2018;55:2191–9.

42. Xu H, Barnes G, Yang Q, Tan G, Yang D, Chou C, et al. Chronic
inflammation in fat plays a crucial role in the development of obesity-
related insulin resistance. J Clin Invest 2003;112:1821–30.

43. Stone AA, Broderick JE. Obesity and pain are associated in the
United States. Obesity 2012;20:1491–5.

44. Heuch I, Heuch I, Hagen K, Zwart JA. Body mass index as a risk fac-
tor for developing chronic low back pain: a follow-up in the Nord-
Trøndelag Health Study. Spine 2013;38:133–9.

45. Yoo JJ, Cho NH, Lim SH, Kim HA. Relationships between body mass
index, fat mass, muscle mass, and musculoskeletal pain in commu-
nity residents. Arthritis Rheumatol 2014;66:3511–20.

46. Berenbaum F, Eymard F, Houard X. Osteoarthritis, inflammation and
obesity. Curr Opin Rheumatol 2013;25:114–8.

47. Young R, Johnson DR. Handling missing values in longitudinal panel
data with multiple imputation. J Marriage Fam 2015;77:277–94.

48. Hernan M, Taubman S. Does obesity shorten life? The importance of
well-defined interventions to answer causal questions. Int J Obes
2008;32:S8–14.

BMI, DISEASE ACTIVITY, AND EXERCISE IN AS 1293



B R I E F R E P O R T

Increased Mortality for Individuals With Giant Cell Arteritis:
A Population-Based Study

Lillian Barra,1 Janet E. Pope,1 Priscila Pequeno,2 Jodi M. Gatley,2 and Jessica Widdifield3

Objective. Reports of mortality risks among individuals with giant cell arteritis (GCA) have been mixed. Our aim was
to evaluate all-cause mortality among individuals with GCA relative to the general population over time.

Methods. We performed a population-based study in Ontario, Canada using health administrative data. We studied
a cohort of 22,677 GCA patients ages ≥50 years that was identified using a validated case definition (with 81% positive
predictive value, 100% specificity). General population comparators were residents ages ≥50 years without GCA.
Deaths were ascertained from vital statistics. Annual crude, age- and sex-standardized, and age- and sex-specific
all-cause mortality rates were determined for individuals with and without GCA between 2000 and 2018. Standardized
mortality ratios (SMRs) were estimated.

Results. Age- and sex-standardized mortality rates were significantly higher for GCA patients than comparators,
and trending to increase over time with 50.0 deaths per 1,000 GCA patients in 2000 (95% confidence interval [95%
CI] 34.0–71.1) and 57.6 deaths per 1,000 GCA patients in 2018 (95% CI 50.8–65.2), whereas mortality rates in the
general population significantly declined over time. The annual SMRs for GCA patients generally increased over time,
with the lowest SMR occurring in 2002 (1.22 [95% CI 1.03–1.40]) and the highest in 2018 (1.92 [95% CI 1.81–2.03]).
GCA mortality rates were more elevated for male patients than female patients.

Conclusion. Over a 19-year period, mortality rates were increased among GCA patients relative to the general
population, and more premature deaths were occurring in younger age groups. The relative excess mortality for GCA
patients did not improve over time.

INTRODUCTION

Giant cell arteritis (GCA) is the most common vasculitis

affecting individuals over the age of 50 years, with incidence

rates of 20–35 per 100,000 individuals reported in North

American and Northern European populations (1–3). We have

previously shown that the yearly prevalence of GCA is increas-

ing in Canada. The reasons for this increase remain unclear,

but include an aging population, population growth (and an

increase in the number of individuals at risk), improved

diagnosis, or increased survival (1).

GCA is characterized by inflammation of large and medium

vessels with a predilection for extradural cranial arteries and is

associated with an increased risk of morbidity, including blind-

ness and stroke (4). The disease can cause aortic aneurysms

and dissection with high mortality (5). In addition, the mainstay of

treatment is long-term glucocorticoids which may increase risk

of adverse events, such as severe infections, osteoporotic frac-

tures, hypertension, diabetes mellitus, weight gain, and other

metabolic changes, leading to more cardiovascular events (4).
Despite GCA and its treatment being associated with com-

plications known to increase the risk of death, prior research on
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mortality among individuals with GCA has demonstrated conflict-

ing findings. A recent meta-analysis reported an increased risk of

mortality in studies of GCA patients in hospitalized settings but

conflicting reports for population-based studies (6). The popula-

tion studies in the meta-analysis by Hill et al included diverse

methodologies, with studies often confined to inception cohorts

of various follow-up and including variable use of general popula-

tion comparators. Moreover, some studies involving more con-

temporary cohorts have detected increased mortality risk in

GCA (7, 8) and conflicting reports on sex-related differences in

mortality (6,7,9,10). The aim of our study was to evaluate all-

cause, age- and sex-specific mortality among individuals with

GCA in Ontario, Canada compared to the general population over

time and to determine whether there have been changes to the

relative excess mortality among GCA patients over time.

PATIENTS AND METHODS

Study design and setting. We conducted a population-
based retrospective cohort study in Ontario, Canada. There are
~13 million residents (as of 2018) who are covered under a pub-
licly funded health care system within Canada’s most populous
province. The use of data in this project was authorized under
section 45 of Ontario’s Personal Health Information Protection
Act, which does not require review by a research ethics board.

Data sources. Population-level health administrative data-
bases capture details of the health care of Ontarians. The Ontario
Health Insurance Plan (OHIP) database contains physician claims
for services provided, dates of services, and associated diagnosis
and procedure codes. The Canadian Institute for Health Informa-
tion discharge abstract database contains patient-level data for
acute, chronic, rehab and day surgery institutions in Ontario,
including hospitalizations for GCA (International Classification of
Diseases, Ninth Revision [ICD-9] code 446.5 and ICD-10 codes
M31.5 or M31.6). All hospital data prior to April 1, 2002 have diag-
noses coded in the ICD-9. Hospitalizations after April 1, 2002 are
coded using ICD-10-CA (a version of the ICD-10 developed by
the Canadian Institute for Health Information). The Ontario drug
benefit database contains prescription drug claims dispensed
for those individuals ages 65 years and older, including

dispensations for glucocorticoids. The ICES (formerly known as
the Institute for Clinical Evaluative Sciences) physician database
contains information on physician specialties. The OHIP regis-
tered persons database was used to obtain information about
health insurance status, age, sex, and vital status. General popu-
lation comparators were derived from the Registered Persons
Database. These data sets were linked using unique encoded
identifiers and analyzed at ICES in Toronto, Canada (https://
www.ices.on.ca/).

Patient population. Patients with GCA ages 50 years and
older were identified between April 1, 2000 and March 31, 2019.
GCA patients were identified from health administrative data using
a previously validated case definition (1). This case definition iden-
tified GCA based on the following criteria: ≥1 hospitalization with a
primary or secondary diagnosis of GCA ever; or ≥2 physician
diagnoses of GCA (with ≥1 diagnosis by a specialist [rheumatolo-
gist, internist, or ophthalmologist]) and ≥1 prescription for gluco-
corticoids; or ≥1 temporal artery biopsy within 3 years. This case
definition also excluded individuals with any kidney, lung, skin, or
nasal biopsies within the 1-year period of a physician diagnosis
code in order to exclude other vasculitis types (1). This case defi-
nition performed with an 81% positive predictive value (PPV),
60% sensitivity, 100% specificity, and 99% negative predictive
value (NPV), using a validation of randomly selected charts from
a large primary care population in Ontario (comprising
143 patients with a physician-documented GCA diagnosis in their
medical record and 7,534 non-cases) (1). The GCA cases from
the validation cohort had a mean ± SD age of 79 ± 9 years, and
78% were female. The age of onset and female sex predilection
supports previous epidemiologic data (2).

Cohort entry was defined as the date of the first hospital
admission with a GCA diagnosis or the second physician outpa-
tient billing claim for GCA, whichever came first. The general pop-
ulation comparators included all Ontario residents ages 50 years
and older with valid Ontario health insurance and excluded those
with GCA.

Statistical analysis. For both the GCA and general popu-
lation cohorts (ages ≥50 years), annual crude observed mortality
rates with corresponding 95% confidence intervals (95% CIs)
were calculated as the number of deaths per 1,000 individuals in
the population each fiscal year. Annual observed GCA mortality
rates were determined by dividing the number of deaths among
individuals with GCA each year by the number of individuals with
GCA in each year. The denominator included all GCA patients
(prevalent and new cases identified each year). Individuals who
died during follow-up were excluded from the denominator in
the subsequent calendar years after their death. Similar analyses
were done to obtain observed mortality rates in the general popu-
lation without GCA. To adjust for differences in population

SIGNIFICANCE & INNOVATIONS
• Over 19 years, mortality has remained increased

among giant cell arteritis (GCA) patients relative to
the general population.

• GCA mortality rates were highest among male
patients, and standardized mortality ratios were
highest for younger age groups.

• The relative excess mortality for GCA patients (mor-
tality gap) did not improve over time.
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distribution over time, direct age- and sex-standardization was
undertaken using 2001 Ontario census population estimates.

Age-specific mortality rates were also determined using
10-year age bins, except for the age groups including patients
ages 50–64 years, which were combined due to fewer deaths
occurring within each year, resulting in the following age bins:
50–64, 65–74, 75–84, and 85 years of age and older. Age was
determined on April 1 of each year from 2000 to 2018. To assess
differences in age- and sex-specific mortality rates, we divided the
study period into smaller periods and reported the results for
2000, 2009, and 2018.

Annual standardized mortality ratios (SMRs) were calculated
as the ratio of the observed number of deaths in GCA patients to
the expected number of deaths determined from our general
population comparator cohort within each age-specific stratum
each year. All analyses were performed using SAS, version 9.4.

RESULTS

In the period between April 1, 2000 and March 31, 2019,
there were a total of 22,677 GCA patients (across all years), of
whom 14,195 (63%) were female. The mean ± SD age of GCA
patients was 73.6 ± 9.3 years at cohort entry.

During the study period, the annual number of individuals
ages ≥50 years without GCA (the general population denomina-
tor) increased from 3,274,834 in 2000 to 5,454,966 in 2018,
and the GCA population increased from 1,518 to 12,792, com-
prising both incident and prevalent cases (see Supplementary
Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24573). There was
a median of 1,014 new patients (range 861–1662) diagnosed
annually and being added to the GCA population denominator

each year. The crude GCA mortality rates increased over time
from 63 deaths (95% CI 51.8–78.0) per 1,000 GCA patients in
the early 2000s to 88.2 deaths (95% CI 83.1–93.5) per 1,000
GCA patients by 2018, whereas the crude mortality rates for
the general population significantly decreased over time from
22.0 deaths (95% CI 21.9–22.2) in 2000 to 17.7 deaths (95% CI
17.5–17.8) per 1,000 individuals in the population ≥50 years of
age in 2018 (see Supplementary Table 1, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24573).

Age- and sex-standardized mortality rates were signifi-
cantly higher for GCA patients than comparators (Figure 1)
and trending to increase over time with 50.0 deaths (95% CI
34.0–71.1) per 1,000 GCA patients in 2000 and 57.6 deaths
(95% CI 50.8–65.2) per 1,000 GCA patients in 2018. Among
the general population without GCA, age- and sex-
standardized mortality rates significantly declined over time,
with 22.1 deaths (95% CI 21.9–22.2) per 1,000 individuals in
the population in 2000 and 16.4 deaths (95% CI 16.3–16.5)
per 1,000 individuals in the population in 2018 (Figure 1; see
Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24573).

Age-specific mortality rates increased with advancing age for
both cohorts but were significantly higher for GCA patients than
comparators within each age strata (Table 1). For all ages across
2000, 2009, and 2018, the excess mortality rates were 41.8
(95% CI 29.9–55.8), 57.1 (95% CI 51.3–63.3), and 70.5 (95% CI
65.6–75.7) deaths per 1,000 individuals in the population, respec-
tively. Mortality rates were also higher for male patients than female
patients within both cohorts. Male patients with GCA had a higher
all-cause mortality rate ranging from 50.8 (95% CI 32.9–75.0)
among those ages 50–64 years to 192.5 (95% CI 165.4–222.8)
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Figure 1. Age- and sex-standardized all-cause mortality rates per 1,000 individuals in the population for individuals with and without giant cell
arteritis (GCA). Data are shown as box plots. Squares represent the mortality rate among GCA patients. Diamonds represent the age- and sex-
standardized all-cause mortality rate among individuals in the general population. Whiskers represent the 95% confidence interval (95% CI) among
the mortality rate in the GCA population (CI around rates in the general population too narrow to visually depict).
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among those ages >85 years. Comparatively, the all-cause
mortality rate in female patients with GCA ranged from 35.4
(95% CI 23.3–51.5) among those ages 50–64 years to 140.5
(95% CI 125.2–157.3) among those ages >85 years per 1,000
patients in the GCA population (Table 1). Similar patterns were
observed in the general population; however, the age-specific
mortality rates, overall and by sex, were lower.

The annual SMRs for GCA patients increased over time, with
the lowest SMR occurring in 2002 (1.22 [95% CI 1.03–1.40]) and
the highest in 2018 (1.92 [95% CI 1.81–2.03]) (Figure 2). The age-
specific SMRs were most elevated in the youngest age group
(ages 50–64 years) and declined by the time patients were ages
≥85 years (see Supplementary Figure 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24573). Sex-specific SMRs for both male and
female patients showed similar patterns across age groups (data
not shown).

DISCUSSION

In this large population-based study, we found that GCA
patients had a significantly higher annual risk of mortality com-
pared to the general population over the 19-year study period.
The increased mortality risk for GCA patients was seen in male
and female patients and wasmost pronounced in individuals ages
50–65 years. Although mortality rates decreased over time for the
general population, they trended upwards for GCA patients,
resulting in higher SMRs for GCA patients in recent years.

The SMRs for GCA patients in our study were higher than
what has been reported in prior studies (6,7). A recent meta-
analysis with a total of 4,733 GCA patients reported an overall
pooled mortality ratio of 1.17 (95% CI 1.02–1.35). The included
studies were highly heterogeneous (6), and higher SMRs have
been reported in several other studies (10,11). The relative excess
mortality for GCA remains controversial, with regional differences

Table 1. Age- and sex-specific mortality rates by years for individuals with and without giant cell arteritis (GCA)*

Year 2000 Year 2009 Year 2018

Age
group,
years

General
population death
rate per 1,000

individuals in the
population

GCA death
rate per
1,000 GCA
patients

General
population death
rate per 1,000

individuals in the
population

GCA death
rate per
1,000 GCA
patients

General
population death
rate per 1,000

individuals in the
population

GCA death rate
per 1,000 GCA

patients

All ages 22.1
(21.9–22.2)

63.9
(51.8–78.0)

18.8
(18.7–19.0)

75.9
(70.0–82.3)

17.7
(17.5–17.8)

88.2
(83.1–93.5)

50–64 5.8
(5.7–5.9)

30.7
(12.3–63.3)

5.0
(4.9–5.1)

40.8
(28.4–56.7)

4.6
(4.6–4.7)

41.4
(30.9–54.3)

65–74 20.1
(19.8–20.4)

37.2
(23.0–56.8)

15.6
(15.3–15.8)

45.1
(36.9–54.7)

13.2
(13.0–13.4)

53.6
(46.3–61.8)

75–84 50.6
(50.0–51.3)

83.2
(61.9–109.4)

43.4
(42.9–44.0)

70.6
(61.9–80.1)

36.1
(35.6–36.5)

82.3
(74.5–90.8)

≥85 137.9
(136.0–139.8)

160.7
(95.2–254.0)

120.3
(118.8–121.7)

164.8
(143.8–188.0)

116.0
(114.9–117.2)

156.2
(142.6–170.8)

Male sex
All ages 23.4

(23.1–23.6)
77.5

(70.0–82.3)
19.7

(19.5–19.9)
94.9

(84.1–107.1)
18.6

(18.4–18.8)
107.0

(98.3–116.4)
50–64 7.1

(6.9–7.2)
47.6

(9.8–139.2)
6.2

(6.0–6.3)
58.4

(33.4–94.8)
5.7

(5.6–5.9)
50.8

(32.9–75.0)
65–74 25.4

(24.9–25.9)
44.9

(19.4–88.6)
19.0

(18.6–19.4)
72.1

(54.6–93.4)
15.9

(15.6–16.2)
71.1

(57.4–87.1)
75–84 64.0

(62.9–65.1)
93.6

(53.5–151.9)
52.5

(51.6–53.4)
89.9

(73.0–109.6)
42.9

(42.2–43.6)
103.8

(89.2–120.2)
≥85 157.7

(154.1–161.5)
259.3

(104.2–534.2)
135.2

(132.5–137.9)
187.3

(145.5–237.5)
126.4

(124.4–128.4)
192.5

(165.4–222.8)
Female sex
All ages 20.9

(20.7–21.1)
58.4

(46.0–74.2)
18.1

(17.9–18.3)
67.0

(60.6–74.0)
16.8

(16.7–17.0)
78.1

(72.6–84.1)
50–64 4.5

(4.4–4.7)
24.2

(6.6–62.1)
3.9

(3.8–4.0)
32.5

(19.6–50.7)
3.6

(3.5–3.7)
35.4

(23.3–51.5)
65–74 15.4

(15.0–15.8)
33.6

(17.9–57.4)
12.4

(12.1–12.8)
31.1

(22.8–41.3)
10.7

(10.4–10.9)
43.6

(35.4–53.0)
75–84 41.7

(41.0–42.5)
79.2

(55.2–110.1)
36.5

(35.9–37.2)
61.3

(51.6–72.4)
30.4

(29.9–31.0)
70.5

(61.5–80.5)
≥85 129.4

(127.2–131.6)
129.4

(64.6–231.6)
113.2

(111.5–114.9)
156.4

(132.6 – 183.3)
110.1

(108.7–111.5)
140.5

(125.2–157.3)

* Values are the age- and sex-specific mortality rates (95% confidence interval).
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also being a possible contributing factor (12). Large population-
based studies from Northern Europe (n = 840 to 9,778) have
reported an increased mortality risk for GCA patients compared
to the general population of ~20–50% in the first 1–2 years after
the diagnosis, and then the risk decreased over time (7,13). Our
study showed that the annual SMRs for GCA in Ontario, Canada
were consistently elevated and increasing (by 1.2 to 2 times com-
pared to non-GCA individuals) over a 19-year time period;
whereas, a study from the UK based on an inception cohort did
not find an increased mortality risk for GCA by calendar year (7).

Similar to the findings in our study, the increased mortality
risk for GCA has been shown to be highest in younger individuals;
the background mortality rates for such individuals in the general
population are low (7,10). In the general population, it is known
that men have higher mortality rates than women. Mohammad
et al reported that women, but not men, with GCA in Sweden
had an increased SMR (10), whereas Andersen et al reported
men potentially having worse survival rates than women (9), and
other reports did not find any excess mortality risk based on
sex (6,7).

The variability in the reported GCA mortality rate can be due
to several reasons, including the study design and the character-
istics of the study population. GCA is not a uniform disease, and
it transitions from acute into chronic vasculitis with long-term
systemic and vascular inflammation (14). Some inception-based
cohorts may be less likely to detect excess mortality, and
hospital-based cohorts may have patients with more severe
GCA or multiple comorbidities known to be associated with
GCA (such as cardiovascular disease and diabetes mellitus) that
can contribute to excess mortality (7). Some studies had higher
proportions of biopsy-proven GCA, which may have a different
prognosis than biopsy-negative disease (6,15). In addition, the

geographic location of the studies likely contributed through
population differences in genetic backgrounds, environmental
exposures, socioeconomic status, and health care services.

A major strength of our study is that we captured mortality
data over a long period of time for the entire population of the
most populous province of Canada, Ontario, with more than 5mil-
lion individuals ages ≥50 years. Due to legal requirements, all
deaths are accurately captured, and <1% of individuals die out
of the province. Inherent limitations of using health administrative
databases to ascertain cases of GCA need to be recognized.
These include the potential for misclassification bias because of
errors in diagnosis codes and incompleteness of administrative
databases. Although our cohort is limited in that we do not have
access to information regarding temporal artery biopsy results,
the GCA definition we utilized was validated and has a high PPV,
NPV, and specificity. Our administrative data case definition does
not have 100% sensitivity in capturing GCA, and thus may miss
some GCA patients, such as those patients whose symptoms
have resolved and who (for these or other reasons) are no longer
seeking care for their GCA. While our previous validation study
yielded a case definition with high PPVs (especially for a rare dis-
ease), the potential for misclassification within our GCA cohort still
exists. The OHIP diagnosis code for GCA is not limited to GCA
but may include polyarteritis nodosa, isolated aortitis, or other
vasculitides. We presume that the impact from such misclassifi-
cation on our estimates is minor given the rarity of these other
vasculitis conditions.

The purpose of this study was to determine all-cause mortal-
ity for patients with GCA relative to the general population. We did
not report causes of death, and thus it is unknown if the excess
mortality observed in our study was attributable to complications
of GCA or treatment effects. Other studies have found that GCA
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Figure 2. Annual standardized mortality ratios (SMRs) of patients with giant cell arteritis. Data are shown as box plots. Squares represent the
annual SMR. Whiskers represent the 95% confidence interval (95% CI).
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patients had a higher risk of death due to cardiovascular disease
compared to the general population (5,8). Risk factors associated
with an increased mortality in GCA populations included vascular,
respiratory, thromboembolic, renal, and inflammatory musculo-
skeletal disease, cancer, diabetes mellitus, infections, and
smoking (5,6). To perform analyses of predictors of mortality fell
outside the aim of this study; we had limited access to data on life-
style factors and did not include data on comorbidities or different
clinical phenotypes of GCA. In future work, we will explore causes
of death, predictors for mortality, and causes for the observed
temporal increase in GCA mortality compared to the general
population.

In our study conducted over a 19-year period, we observed
mortality rates to be increased among GCA patients relative to
the general population, and more premature deaths were occur-
ring in younger age groups. The relative excess mortality for
GCA patients did not improve over time.
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Barriers and Facilitators to Physical Activity for People With
Scleroderma: A Scleroderma Patient-Centered Intervention
Network Cohort Study

Sami Harb,1 Sandra Pel�aez,2 Marie-Eve Carrier,3 Linda Kwakkenbos,4 Susan J. Bartlett,5 Marie Hudson,1

Luc Mouthon,6 Maureen Sauvé,7 Joep Welling,8 Ian Shrier,3 and Brett D. Thombs,1

for the SPIN Physical Activity Enhancement Patient Advisory Team and SPIN Investigators

Objective. To support physical activity among people with systemic sclerosis (SSc [scleroderma]), we sought to
determine the prevalence and importance of barriers and the likelihood of using possible facilitators.

Methods. We invited 1,707 participants from an international SSc cohort to rate the importance of 20 barriers
(14 medical, 4 social or personal, 1 lifestyle, and 1 environmental) and the likelihood of using 91 corresponding
barrier-specific and 12 general facilitators.

Results. Among 721 respondents, 13 barriers were experienced by ≥25% of participants, including 2 barriers
(fatigue and Raynaud’s phenomenon) rated “important” or “very important” by ≥50% of participants, 7 barriers (joint
stiffness and contractures, shortness of breath, gastrointestinal problems, difficulty grasping, pain, muscle weakness
andmobility limitations, and lowmotivation) by 26–50%, and 4 barriers by <26%. Overall, 23 of 103 facilitators (18med-
ical-related) were rated by ≥75% of participants as “likely” or “very likely” to use among those who experienced corre-
sponding barriers. These facilitators focused on adapting exercise (e.g., using controlled, slow movement), taking care
of one’s body (e.g., stretching), keeping warm (e.g., wearing gloves), and protecting skin (e.g., covering ulcers). Among
those participants who had previously tried the facilitator, all facilitators were rated by ≥50% as “likely” or “very likely”
to use. Among those participants with the barrier who had not tried the facilitator, only 12 of 103 facilitators were rated
by >50% of participants as “likely” or “very likely” to use.

Conclusion. Medical-related physical activity barriers were common and considered important. Facilitators con-
sidered as most likely to be used involved adapting exercise, taking care of one’s body, keeping warm, and
protecting skin.

INTRODUCTION

Systemic sclerosis (SSc [scleroderma]) is a rare, chronic, auto-

immune rheumatic disease characterized by abnormal fibrotic pro-

cesses and excessive collagen production that can affect the skin,

musculoskeletal system, and internal organs, including the heart,

lungs, and gastrointestinal tract (1,2). People with SSc experience

significantly lower health-related quality of life in comparison to the

general population (3). Disease onset typically occurs at ~50 years

of age, and ~80% of people with SSc are women (4,5).
Although regular physical activity is important to enhance

health for all people (6,7), including those with autoimmune
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rheumatic diseases (8), people with SSc experience a wide range

of barriers that may impede engagement. Data from a large inter-

national SSc cohort demonstrated that ~50% of patients were

physically inactive, and patients who were active rarely engaged

in activities other than walking (9). This study, by Azar at al (9),

and other studies on physical activity in SSc (10–12) have not

addressed barriers or facilitators to being physically active.
For health care providers to advise SSc patients on how to

be physically active, they need to be able to identify possible facil-
itators, or strategies, to overcome specific barriers faced by indi-
vidual patients. We previously conducted a nominal group
technique study to identify barriers to physical activity, along with
potential facilitators, experienced by people with SSc (13). That
study included only 41 people, which did not allow conclusions
to be drawn about the prevalence of barriers and likelihood that
people with SSc would use identified facilitators. The aim of the
present study was to obtain information on the prevalence of bar-
riers and perceived utility of facilitators to help tailor physical activ-
ity recommendations to the specific needs of people with SSc.
Specific objectives were to determine the prevalence and impor-
tance of different barriers experienced in SSc and the likelihood
that people with SSc would use different patient-generated,
barrier-specific, and general facilitators to support physical activity.

PATIENTS AND METHODS

The present study was cross-sectional, in which survey
results from the Scleroderma Patient-Centered Intervention Net-
work (SPIN) Physical Activity Survey were deterministically linked
(using participant usernames [email addresses]) to participant

sociodemographic, medical, and patient-reported outcome mea-
sure data from the ongoing SPIN Cohort.

Participants and procedures. Eligible SPIN Cohort par-
ticipants had to be: classified as having SSc according to the
2013 American College of Rheumatology/European Alliance of
Associations for Rheumatology criteria (14), ≥18 years of age, flu-
ent in English, French, or Spanish, and able to respond to ques-
tionnaires via the internet. Eligible individuals are invited by their
attending physician or supervised nurse coordinator to participate
in the SPIN Cohort, and written informed consent was obtained.
The local SPIN physician or supervised nurse coordinator com-
pleted a medical data form that was submitted online to initiate
participant registration. After completion of online registration, an
automated welcoming email was sent to participants with instruc-
tions for activating their SPIN account and completing SPIN
Cohort measures online. SPIN Cohort participants completed
online outcome measures upon enrollment and subsequently
every 3 months.

For the present study, in July 2019 we invited active SPIN
Cohort participants to complete a survey, separately from their rou-
tine cohort assessments. We sent email invitations to all 1,707
SPIN Cohort participants who had active SPIN accounts and who
completed assessments in English or French. We sent follow-up
emails 2, 4, and 8 weeks later to those who had not completed
the survey. In addition, we advertised the survey through an
announcement presented to SPIN Cohort participants when they
logged into the SPIN Cohort portal to complete their routine online
assessments. To promote participation, we informed participants
that 1 survey respondent would be randomly selected to win a trip
to the 2020 SSc World Congress in Prague, Czech Republic. The
email invitation and announcements provided a link to the survey
on the Qualtrics survey platform (15). In Qualtrics, participants
entered their SPIN username (email address) in order to access
and complete the survey questions. The survey was closed in
October 2019. We excluded participants who only partially com-
pleted the survey. SPIN Cohort assessment data were obtained
from themost recently completed assessments prior to completing
the SPIN Physical Activity Survey for participants and prior to the
initial survey invitation for nonparticipants, without time restriction.

The SPIN Cohort was approved by the Research Ethics
Committee of the Centre intégré universitaire de santé et de ser-
vices sociaux du Centre-Ouest-de-l’Île-de-Montréal (#MP-
05-2013-150) and by the research ethics committees of each
participating center. The present study was approved as an
amendment to the SPIN Cohort by the Research Ethics Commit-
tee of the Centre intégré universitaire de santé et de services
sociaux du Centre-Ouest-de-l’Île-de-Montréal.

Measures. Sociodemographic and medical characteristics.
Medical data were provided by SPIN physicians upon enrollment
in the SPIN Cohort, and included time since first non–Raynaud’s

SIGNIFICANCE & INNOVATIONS
• Based on a survey of 721 people with scleroderma,

barriers to physical activity that were most com-
monly considered important involved compro-
mised hand dexterity or condition (e.g., Raynaud’s
phenomenon), general symptoms (e.g., fatigue) or
localized symptoms (e.g., gastrointestinal prob-
lems), and low motivation.

• Barrier-specific physical activity facilitators that
were most likely to be used addressed adapting
the exercise type or setting, using health behaviors
to take care of the body, and strategies to keep
warm and protect the skin.

• Generally, participants who experienced the barrier
and had tried the linked facilitator were likely to use
it, whereas participants who experienced the bar-
rier and had not tried the linked facilitator were
not likely to use it.

• Health care providers can use facilitators identified
in this study to adapt physical activity options so
that people with scleroderma can overcome bar-
riers to physical activity.
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phenomenon symptoms, time since SSc diagnosis, SSc subtype,
degree of joint contractures for small and large joints, tendon fric-
tion rubs status, interstitial lung disease status, pulmonary arterial
hypertension status, Raynaud’s phenomenon status, digital ulcer
status (digital pulp and anywhere else on the finger), and gastroin-
testinal tract involvement status (esophageal, stomach, and intes-
tinal). For each participant, we calculated the time from when
sociodemographic and medical characteristics were obtained at
entry into the SPIN Cohort to survey completion.

Physical activity. The SPIN Cohort assessment included the
following 2 items: 1) “Compared to other people your age, how
would you rate your physical activity during the past year?” (phys-
ically inactive, somewhat active, moderately active, quite active,
very active); and 2) “Do you exercise at present?” (yes, no).
Among participants who reported exercising at present, 2 addi-
tional items were administered: 1) “On the average, how many
hours per week do you exercise?”, and 2) “What type(s) of
exercise(s) do you do?” (walking, jogging, aerobics, swimming,
other [specify]). For the “other” option, participants could indicate
more than 1 type of exercise. All exercises described by partici-
pants in the “other” option were classified based on the 2011
Compendium of Physical Activities (16).

Physical function. We used the 4-item Patient-Reported Out-
comes Measurement Information System (PROMIS) physical func-
tion domain 4a (profile version 2.0) to evaluate self-reported
physical activity capability. Each item is scored on a 5-point scale
(1–5), where higher scores reflect better physical function over the
previous 7 days. The total score is obtained by converting the sum
of raw item scores into T scores standardized from the general US
population (mean ± SD 50 ± 10). The PROMIS physical function
domain 4a (profile version 2.0) has been validated in SSc (17–19).

Functional disability. The Health Assessment Questionnaire
disability index (HAQ DI) assesses 8 disability categories over the
past 7 days. Each item is rated on a 4-point scale, ranging from
0 (without any difficulty) to 3 (unable to do), where higher scores
reflect greater functional disability. The highest score from each
category determines the score for that category, and the total
score is the mean of the 8 category scores, ranging from
0 (no disability) to 3 (severe disability). The HAQ DI is a valid mea-
sure of functional disability in SSc (20).

SPIN Physical Activity Survey.We developed the SPIN Phys-
ical Activity Survey to evaluate whether possible physical activity
barriers were experienced and, if experienced, their importance
and to evaluate possible facilitators for likelihood of use (see Sup-
plementary Appendix A, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24567).
An initial list of barriers and facilitators was generated via 9 nominal
group technique sessions with 41 people with SSc at patient con-
ferences in Canada, the US, and France (13). Study investigators
consolidated overlapping items, reworded unclear items, and
excluded vague or unrelated items. Next, the 9-member SPIN
Physical Activity Patient Advisory Team (see Appendix A for

advisory team members) and SPIN-affiliated health care providers
made recommendations to reword, exclude, or add barrier and
facilitator items. The item list included 20 barriers classified into
4 categories (21), including health and medical (n = 14); social and
personal (n = 4); time, work, and lifestyle (n = 1); and environmental
(n = 1). There were 91 barrier-specific facilitators and 12 general
facilitators. Patient advisors pilot tested the survey and provided
feedback on usability; survey instructions were revised accordingly.
The survey was then translated into French using a standard
forward–backward translation process (22).

In the survey, to reduce burden, participants were asked to
select up to 10 of the 20 total barriers that they had experienced
and believed were important for them, initially order selected bar-
riers from most to least important by dragging them into position,
and rate each selected barrier on a 4-point Likert scale based on
importance to them when thinking about or actually being physi-
cally active (not important, somewhat important, important, very
important). We next presented participants with all barrier-specific
facilitators that corresponded to their selected barriers, and they
rated the likelihood that they would use each barrier-specific facil-
itator to overcome the corresponding barrier (not likely, somewhat
likely, likely, very likely) and indicated whether they had previously
tried it. Participants similarly rated general facilitators. At the end
of the survey, participants were able to provide suggestions for
additional barriers and facilitators.

Data analysis.We used descriptive statistics, summarized
continuous variables using medians (ranges) and categorical vari-
ables using percentages, and listed additional barriers and facilita-
tors provided by participants. To gain further insights, we stratified
the analyses related to barriers by whether participants exercised
or not and by sex. In addition, because we believed that those
who tried a facilitator that helped their physical activity would be
likely to use it again, we stratified the analyses based on the likeli-
hood of using facilitators separately by those who had experi-
enced the barrier and previously tried the facilitator in
comparison to those who had experienced the barrier but had
not tried the facilitator.

We classified barriers using the same 4 categories used to
classify them in the nominal group technique study where the list
was generated (13). Also, based on consensus among investiga-
tors and the SPIN Physical Activity Patient Advisory Team, we
applied descriptive labels in the text to similar barriers and facilita-
tors in order to clearly and succinctly summarize results. All analy-
ses were conducted with Microsoft Excel, version 16.16.

RESULTS

Participant characteristics. Of 1,707 invited SPIN
Cohort participants, 721 (42%) completed the full SPIN Physical
Activity Survey and were included in analyses). A total of 70 partici-
pants who partially completed the survey were excluded. The
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median age of participants was 59 years (range 22–89 years),
~90% were women, and almost half were employed full- or
part-time (Table 1). Median time duration since SSc diagnosis
was 10.4 years, and ~40% of participants had diffuse SSc.
Approximately one-third of participants were ≥1 SD below the
US population mean score on the PROMIS physical function
domain 4a (profile version 2.0), and half had at least mild func-
tional impairment (median HAQ DI score 0.6). As shown in
Table 2, walking was performed by 47% of participants and
conditioning exercises by 26%.

Sociodemographic and medical characteristics of respon-
dents were similar to nonrespondents; the range of differences
for categorical variables was 0–7% (Table 1). However, there
were some differences in physical activity characteristics between
respondents and nonrespondents. There was a 15% difference in
the proportion who reported currently exercising (61% of

respondents versus 46% of nonrespondents) and differences in
the proportion who performed specific types of exercises.

Physical activity barriers. There were 172 participants
(24%) who experienced and selected 10 barriers for rating and
549 (76%) who selected fewer than 10. Themedian number of bar-
riers selected was 7. There were 4 barriers, all health and medical
barriers, that were experienced and selected for rating by ≥50%
of the 721 total participants, including Raynaud’s phenomenon,
fatigue, joint stiffness and contractures, and difficulty grasping
objects. Of these 4 barriers, fatigue (58%) and Raynaud’s phenom-
enon (57%) were selected for rating and classified as important or
very important by ≥50% of total participants. The joint stiffness
and contractures barrier was selected and rated as important or
very important by 49% of participants, shortness of breath by
38%, gastrointestinal problems by 36%, difficulty grasping objects

Table 1. Participant sociodemographic and medical characteristics*

Variable

SPIN Cohort

Respondents
(n = 721)

Nonrespondents
(n = 986)

Sociodemographic variables
Age, median (range) years 59 (22–89) 57 (21–91)
Women 640 (89) 865 (88)
White race/ethnicity 603 (85); n = 714† 717 (79); n = 912‡
Education completed, median (range) years§ 16 (3–27); n = 708† 15 (0–28); n = 900‡
Employed full- or part-time 323 (46); n = 708† 369 (41); n = 903‡
Married or living as married 455 (64); n = 708† 547 (61); n = 903‡
Geographic region
North America 429 (60) 584 (59)
Europe 292 (40) 401 (41)
Australia 0 (0) 1 (0)

English survey language 447 (62) 649 (69); n = 935‡
Medical variables

Time in years since baseline assessment
when medical data were recorded,
median (range)

3.1 (0.4–5.8) 3.1 (0.4–6.7)

Time in years since first non–Raynaud’s
phenomenon symptom, median (range)

12.3 (0.4–47.3); n = 666† 11.3 (1.6–58.8); n = 899‡

Time in years since systemic sclerosis
diagnosis, median (range)

10.4 (0.4–43.8); n = 697† 9.8 (0.8–58.8); n = 939‡

Diffuse systemic sclerosis subtype 279 (39); n = 713† 409 (42); n = 979‡
Body mass index, median (range) 24.0 (14.7–60.7) 24.6 (13.0–64.4)
Raynaud’s phenomenon 695 (98); n = 711† 963 (98); n = 979‡
Digital ulcers (distal pulp) 238 (34); n = 703† 364 (38); n = 970‡
Digital ulcers (anywhere else on the finger) 101 (15); n = 692† 184 (19); n = 944‡
Current or past tendon friction rubs 154 (25); n = 618† 210 (24); n = 865‡
Moderate or severe contractures of small joints 172 (26); n = 673† 253 (27); n = 934‡
Moderate or severe contractures of large joints 79 (12); n = 657† 136 (15); n = 918‡
Any gastrointestinal involvement 621 (87); n = 706† 873 (89); n = 983‡
Interstitial lung disease 228 (33); n = 692† 346 (36); n = 974‡
Pulmonary arterial hypertension 45 (7); n = 691† 80 (9); n = 937‡
PROMIS physical function domain score,
median (range)

43.4 (22.9–56.9); n = 705† 41.8 (22.9–56.9); n = 876‡

Total HAQ DI score, median (range) 0.6 (0.0–3.0); n = 701† 0.6 (0.0–3.0); n = 862‡

* Values are the number (% of data recorded) of participants unless indicated otherwise. HAQ DI = Health Assessment Ques-
tionnaire disability index; PROMIS = Patient Reported Outcomes Measurement Information System (profile version 2.0).
† No. of Scleroderma Patient-Centered Intervention Network (SPIN) respondents due to missing data.
‡ No. of SPIN nonrespondents due to missing data.
§ Years of education completed beginning from elementary/primary school and including all levels of formal education.
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by 33%, pain by 33%, muscle weakness and difficulty with mobility
by 29%, and lack of motivation and difficulty committing to exercise
by 26%. A summary of the initial sorted rankings of barriers by
importance, rather than by ratings, is available (see Supplementary
Appendix B, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24567).

The distribution of barrier ratings separately for participants
who did (n = 433) and did not (n = 282) report presently engaging
in exercise is shown (see Supplementary Appendices C and D,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24567).
The importance of barriers tended to be rated higher by those
who did not exercise. The 3 largest differences in the percentage
of participants rating barriers as important or very important were
for lack of motivation (21% difference), fatigue (14% difference),
and difficulty grasping objects (11% difference).

The distribution of barrier ratings for male (n = 81) and female
(n = 640) participants is shown (see Supplementary Appendices
E and F, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24567). Overall, the
distributions of barrier ratings for male and female participants were
generally similar. The 2 barriers with the largest differences were

gastrointestinal problems (12%) and Raynaud’s phenomenon
(10%), which both had a higher percentage of female participants
rating the barrier as important or very important (Figure 1).

Physical activity facilitators. Overall, of 103 facilitators
rated by participants who had experienced the linked barrier,
23 (22%) were rated as likely or very likely to use by ≥75% of par-
ticipants and an additional 58 (56%) facilitators were rated the
same by ≥50% of participants. The full list of barriers, their facilita-
tors, and participant ratings is available (see Supplementary
Appendix G at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24567); it is also accessible online as an interactive spread-
sheet (https://osf.io/2mxj5/) that facilitates sorting and identifying
facilitators for different barriers. Table 3 shows the 12 health and
medical barriers that were experienced and selected for rating
by ≥25% of total participants and a selection of corresponding
barrier-specific facilitators that were commonly rated as likely or
very likely to use among those who tried them. The most common
facilitators overall and among those presented in Table 3 involved
strategies for adapting exercise type, conduct, or setting
(e.g., using controlled, slow movement), changing health

Table 2. Participant physical activity characteristics (n = 721)*

Variable
SPIN Cohort
respondents

SPIN Cohort
nonrespondents

Participants’ perception of their physical activity level in the past
year compared to other people their age

Physically inactive 85 (12) 155 (17)
Somewhat active 199 (28) 316 (34)†
Moderately active 233 (33) 270 (29)†
Quite active 148 (21) 115 (12)†
Very active 50 (7) 66 (7)†

Currently exercise 433 (61) 421 (46)‡
Hours per week of exercise, median (range) 4 (1–15)§ 4 (1–15)¶
Types of exercises performed
Walking 333 (47) 328 (35)
Jogging 24 (3) 25 (3)
Aerobics 75 (11) 64 (7)
Swimming 59 (8) 41 (4)
Other 275 (39) 209 (22)

“Other” exercises (selected examples)#
Bicycling (biking, cycling, spinning) 42 (6) 29 (3)
Conditioning (elliptical, gym, pilates, stretching, tai chi,

weight-lifting, yoga)
183 (26) 152 (16)

Lawn and garden (gardening, landscaping, yard work) 16 (2) 9 (1)
Sports (badminton, racquetball, bowling, golf) 25 (4) 26 (3)
Walking (Nordic walking) 13 (2) 9 (1)
Water activities (aquatic classes, kayaking, pool exercises) 14 (2) 7 (1)
Other categories** 52 (7) 12 (1)

* Values are the number (% of data recorded) of participants unless indicated otherwise. N = 715 for Sclero-
derma Patient-Centered Intervention Network (SPIN) Cohort respondents (due to missing data) and n = 933
for SPIN Cohort nonrespondents.
† N = 922 (due to missing data).
‡ N = 921 (due to missing data).
§ Participants who reported currently exercising and their average hours per week of exercise (n = 433).
¶ Participants who reported currently exercising and their average hours per week of exercise (n = 418).
# Participants could indicate >1 exercise, and each exercise was classified into 1 category.
** Other categories of activities performed by ≤2% of participants were dancing, fishing and hunting, home
activity, miscellaneous, music playing, and winter activities.
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behaviors to take care of the body (e.g., stretching), keeping
warm (e.g., wearing gloves), and protecting the skin
(e.g., covering ulcers). Additional barrier and facilitator sugges-
tions to those presented in our survey, which were provided by
survey respondents and were substantively different from those
included in the survey, are shown (see Supplementary
Appendix H, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24567).

The majority of the facilitators (62 of 103 [60%]) had been
tried by ≥50% of participants who rated them. Among those par-
ticipants who tried facilitators, 103 of 103 facilitators were rated
by ≥50% as likely or very likely to use, and 65 of 103 facilitators
were rated by ≥80% of participants as likely or very likely to use.
In contrast, only 12 of 103 facilitators were rated as likely or very
likely to use by ≥50% of participants who had not tried them
previously.

DISCUSSION

The main results of our study include the prevalence of bar-
riers to physical activity among more than 700 people with SSc,
along with their ratings of the importance of each barrier and of
the likelihood that they would use corresponding and more gen-
eral facilitators of physical activity. The most common barriers to
physical activity were Raynaud’s phenomenon and fatigue, fol-
lowed by compromised hand dexterity and challenges related to

respiratory, gastrointestinal, and skin pathologies. Among the
103 barrier-specific and general facilitators in the survey, for par-
ticipants who had tried each of them, at least 50% of participants
said they would be likely or very likely to use them to facilitate
physical activity. Health care providers can use our interactive
Excel spreadsheet (https://osf.io/2mxj5/) to review physical activ-
ity barriers and identify patient-generated facilitators to address
these barriers and support physical activity among individuals
with SSc.

Although this was the first study to evaluate patient-
generated physical activity barriers and possible facilitators to
overcome such barriers in a large SSc sample, results are consis-
tent with findings from previous studies. A previous study with the
SPIN Cohort (n = 752) found that presently reported exercise was
associated with fatigue, pain, degree of skin thickening, and func-
tional disability (9), all of which were identified by participants in
the present study as barriers. Facilitators rated widely as likely to
be used for such barriers were often related to adapting the exer-
cise form (e.g., use controlled, slowmovements for pain), conduct
(e.g., take rest breaks for fatigue, pain, and muscle weakness and
difficulty with mobility), and equipment (e.g., use wrist weights for
difficulty grasping objects). Consistent with the shortness of
breath barrier, lung involvement (23) and pulmonary hypertension
(24) have been found to be associated with reduced aerobic
capacity in 2 small exercise studies (n = 46 and n = 18 partici-
pants). Two of our barrier-specific facilitators (“take rest breaks

Figure 1. Distribution of ratings for barriers. Participants (n = 721 total participants) only rated up to a maximum of 10 barriers that they experi-
enced and selected for rating. Using a 4-point Likert scale, participants rated each of their selected barriers based on how important it is to them
personally when thinking about or actually being physically active (not important, somewhat important, important, very important). Because
172 participants rated the maximum of 10 barriers, it is possible that they experienced other barriers as well. Percentages refer to the percent of
721 participants who rated the adjacent barrier as important or very important.

PHYSICAL ACTIVITY BARRIERS AND FACILITATORS IN SCLERODERMA 1305

https://doi.org/10.1002/acr.24567
https://osf.io/2mxj5/


while exercising” and “lower the intensity of exercise to not expe-
rience shortness of breath”) directly address reduced aerobic
capacity.

Barriers outside the medical category were generally less
common than medical barriers. The most common nonmedical
barrier was “lack of motivation,” which was rated important or
very important by 26% of total participants, followed by “finding
time available to schedule exercise” (16%) and “feeling embar-
rassed or discouraged due to physical ability, appearance, or
judgement from others” (12%). While motivation- and time-

related barriers have been reported as important barriers to phys-
ical activity in the general population (25,26), the barrier about
feeling embarrassed or discouraged seems to more directly
reflect the unique experiences of people with SSc, particularly
psychosocial consequences due to concerns about visible
changes to one’s appearance (27).

Subgroup analyses revealed that a substantially larger pro-
portion of inactive participants had rated 2 health and medical
barriers (fatigue, difficulty grasping objects) and 1 social and per-
sonal barrier (lack of motivation) as important or very important

Table 3. The 12 medical barriers experienced and selected for rating by ≥25% of participants and a subset of corresponding novel and common
facilitators (n = 721 total participants)*

Barriers

Participants who
experienced and
selected barrier

for rating† Facilitators

Participants who
tried facilitator and
“likely” or “very
likely” to use it‡

Raynaud’s phenomenon 78 (564) Dress to stay warm (keep your core warm and cover areas of the
body that become cold – e.g., wear a warm hat, gloves, or
mittens)

93 (501/539)

Exercise in an area with a temperature that is comfortable for you 90 (451/502)
Wear heated or nonheated warm gloves or mittens and socks 92 (452/494)
Insert warmers (i.e., liners, or electric or chemical warmers) in
gloves or mittens or socks

86 (334/387)

Fatigue 71 (508) Take rest breaks while exercising (e.g., between activities) 83 (333/403)
Break exercise into several short periods (e.g., three 10-minute
walks) rather than a single long period (e.g., one 30-minute walk)

82 (235/286)

Get enough sleep and plan to take a nap during the day 80 (273/342)
Joint stiffness and contractures 60 (434) Do daily gentle stretching and exercises that move your joints

through their maximum range of motion
82 (256/312)

Use controlled, slow movements that are comfortable for you 85 (263/309)
Difficulty grasping objects 51 (365) Use adapted exercise equipment (e.g., weights with a larger

handle or wrist weights)
82 (108/132)

Shortness of breath 47 (338) Lower the intensity of the exercise to not experience shortness
of breath

86 (251/291)

Gastrointestinal problems 46 (334) If you have acid reflux, modify exercise positions to keep your body
upright (e.g., do push-ups against the wall instead of push-ups
against the ground)

89 (148/166)

Pain 42 (300) Modify exercise so it does not cause pain (e.g., use lighter weights
or walk slower)

87 (223/256)

Itching or dryness of skin 40 (289) Moisturize regularly or as needed (e.g., use lotion or wear
moisturizing gloves or socks)

89 (223/251)

Muscle weakness and difficulty
with mobility

36 (258) If you have difficulty with balance, place a hand against an
immovable object (e.g., wall or pole) for support or exercise
while sitting on an immovable chair or seat

88 (151/172)

If you have difficulty with balance, use assistive devices
(e.g., hiking poles)

81 (77/95)

Difficulty with bowel and
bladder control

28 (205) Wear a pad or underwear designed for bowel and bladder control
issues

90 (132/146)

Ulcers or sores on hands or feet 27 (195) Apply nonadhesive bandages to cover and protect ulcers or sores 92 (140/153)
Wear appropriate clothing to cover and protect ulcers or sores
(e.g., gloves or mittens)

90 (148/165)

If you have foot ulcers or sores, put pads in shoes or wear
specialized soles or shoes (e.g., open-toe shoes)

87 (65/75)

Activities involving water may
worsen condition of hands or
skin on other areas of the body

26 (188) Wear a wet suit, gloves, or socks designed for water exercises to
stay warm

72 (33/46)

* Participants rated on a 4-point Likert scale the likelihood that they would use each barrier-specific facilitator to overcome the corresponding
barrier to be physically active (not likely, somewhat likely, likely, very likely). See interactive Excel file (https://osf.io/2mxj5/) for the full list.
† Values are the % (number) of participants who experienced and selected the barrier for rating.
‡ Values are the % (number/total number) of participants who rated the facilitator as “likely” or “very likely” to use among those who experi-
enced the barrier and had tried the facilitator.
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compared to active participants. These 3 barriers could be tar-
geted when developing general interventions to promote physical
activity in SSc patients.

All facilitators were rated by at least half of participants who
tried the facilitators as likely or very likely to use. Some facilitators
commonly rated as likely to be used are consistent with widely
recommended strategies, such as for warming in Raynaud’s phe-
nomenon (28), and identifying enjoyable activities for people who
have difficulty with motivation or exercise adherence (29). On the
other hand, there were novel barrier-specific facilitators widely
perceived as likely to be used that, to our knowledge, have not
been reported in the literature but could be helpful for health care
providers promoting physical activity to individuals with SSc.
Many novel facilitators addressed adapting the exercise (either
by adapting the exercise conduct, type, or setting), including use
of adapted exercise equipment (barriers of difficulty grasping
objects and joint stiffness and contractures) and “participate in
gentle exercise classes that may be intended for new exercisers
or people with limitations for exercising” (barrier of fear of injury
or extended recovery time). Importantly, individuals with SSc
should consult a qualified clinician about how to exercise safely.

In general, participants who tried facilitators rated them
favorably, as likely or very likely to use, in comparison to those
who had not tried them. This finding suggests that some chal-
lenges may exist when proposing new facilitators to SSc patients.
Communication skills and strategy may be very important.
A widely used intervention to support physical activity in the
general population, Active Living Every Day (30), uses a social
modeling component when exposing individuals to new facilita-
tors. This intervention involves sharing the personal experiences
of people who describe how they overcame specific barriers to
leading a more active lifestyle. We expect that such social model-
ing would be a potentially effective strategy to promote physical
activity in SSc, especially for those patients who had not tried a
proposed facilitator.

Our findings suggest barriers that could be targeted to facili-
tate physical activity. Strategies to treat fatigue in rheumatoid arthri-
tis include exercise, cognitive behavioral therapy, and self-
management programs (31). SPIN is currently testing a SSc self-
management program (SPIN-SELF) (32). Strategies to reduce the
effects of Raynaud’s phenomenon include keeping a diary and
identifying activities that trigger attacks, keeping the body and
hands warm (e.g., layered clothing, gloves), and avoiding smoking
(33). Limitations in mobility, which are common in the hands (34),
may be addressed through hand stretches and exercises, and
SPIN has developed the SPIN-HAND program, which is available
online, free-of-charge (35). Social support is a strong predictor of
exercise intention and stage of behavior change for exercise (36).
Many people with SSc attend support groups (37), and the
SPIN-SELF program also contains a group component.

There are limitations to take into account in interpreting results
of the present study. First, the results may not be generalizable to

people who do not speak English or French, reside outside of North
America and Europe, or do not have access to a device with inter-
net. Second, a higher proportion of respondents (61%) reported
currently exercising in comparison to SPIN Cohort nonrespondents
(46%). Third, participants were presented with 20 possible barriers,
but in order to reduce respondent burden, we only allowed them to
select up to 10 barriers that they had experienced. Almost 25% of
participants selected 10 barriers and might have experienced and
selected additional barriers, if that had been permitted, although
these would have been of lesser importance to the participant than
the ones they selected. Fourth, although participants were asked to
select the barriers for rating that they experienced and felt were
important, some participants rated at least 1 of their selections as
“not important.” Fifth, although participants rated the importance
of barriers and likelihood of using facilitators, the survey did not elicit
explanations for why they rated barriers and facilitators as they did.
Such explanations might help to fine tune guidance to better
address physical activity difficulties experienced by individuals with
SSc. Sixth, although our measure of physical activity behavior was
modeled after part of an existing validated questionnaire (38,39),
we did not administer a validated measure of physical activity
behavior, which would have allowed us to better characterize par-
ticipants and to compare their physical activity behavior with other
samples. This was an effort to reduce respondent burden because
there were constraints on the number of items that we were able to
add to a preexisting cohort assessment. One area of future
research could include comparison of general levels of physical
activity behavior in SSc patients to the published norms in the gen-
eral population.

In summary, medical-related barriers to activity were most
commonly experienced and considered important; Raynaud’s
phenomenon and fatigue were the most commonly experienced
among them. Facilitators widely considered likely to be used
addressed adapting exercise type or setting, using health behav-
iors to take care of the body, and using clothing or materials to
protect the skin or to keep warm. Participants who had tried facil-
itators were generally more likely to use them again compared to
participants who had never tried them. Our online interactive
Excel file (https://osf.io/2mxj5/) allows health care providers to
easily identify relevant facilitators for common barriers to physical
activity experienced by individuals with SSc.
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Comprehensive Assessment of Quality of Life, Functioning,
and Mental Health in Children With Juvenile Idiopathic
Arthritis and Noninfectious Uveitis

Joseph McDonald,1 Amy Cassedy,1 Mekibib Altaye,1 Jennifer Andringa,1 Ashley M. Cooper,2

Carolyn Drews-Botsch,3 George Engelhard Jr.,4 Theresa Hennard,1 Gary N. Holland,5 Kirsten Jenkins,6

Scott R. Lambert,7 Jessi Lipscomb,1 Courtney McCracken,8 Deborah K. McCurdy,9 Najima Mwase,1

Sampath Prahalad,10 Jessica Shantha,8 Erin Stahl,2 Virginia Miraldi Utz,1 A. Adrienne Walker,11 Steven Yeh,8

and Sheila T. Angeles-Han12

Objective. Pediatric uveitis can lead to sight-threatening complications and can impact quality of life (QoL) and
functioning. We aimed to examine health-related QoL, mental health, physical disability, vision-related functioning
(VRF), and vision-related QoL in children with juvenile idiopathic arthritis (JIA), JIA-associated uveitis (JIA-U), and other
noninfectious uveitis. We hypothesized that there will be differences based on the presence of eye disease.

Methods. A multicenter cross-sectional study was conducted at four sites. Patients with JIA, JIA-U, or noninfec-
tious uveitis were enrolled. Patients and parents completed the Pediatric Quality of Life Inventory (PedsQL; health-
related QoL), the Revised Childhood Anxiety and Depression Scale (RCADS; anxiety/depression), the Childhood
Health Assessment Questionnaire (C-HAQ; physical disability), and the Effects of Youngsters’ Eyesight on Quality of
Life (EYE-Q) (VRF/vision-related QoL). Clinical characteristics and patient-reported outcomemeasures were compared
by diagnosis.

Results. Of 549 patients, 332 had JIA, 124 had JIA-U, and 93 had other uveitis diagnoses. Children with JIA-U had
worse EYE-Q scores compared to those with JIA only. In children with uveitis, those with anterior uveitis (JIA-U and
uveitis only) had less ocular complications, better EYE-Q scores, and worse C-HAQ and PedsQL physical summary
scores compared to those with nonanterior disease. In children with anterior uveitis, those with JIA-U had worse
PedsQL physical summary and C-HAQ scores than anterior uveitis only. Further, EYE-Q scores were worse in children
with bilateral uveitis and more visual impairment. There were no differences in RCADS scores among groups.

Conclusion. We provide a comprehensive outcome assessment of children with JIA, JIA-U, and other uveitis diag-
noses. Differences in QoL and function were noted based on underlying disease. Our results support the addition of a
vision-specific measure to better understand the impact of uveitis.

INTRODUCTION

Pediatric uveitis is an inflammatory ocular condition that can

lead to sight-threatening complications and blindness. Most

forms of uveitis in the US are not attributable to infection (1).

Juvenile idiopathic arthritis (JIA) is the most common systemic

disease association (2,3). Uveitis without concomitant systemic

disease is known as idiopathic uveitis and has a similar incidence

as JIA-associated uveitis (JIA-U) (4,5). Uveitis can be found in
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other systemic diseases such as HLA–B27 disease, Behҫet’s dis-

ease, sarcoidosis, and vasculitides. Inflammation typically occurs

in the anterior portion of the eye in children with JIA-U. Uveitis

may also be present in other locations, as in intermediate, poste-

rior, and panuveitis.
In pediatric uveitis, the ophthalmic examination remains

the primary method to assess disease status and to guide
therapy. Intraocular inflammation (presence of inflammatory
cells and flare) represent disease activity, visual acuity
(VA) indicates level of vision impairment, and presence of ocu-
lar complications denotes ocular damage (6). These measures,
however, likely underestimate the true impact of disease on the
child, since they do not account for the effect of vision impair-
ment and the burden of chronic disease management on a
child’s quality of life (QoL) and functioning (7). Few studies have
examined QoL in children with pediatric uveitis (8,9). Most of
these studies focused on general health-related QoL (HRQoL)
and have not included uveitis-specific measures or assess-
ments of mental health (10–12).

Studies in adults with uveitis using adult-based vision and
mental health questionnaires have demonstrated that those
with uveitis and vision impairment have worse QoL and visual
functioning, and higher rates of anxiety and depression
(13–16). In addition, the impact of uveitis diagnosed in child-
hood has longstanding effects into adulthood, with data
showing increased rates of anxiety and depression even in
those adult patients with normal VA (17). Characterizing QoL
outcomes in children with uveitis could complement clinical
assessment and improve disease management. The aim of
this study is to examine HRQoL, mental health, physical dis-
ability, vision-related functioning (VRF), and vision-related
QoL (VRQoL) in children with JIA, JIA-U, and with other nonin-
fectious pediatric uveitis diagnoses.

PATIENTS AND METHODS

Study population. A multicenter cross-sectional study
was performed at 4 sites, including Cincinnati Children’s Hospital
Medical Center (CCHMC) in Cincinnati, Ohio; Emory University
(EU) in Atlanta, Georgia; Children’s Mercy Hospital (CMH) in Kan-
sas City, Missouri; and University of California Los Angeles (UCLA)
Stein Eye Institute and UCLA Mattel Children’s Hospital in Los
Angeles, California. All study sites had local institutional review
board approval. Children with a diagnosis of JIA, JIA-U, or nonin-
fectious uveitis of any etiology (other uveitis) were eligible to partic-
ipate. All age-eligible patients seen in clinic were recruited during
their regularly scheduled rheumatology or ophthalmology clinic
visits from November 30, 2011 to September 27, 2019.
Patients at EU and CCHMC were enrolled in a prospective epi-
demiology study. For this analysis, only baseline data were
used. Patients at CMH and UCLA were enrolled in a cross-
sectional study and completed one study visit. Inclusion cri-
teria were 1) a diagnosis of JIA per the International League of
Associations for Rheumatology classification criteria and/or
uveitis (18); 2) age of 5–18 years at time of the study visit; and
3) English speaking. Exclusion criteria were 1) comorbidity
unrelated to uveitis or arthritis that substantially affects QoL
and functioning; 2) major developmental disorders; 3) non-
English speaking; and 4) inability to complete questionnaires
for any reason. Informed consent/assent was obtained for
every patient.

Data collection. Disease characteristics. At the baseline
study visit parents and patients completed disease and demo-
graphic information questionnaires, which included the following
variables: age, sex, self-identified race and ethnicity, JIA subtype,
JIA diagnosis, and/or uveitis diagnosis. Medical chart review was
performed to obtain disease duration for JIA and/or uveitis, cur-
rent medication use, history of ocular complications, and anterior
uveitis disease activity (anterior chamber [AC] cells) per the Stan-
dardization of Uveitis Nomenclature criteria and best-corrected
VA (BCVA) from the ophthalmic examination (6). Uveitis location
was defined as anterior and nonanterior (intermediate, posterior,
and panuveitis). Anterior uveitis included children with JIA-U and
anterior uveitis only.

Patient-reported outcome measures. Patients (if age appro-
priate) and parents also completed patient-reported outcome
measures at the time of the study visit, prior to their ophthalmol-
ogy evaluation. Information regarding the number of patients and
parents completing each patient-reported outcome measure
can be found in Supplementary Table 1, available on the Arthritis
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SIGNIFICANCE & INNOVATIONS
• Studies assessing outcomes in children with uveitis

rarely examine health-related quality of life, mental
health, physical disability, and vision-related func-
tion and quality of life.

• We provide a comprehensive assessment of
these measures beyond ophthalmic examination
findings.

• Use of a uveitis-focused instrument shows differ-
ences in outcomes based on the presence of eye
disease and may help us better understand the
impact of uveitis.
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Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24551.

VRF and VRQoL were assessed using the Effects of Young-
sters’ Eyesight on Quality of Life (EYE-Q) questionnaire. The
EYE-Q is a questionnaire for children and adolescents ages
5–18 years that contains 25 questions assessing VRF and oph-
thalmic symptoms (i.e., near and far vision, color vision, night
vision, photosensitivity) and VRQoL (i.e., feelings about use of med-
ication, participating in activities related to vision, and having a
uveitis diagnosis) (19–21). Each question is answered on a 3-point
Likert scale. The response format measures the level of difficulty in
performing a task for VRF and how true a QoL statement is for
VRQoL. Answers are converted to scores with a range from 0 to
100. Higher scores indicate better VRF and VRQoL. Patients age
8 years and older were eligible to complete the child forms.

General HRQoL was assessed using the Pediatric Quality of
Life Inventory, version 4.0 (PedsQL) (22). It is a 23-item measure
of general HRQoL in children ages 2–18 years of age and
includes 4 core scales: 1) physical, 2) emotional, 3) social, and 4)
school functioning. We focused on total, physical, and psychoso-
cial domains. Scores range from 0 to 100, with higher scores indi-
cating better overall HRQoL. Patients age 5 years and older were
eligible to complete the form for children.

Anxiety and depression were assessed using the Revised
Childhood Anxiety and Depression Scale (RCADS) (23). It is one
of the more widely distributed, brief screening tools used in chil-
dren for evaluating symptoms of anxiety and depression. Scores
of 70 or higher on the RCADS indicate clinically significant anxiety
and depression. Patients age 8 and older were eligible to com-
plete the form for children.

Physical functioning was assessed using the Childhood
Health Assessment Questionnaire (C-HAQ) (24). It is a valid
arthritis-specific measure that evaluates physical functioning and
disability in 8 domains: 1) dressing and grooming, 2) arising, 3)
eating, 4) walking, 5) hygiene, 6) reach, 7) grip, and 8) activities.
Scores range from 0 to 3, with higher scores indicating worse
physical functioning. Patients age 8 years and older were eligible
to complete the form for children.

Statistical analysis. Measures of central tendency, vari-
ability, and association were calculated for all variables in the
study. Frequencies (percentages), means (SDs), and medians
(interquartile ranges [IQRs]) were used to describe the distribution
of the data, overall and by disease group. The associations
between the disease group and demographic, clinical, and psy-
chosocial outcome variables were tested using chi-square test
(χ2), Student’s t-test (correcting for unequal variances using
the Satterthwaite methods, when necessary), Kruskal-Wallis test
when comparing differences between group medians, and gen-
eral linear models for multivariable models controlling for study
site. In order to examine the specific group differences when all
three disease groups were in the model, a Bonferroni corrected

alpha level of P less than 0.017 for statistical significance was
used. When only two groups were examined, an alpha level of
P less than 0.05 was used to determine significance. Probability
values were reported in this study. Data was analyzed using
SAS software, version 9.3.

RESULTS

Overall patient characteristics.Of 549 patients enrolled
in the study, 332 (60.5%) had JIA only, 124 (22.6%) had JIA-U,
and 93 (16.9%) had other uveitis (Table 1). The majority of patients
were White (81.2%), non-Hispanic (92.5%), and female (70.5%),
with a mean ± SD age of 10.5 ± 4.0 years.

Patients with arthritis (JIA and JIA-U). Overall, the median
age at JIA diagnosis was 5.4 years (IQR 2.8–10.4 years), and
the median JIA disease duration was 2.6 years (IQR 0.8–6.1
years). Oligoarticular-persistent JIA was the most common sub-
type, in 39.7% of all JIA patients. There were group differences
at age of JIA diagnosis and duration of disease. Patients with
JIA-U were younger at diagnosis of their arthritis than those with
JIA only (3.0 versus 6.4 years; P < 0.001) and had a longer JIA
disease duration (5.5 versus 1.9 years; P < 0.001).

Patients with uveitis (JIA-U and other uveitis patients).

Overall, the median age at uveitis diagnosis among all uveitis
patients was 6.1 years (IQR 3.5–10.2 years) and the median dis-
ease duration was 2.8 years (IQR 0.6–6.3 years). A majority of
uveitis patients had bilateral disease (68.2%). All JIA-U patients
with known location of disease had anterior involvement
(n = 117). Of the other uveitis patients, 51.6% had anterior dis-
ease only, and 48.4% had disease extending beyond the AC
cells. Of 141 uveitis patients having an eye examination within
60 days of the study visit, 120 (85.1%) had anterior disease only,
with 48 (40%) having active uveitis (≥0.5 positive AC cells) and
72 (60%) experiencing no activity at the time. Of 182 uveitis
patients with VA recorded, 29.1% had bilateral and 13.7% had
unilateral visual impairment equal to or worse than 20/50, and
11.0% had bilateral and 3.8% had unilateral visual impairment
equal to or worse than 20/200 during the course of their disease.

There were group differences for demographic and clinical
characteristics. Patients with JIA-U were younger at uveitis diag-
nosis (median age of 4.0 versus 9.1 years; P < 0.001) and were
more likely to have anterior disease (93.6% versus 65.6%;
P < 0.001) compared to patients with other uveitis. There were
more male (46.2% versus 20.2%; P < 0.001) and Black patients
(38% versus 8.9%; P < 0.001) with other uveitis compared to
JIA-U patients. They were also more likely to have intermediate
disease (28.0% versus 2.4%; P < 0.001). Patients with other uve-
itis had increased visual impairment (56.2% versus 33.7%;
P = 0.002), synechiae (41.3% versus 24.2%; P = 0.007), and
cystoid macular edema (20.7% versus 2.4%; P < 0.001). There
were no significant differences in other ocular complications.
When examining uveitis based on location, those with non-anterior
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uveitis (intermediate, posterior, and panuveitis) had increased
rates of cystoid macular edema compared to those with anterior
uveitis (JIA-U and other uveitis).

QoL measures. VRQoL (EYE-Q). Children with JIA-U
reported significantly worse VRF and VRQoL compared to those
with JIA only, as seen in the total scores (mean ± SD 82.1 ± 1.4

Table 1. Characteristics of children with JIA and various forms of uveitis*

Characteristic
Overall JIA only JIA-U Other uveitis†
(n = 549) (n = 332) (n = 124) (n = 93) P

Study site <0.001‡
CCHMC 180 (32.8) 102 (30.7) 43 (34.7) 35 (37.6) –

Emory 337 (61.4) 230 (69.3) 50 (40.3) 57 (61.3) –

CMH 16 (2.9) 0 (0.0) 16 (12.9) 0 (0.0) –

UCLA 16 (2.9) 0 (0.0) 15 (12.1) 1 (1.1) –

Demographic information
Age, mean ± SD years 10.5 ± 4.0 10.4 ± 4.0 10.5 ± 3.9 11.1 ± 3.9 0.319
Male sex 164 (30.2) 97 (29.5) 25 (20.2) 42 (46.2) <0.001‡
Race (not mutually exclusive)
White 445 (81.2) 289 (87.1) 100 (80.7) 56 (60.9) <0.001‡
African American 74 (13.5) 28 (8.4) 11 (8.9) 35 (38.0) <0.001‡
Asian 19 (3.5) 11 (3.3) 6 (4.8) 2 (2.2) 0.554
Multi-racial 14 (2.6) 7 (2.1) 2 (1.7) 5 (5.6) 0.15
American Indian/Alaskan Native 10 (1.8) 7 (2.1) 2 (1.6) 1 (1.1) 0.795
Unknown/declined 10 (1.8) 3 (0.9) 6 (4.8) 1 (1.1) <0.017‡
Ethnicity, Hispanic 40 (7.5) 18 (5.5) 16 (13.2) 6 (6.7) 0.022‡

JIA characteristics
Age at diagnosis, median (IQR) years 5.4 (2.8–10.4) 6.4 (3.6–10.9) 3.0 (1.4–6.2) – <0.001‡
Duration of disease, median (IQR) years 2.6 (0.8–6.1) 1.9 (0.5–5.2) 5.5 (2.0–9.3) – <0.001‡
JIA subtype
Oligoarticular persistent 181 (39.7) 125 (37.7) 56 (45.2) – 0.145
Oligoarticular extended 37 (8.1) 24 (7.2) 13 (10.5) – 0.257
Polyarticular RF negative 71 (15.6) 64 (19.3) 7 (5.7) – <0.001‡

Uveitis characteristics
Age at diagnosis, median (IQR) years 6.1 (3.5–10.2) – 4.0 (2.8–6.4) 9.1 (6.1–11.9) <0.001‡
Duration of disease, median (IQR) years 2.8 (0.6–6.3) – 5.1 (1.4–8.4) 1.4 (0.4–3.3) <0.001‡

Bilateral disease 148 (68.2) – 84 (67.7) 64 (68.8) 0.202
AC cells§ 0.519
0 cells 84 (59.6) – 44 (57.1) 40 (62.5)
≥0.5 cells 57 (40.4) – 33 (42.9) 24 (37.5)

Visual acuity 20/50 or worse 79 (43.4) – 35 (33.7) 44 (56.2) 0.002‡
Visual acuity rank ordered 0.047‡

20/20 to 20/40 104 (57.1) – 69 (66.4) 35 (44.3) –

20/50 to 20/190 51 (28.0) – 23 (22.1) 28 (35.0) –

20/200 or worse 27 (14.8) – 10 (9.8) 17 (21.2) –

Location
Anterior 177 (81.6) – 117 (94.4) 61 (65.6) <0.001‡
Intermediate 29 (13.4) – 2 (1.6) 26 (28.0) <0.001‡
Posterior 5 (2.3) – 0 (0.0) 5 (5.4) 0.009‡
Panuveitis 10 (4.6) – 0 (0.0) 10 (10.8) <0.001‡

Ocular complications, ever
Glaucoma/glaucoma suspect 30 (14.0) – 16 (12.9) 14 (15.4) 0.604
Cataracts 58 (26.9) – 27 (21.8) 31 (33.7) 0.051
Synechiae 68 (31.5) – 30 (24.2) 38 (41.3) 0.007‡
Band keratopathy 40 (18.5) – 21 (16.9) 19 (20.6) 0.487
Amblyopia 13 (6.0) – 9 (7.3) 4 (4.3) 0.364
Cystoid macular edema 22 (10.2) – 3 (2.4) 19 (20.7) <0.001‡
Other¶ 63 (29.2) – 29 (24.0) 34 (37.0) 0.03‡

Treatment, at time of visit
Steroid drops 109 (50.2) – 52 (41.9) 57 (61.3) 0.005‡
Dilating drops 10 (4.6) – 5 (4.0) 5 (5.4) 0.64
IOP-lowering drops§ 35 (16.1) – 18 (14.5) 17 (18.3) 0.456
Methotrexate oral 101 (18.4) 64 (19.3) 27 (21.8) 10 (10.8) 0.094
Methotrexate SQ 119 (21.7) 72 (21.7) 28 (22.6) 19 (20.4) 0.93
Mycophenolate 11 (2.0) 0 (0.0) 8 (6.5) 3 (3.2) <0.001‡
Etanercept 35 (6.4) 34 (10.2) 1 (0.8) 0 (0.0) <0.001‡

(Continued)
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versus 89.7 ± 0.9; P < 0.001), VRF (mean ± SD 86.0 ± 1.5 versus
91.4 ± 1.0; P = 0.006), and VRQoL (mean ± SD 70.4 ± 2.2 versus
82.0 ± 1.6; P < 0.001) for the parent report (Table 2). Results were
similar in the child reports, with the exception of VRF scores.

When comparing according to disease location, all patients
with anterior disease (JIA-U and anterior uveitis only) had better
total EYE-Q scores (mean ± SD 81.8 ± 1.2 versus 76.7 ± 2.2;
P = 0.027) and VF scores (mean ± SD 85.2 ± 1.4 versus 79.6
± 2.5; P = 0.037) by parent report compared to uveitis patients
with disease in other locations (intermediate, posterior, and panu-
veitis) (Table 3). These differences were not seen in child reports.

Children with JIA-U and those with anterior uveitis only
(no arthritis) did not have significant differences in EYE-Q scores
by parent or child report (Table 4). When excluding patients with

JIA, there were also no differences appreciated between other
uveitis patients with anterior disease compared to other uveitis
patients with non-anterior disease (Supplementary Table 2, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24551).

All patients with uveitis had VRF and VRQoL assessed
based on laterality (unilateral versus bilateral disease), vision
impairment (VA), and presence of ocular complications. EYE-Q
total and VRF scores were worse by parent report among uveitis
patients with bilateral disease compared to those with unilateral
disease (data not shown). These differences were not appreci-
ated by child report. Additionally, EYE-Q scores were worse by
parent and child report based on degree of vision impairment
(Table 5).

Table 1. (Cont’d)

Characteristic
Overall JIA only JIA-U Other uveitis†
(n = 549) (n = 332) (n = 124) (n = 93) P

Infliximab 35 (6.4) 6 (1.8) 21 (16.9) 8 (8.6) <0.001‡
Adalimumab 56 (10.2) 29 (8.7) 25 (20.2) 2 (2.2) <0.001‡
Abatacept 10 (1.8) 8 (2.4) 2 (1.6) 0 (0.0) 0.302
Tocilizumab 20 (3.6) 12 (3.6) 8 (6.5) 0 (0.0) 0.043‡

* Values are the number (%) unless otherwise indicated. AC = anterior chamber; CCHMC = Cincinnati Children’s Hospital Medical Center;
CMH = Children’s Mercy Hospital; IOP = intraocular pressure; IQR = interquartile range; JIA = juvenile idiopathic arthritis; JIA-U = JIA-associated
uveitis; RF = rheumatoid factor; SQ = subcutaneous injection; UCLA = University of California, Los Angeles.
† Other uveitis: all other uveitis not associated with JIA.
‡ P < 0.05.
§ Cells taken at eye examination closest to study visit ± a 60-day period; 47 (38%) of JIA-U patients and 29 (31%) of uveitis only patients either did
not have an eye examination within a 60-day period of the study visit or had missing data.
¶ Other complications include vitreous hemorrhage, optic disc edema, aphakia, choroidal neovascular membranes, choriorential scare, retinal
neovascularization, retinal detachment, keratic precipitates, peri retinal fibrosis, floaters, blindness, ocular hypertension.

Table 2. Comparison of patient-reported outcome measures in children with JIA with and without
uveitis*

Outcome measure
JIA only

JIA-U,
anterior only

(n = 332) (n = 112) P

EYE-Q parent total 89.7 ± 0.9 82.1 ± 1.4 <0.001†
Vision-related function 91.4 ± 1.0 86.0 ± 1.5 0.011†
Vision-related QoL 82.0 ± 1.6 70.4 ± 2.2 <0.001†

EYE-Q child total 86.8 ± 1.1 82.0 ± 1.6 0.016†
Vision-related function 87.8 ± 1.1 84.2 ± 1.7 0.094
Vision-related QoL 81.1 ± 1.9 74.7 ± 2.6 0.007†

RCADS parent total 43.1 ± 1.5 43.0 ± 1.8 0.920
RCADS child total 34.4 ± 1.8 32.9 ± 2.0 0.460
PedsQL parent total 78.3 ± 1.2 79.7 ± 2.0 0.866
Physical 76.7 ± 2.7 80.3 ± 2.5 0.371
Psychosocial 80.2 ± 2.2 79.2 ± 2.0 0.391

PedsQL child total 78.8 ± 1.2 79.6 ± 1.9 0.822
Physical 80.8 ± 2.4 82.3 ± 2.2 0.689
Psychosocial 77.9 ± 2.3 78.2 ± 2.1 0.935

C-HAQ parent total 0.4 ± 0.06 0.26 ± 0.05 0.051
C-HAQ child total 0.4 ± 0.07 0.32 ± 0.06 0.285

* Values are themean ± SD exceptwhere indicated otherwise. Allmodels controlled for study site, sex,
race, and age. C-HAQ = Childhood Health Assessment Questionnaire, scores range 0–3, higher scores
indicate higher difficulty with activities of daily living; EYE-Q = Effects of Youngsters’ Eyesight on Quality
of Life, scores range 0–100, lower scores indicate worse visual function and vision-related quality of life
(QoL); JIA = juvenile idiopathic arthritis; JIA-U = JIA-associated uveitis; PedsQL = Pediatric Quality of Life
Inventory, scores range 0–100, higher scores indicate better QoL; RCADS = Revised Children’s Anxiety
and Depression Scale, scores ≥70 indicate clinically significant anxiety and depression.
† P < 0.05.
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EYE-Q scores were not significantly different for uveitis
patients based on presence or absence of ocular complications.
A comparison of EYE-Q scores based on disease activity was
not performed because of lack of variability in disease severity.

Anxiety and depression (RCADS). There were no significant
differences in RCADS scores among JIA, JIA-U, and other uveitis
patients for both child and parent reports (Tables 2–4). All RCADS
scores were below 70, suggesting that no patients were experi-
encing clinically significant anxiety or depression.

HRQoL (PedsQL). PedsQL total scores were similar in
patients with JIA-U and JIA by parent report (mean ± SD 79.7

± 2.0 versus 78.3 ± 1.2; P = 0.866) and child report (mean ± SD
79.6 ± 1.9 versus 78.8 ± 1.2; P = 0.822) (Table 2). Patients with
JIA-U, however, had worse PedsQL physical summary scores
compared to those with anterior other uveitis (no arthritis) by parent
report (mean ± SD 80.3 ± 2.5 versus 91.0 ± 4.0; P = 0.013) and
child report (mean ± SD 82.3 ± 2.2 versus 92.6 ± 3.7; P = 0.008)
(Table 3). Comparisons were not performed between JIA-U
patients and those with non-anterior uveitis since it is uncommon
for children with JIA to have uveitis in other locations. There were
no differences in PedsQL scores between patients with other uve-
itis based on uveitis location (Supplementary Table 2, available on

Table 3. Comparison of patient-reported outcome measures in children with anterior uveitis and non-
anterior uveitis*

Outcome measure

JIA-U and
anterior other

uveitis
Non-anterior
other uveitis

P(n = 160) (n = 45)

EYE-Q parent total 81.8 ± 1.2 76.7 ± 2.2 0.027†
Vision-related function 85.2 ± 1.4 79.6 ± 2.5 0.037†
Vision-related QoL 71.3 ± 2.0 66.7 ± 3.5 0.128

EYE-Q child total 81.9 ± 1.5 81.8 ± 2.4 0.956
Vision-related function 84.4 ± 1.5 84.9 ± 2.5 0.887
Vision-related QoL 74.0 ± 2.4 72.8 ± 3.9 0.877

RCADS parent total 43.2 ± 1.5 40.6 ± 2.6 0.375
RCADS child total 32.0 ± 1.7 37.7 ± 2.9 0.079
PedsQL parent total 81.2 ± 1.9 87.7 ± 3.3 0.105
Physical 82.7 ± 2.3 95.7 ± 4.1 0.005†
Psychosocial 80.4 ± 1.9 83.5 ± 3.3 0.502

PedsQL child total 80.7 ± 1.8 87.1 ± 3.3 0.085
Physical 84.4 ± 2.1 96.7 ± 3.7 0.004†
Psychosocial 78.7 ± 1.9 82.1 ± 3.6 0.374

C-HAQ parent total 0.21 ± 0.05 0.05 ± 0.08 0.125
C-HAQ child total 0.27 ± 0.06 0.02 ± 0.10 0.024†

* Values are the mean ± SD except where indicated otherwise. All models controlled for study site, sex,
race, and age. JIA-U = juvenile idiopathic arthritis–associated uveitis (see Table 2 for other definitions).
† P < 0.05.

Table 4. Comparison of patient-reported outcome measures in children with anterior uveitis by presence of JIA*

Outcome measure

JIA-U,
anterior

Anterior,
other uveitis

P(n = 112) (n = 48)

EYE-Q parent total 82.1 ± 1.4 80.6 ± 2.2 0.516
Vision-related function 86.0 ± 1.5 82.4 ± 2.4 0.159
Vision-related QoL 70.4 ± 2.2 74.3 ± 3.4 0.274

EYE-Q child total 82.0 ± 1.6 81.7 ± 2.6 0.892
Vision-related function 84.2 ± 1.7 85.0 ± 2.6 0.765
Vision-related QoL 74.7 ± 2.6 71.4 ± 4.1 0.442

RCADS parent total 43.0 ± 1.8 43.5 ± 2.3 0.857
RCADS child total 32.9 ± 2.0 30.4 ± 2.5 0.408
PedsQL parent total 79.7 ± 2.0 86.8 ± 3.2 0.040†
Physical 80.3 ± 2.5 91.0 ± 4.0 0.013†
Psychosocial 79.2 ± 2.0 84.7 ± 3.3 0.118

PedsQL child total 79.6 ± 1.9 84.5 ± 3.2 0.152
Physical 82.3 ± 2.2 92.6 ± 3.7 0.008†
Psychosocial 78.2 ± 2.1 80.3 ± 3.5 0.584

C-HAQ parent total 0.26 ± 0.05 0.05 ± 0.08 0.017†
C-HAQ child total 0.32 ± 0.06 0.09 ± 0.11 0.046†

* Values are the mean ± SD except where otherwise indicated. All models controlled for study site, sex, race, and
age. JIA-U = juvenile idiopathic arthritis–associated uveitis (see Table 2 for other definitions).
† P < 0.05.

McDONALD ET AL1316



the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24551). Notably, there were no significant
differences seen in the psychosocial summary scores of the
PedsQL for any of the group comparisons.

Physical functioning (C-HAQ). In patients with arthritis,
C-HAQ scores by parent and child report did not differ between
JIA-U versus JIA only patients, suggesting similar difficulty with
activities of daily living, as was also seen with the PedsQL physical
summary scores (Table 2). Patients with other uveitis with anterior
disease (no arthritis) had better physical functioning compared to
those with JIA-U by both parent report (mean ± SD 0.05 ± 0.08
versus 0.26 ± 0.05; P = 0.017) and child report (mean ± SD
0.09 ± 0.11 versus 0.32 ± 0.06; P = 0.046) (Table 4). There were
no differences among uveitis only patients with anterior disease
compared to those patients with uveitis in all other locations
(Supplementary Table 2).

Therapy regimen and VRQoL at time of study visit. Topical
medications. Among all uveitis patients, 109 (50.2%) were using
topical glucocorticoids, 35 (16.1%) were using intraocular pres-
sure (IOP)-lowering drops, and 10 (4.6%) were using dilating
drops (Table 1). When comparing JIA-U to other uveitis patients,
other uveitis patients were more likely to be using glucocorticoid
drops at the time of the visit (61.3% versus 41.9%; P = 0.027).

There were no differences with frequency of use of dilating drops
or IOP-lowering drops.

Systemic medications. Methotrexate was the most common
systemic medication used. Of the 220 (40.1%) total patients tak-
ing methotrexate, 119 (54%) were receiving subcutaneous injec-
tions. Biologics were the next most common class of medication:
adalimumab 56 (10.2%), infliximab 35 (6.3%), etanercept 35 (6.3%),
tocilizumab 20 (3.6%), and abatacept 10 (1.8%).

The impact of treatment on VRF and VRQoL in uveitis
patients (those with JIA-U and other uveitis) was evaluated by
examining EYE-Q scores based on treatment regimen. Uveitis
patients were split into groups, including patients receiving no
treatment (n = 65), topical treatment only (n = 39), systemic treat-
ment only (n = 47), and both topical and systemic treatment
(n = 65) (Table 6).

There were differences in EYE-Q scores when comparing no
treatment versus combined treatment. EYE-Q parent total scores
(mean ± SD 76.2 ± 2.1 versus 85.5 ± 2.7; P = 0.015) and child
total scores (mean ± SD 77.1 ± 2.1 versus 85.6 ± 2.4;
P = 0.013) were worse when taking combined treatment versus
no treatment. Children and parents in the combined treatment
group reported lower VRF subscores compared to the no treat-
ment group. In addition, children in the combined treatment

Table 5. Vision-specific outcome measures by visual acuity in children with uveitis*

Group 1,
20/20–20/30

Group 2,
20/40–20/60

Group 3,
≥70

P,
group comparison†

EYE-Q parent
Total 90.7 (1.9) 77.1 (3.0) 65.2 (3.2) <0.001 <0.001 0.011
VRF 94.8 (2.4) 81.7 (3.4) 66.3 (3.7) <0.001 <0.001 0.004
VRQoL 80.3 (2.7) 64.1 (4.3) 58.8 (4.6) <0.001 <0.001 1

EYE-Q child
Total 89.4 (2.2.) 78.9 (3.3) 75.6 (3.7) 0.008 0.004 1
VRF 92.4 (2.2) 81.2 (3.3) 77.1 (3.7) 0.005 0.002 1
VRQoL‡ 80.8 (3.7) 70.6 (5.5) 68.6 (6.4) 0.245 0.291 1

* Values are the least mean square (SE), except where otherwise indicated. All models controlled
for site, race, age, and sex. EYE-Q = Effects of Youngsters’ Eyesight on Quality of Life; scores range
0–100, lower scores indicate worse visual function (VRF) and vision-related quality of life (VRQoL).
† Bonferroni adjusted for multiple comparison.
‡ Nonsignficant findings due to the large SE for both groups 2 and 3.

Table 6. Vision-specific outcome measures by treatment regimen in children with uveitis*

Measure

A: no topical
or systemic
Rx (n = 48)

B: topical
Rx (n = 44)

C: systemic
Rx (n = 51)

D: topical and
systemic Rx
(n = 73)

P,
A vs. B

P,
A vs. C

P,
A vs. D

EYE-Q parent
Total 85.5 (2.7) 82.8 (2.8) 84.8 (2.4) 76.2 (2.1) 1 1 0.015†
VRF 89.3 (3.2) 84.8 (3.2) 88.9 (2.8) 79.3 (2.5) 1 1 0.034†
VRQoL 73.0 (3.3) 76.1 (3.4) 72.6 (2.9) 65.0 (2.6) 1 1 0.197

EYE-Q child
Total 85.6 (2.4) 84.3 (2.6) 83.8 (2.3) 77.1 (2.1) 1 1 0.013†
VRF 88.5 (2.6) 86.6 (2.9) 85.6 (2.5) 80.3 (2.3) 1 1 0.040†
VRQoL 77.3 (3.6) 76.6 (3.9) 78.8 (3.4) 66.0 (3.1) 1 1 0.037†

* Values are the least mean square (SE), except where otherwise indicated. EYE-Q = Effects of Youngsters’ Eyesight
on Quality of Life, scores range 0–100, lower scores indicate worse visual function (VRF) and vision-related quality of
life (VRQoL).
† P < 0.05.
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group reported lower VRQoL scores compared to the no treat-
ment group. There were no differences observed in EYE-Q total
or subscores by parent or child report when comparing no treat-
ment versus topical treatment, no treatment versus systemic
treatment, and topical treatment versus systemic treatment
(Table 6).

DISCUSSION

We provide a comprehensive assessment of QoL and func-
tioning in a large multicenter cohort of children with JIA and nonin-
fectious uveitis that includes a patient-reported outcome measure
focused on children with uveitis. Our results suggest that uveitis
has a significant impact on VRQoL and VRF, and that vision-
specific instruments are important in the assessment of patient
outcomes.

Overall, the demographic and disease characteristics of our
cohort were consistent with previous reports (25–28). Patients
with JIA-U were predominantly female, White, and presented with
bilateral, anterior disease. They were diagnosed with JIA earlier
than those with JIA alone, which supports that young age at diag-
nosis is associated with a higher risk for uveitis development
(29,30). Similarly, our cohort of patients with uveitis only were
older at diagnosis compared to those with JIA-U (31,32).

Children with uveitis can have significant burden of ocular
disease. In our cohort, 48 of 120 children had active anterior dis-
ease within 60 days of their study visit. Of the total cohort, 78%
needed topical and/or systemic medication at the time of their
study visit. Further, 37% experienced one or more ocular compli-
cations, and over 40% had visual impairment during their disease
course. In general, children with non-anterior uveitis tend to have
worse visual outcomes (33,34). In our cohort there were higher
rates of visual impairment, ocular complications, and topical glu-
cocorticoid use in patients with other uveitis compared to JIA-U.
This may be secondary to delayed uveitis diagnosis given the lack
of regular ophthalmic screening that would come with a diagnosis
of JIA or more likely the extent of ocular involvement often seen in
non-anterior disease uveitis. Additionally, patients with other uve-
itis may not be receiving the benefit of early initiation of systemic
therapy that comes with a diagnosis of JIA and would have
increased ocular complications secondary to longer courses of
topical therapy. These burdens highlight the importance
of patient-reported outcome measures to determine the effect
uveitis-related disease complications and management regimens
have on these children.

The use of the EYE-Q was able to distinguish patients by
uveitis diagnosis, illustrated by significant differences in total,
VRF, and VRQoL scores between those patients with JIA only
compared to those with JIA-U. The EYE-Q was also able to dem-
onstrate differences between those patients based on laterality
and degree of vision impairment, similar to our earlier studies. In
contrast, the PedsQL and C-HAQ did not distinguish patients by

the presence of eye disease. These questionnaires, however,
did differentiate patients by arthritis diagnosis. Patients with arthri-
tis (JIA and JIA-U groups) had worse PedsQL scores compared
to patients without arthritis (other uveitis group). This was specifi-
cally seen in the physical summary scores of the PedsQL, likely
secondary to underlying arthritis. Additionally, patients with arthri-
tis had C-HAQ scores suggestive of mild to moderate physical
disability (35). Interestingly, patients with other uveitis had
PedsQL scores that are comparable to healthy controls, which
suggests that they may have similar overall QoL to healthy chil-
dren or that the PedsQL is not detecting vision-specific effects
from uveitis (22). As expected, C-HAQ scores were similar to
patients with no physical disability since these patients did not
have underlying arthritis. Thus, a vision-specific instrument such
as the EYE-Q likely assesses vision-specific impairments from
uveitis not assessed by PedsQL.

Notably, 2 previous studies using the EYE-Q to assess
VRQoL and VRF in children with JIA-U were not able to distin-
guish patients based on underlying uveitis diagnosis, but those
with worse BCVA had worse EYE-Q scores (7,8). The authors
noted, however, that small sample sizes were a major limitation.
Likewise, older versions of the EYE-Q were administered in these
studies (34). The EYE-Q has undergone substantial modifications
based on additional validation studies (19–21).

Topical and systemic immunosuppressant medications are
often required for the management of uveitis. Patients receiving
combined topical and systemic therapy had worse EYE-Q scores
compared to patients receiving no treatment. This difference was
seen in all domains for both parent and patient reports except for
VRQoL scores in children. The EYE-Q VRQoL scores were used
to identify burdens associated with differing therapy regimens,
since these questions on the EYE-Q related specifically to medi-
cation use. This suggests there may be differences in how the
child is experiencing the burden of medication use compared to
the parent. The burden of medication regimen in pediatric uveitis
warrants further study as this can affect medication adherence
and patient outcomes.

This study is one of the first to report on anxiety and depres-
sion among patients with pediatric uveitis. Our cohort of patients
did not report clinically significant anxiety or depression based
on the RCADS, in contrast to adult studies, which have shown
higher rates of depression and anxiety in patients with uveitis
diagnoses (15,16).

Regarding patient–child concordance, previously published
data show discordance between parent and child reports in chil-
dren with visual impairment completing VRF and VRQOL mea-
sures (36). In our cohort there was fair concordance between
parent and child reports for the EYE-Q. The only area where there
was discordance was related to visual functioning, wherein VRF
scores between child and parent reports differed. Children with
uveitis did not report significant VRF differences compared
to those without uveitis, although their parent reports did.
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This discrepancy may indicate that a child’s perception of their
own visual function may differ from their parent’s perspective
and stresses the importance of including both reports.

Our study has several limitations. Previous studies have
shown that the EYE-Q correlates with visual function tests such
as BCVA and contrast sensitivity, thus can distinguish children
based on vision impairment and laterality of eye involvement
(19,20). We were able to analyze the EYE-Q based on VA in our
cohort with the VA data we had available; however VA was not
entered for over 15% of the patients in the study. In addition, the
questionnaires were not administered on the day of the eye exam-
ination in all patients since the visit was performed during the
rheumatology visit. Only patients with uveitis were enrolled at
CMH and UCLA due to the enrollment requirement of a uveitis
diagnosis. There are likely treatment or physician practice differ-
ences among all sites. The differences observed in VRF and
VRQoL outcomes based on treatment regimen may be con-
founded by medication indication relating to disease severity and
not related to the medication use itself.

In conclusion, we described a large cohort of pediatric uveitis
patients and provided a comprehensive outcome assessment,
including traditional outcome measures in uveitis such as VA, dis-
ease activity, and ocular complications. The results were bol-
stered by the inclusion of patient-reported outcome instruments
measuring general HRQoL, VRF, VRQoL, physical disability, and
mental health. We demonstrated the importance of implementing
a vision- and uveitis-specific measure, which was able to not only
distinguish those patients with uveitis but also differentiate those
with bilateral disease and vision impairment. The use of patient-
reported outcome measures allows us to more accurately
describe the effect that uveitis had on the everyday life of a child
experiencing this disease. Larger and more diverse cohorts are
needed to study the impact of visual impairment and ocular com-
plications on QoL and functioning.
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B R I E F R E P O R T

Trends in Permanent Work Disability Associated With
Rheumatoid Arthritis in the United States, 1999–2015

Michael M. Ward

Objective. Advances in treatment over the past 20 years have resulted in improved control of rheumatoid arthritis
(RA). The objective of our study was to investigate whether there has been a decrease in permanent work disability
associated with RA in the US.

Methods. Medicare data from 1999 to 2015 were used to identify beneficiaries age 20–59 years with RA who
became eligible for Medicare coverage under Social Security Disability Insurance. Diagnosis of RA was based on
physician claims in the first year of enrollment. Annual rates of enrollment were sex- and age-standardized to the
2000 US population.

Results. The study included 97,787 beneficiaries with RA and Social Security Disability Insurance across all years.
Medicare enrollment was 26.0 per million in 1999 and 26.0 per million in 2015. Rates increased following the Great
Recession of 2008–2009 before returning to prerecession levels. There was no linear trend over time after adjusting
for the annual national unemployment rate (relative risk 0.99 per year [95% confidence interval 0.99–1.00]; P = 0.69).
Risks of work disability were much higher among workers over age 50 years.

Conclusion. Based on Medicare enrollment by recipients of Social Security Disability Insurance, there was no
decrease in permanent work disability among young and middle-age workers with RA in the US between 1999
and 2015.

INTRODUCTION

The treatment of rheumatoid arthritis (RA) has changed dra-
matically over the past 20 years, with the emphasis on early and
consistent use of disease-modifying medications and the intro-
duction of biologics. With better treatments, the health outcomes
of patients with RA have improved over time, with many studies
reporting decreases in disease activity, less functional difficulty, less
joint damage, and reduced need for joint surgery (1,2). Clinical
remission is now an achievable goal.

Although joint inflammation and damage have decreased,
whether other long-term outcomes such as permanent work dis-
ability have improved is not clear. In studies of patients observed
in the late 1980s and 1990s, 30–50% of employed patients de-
veloped permanent work disability after 10 years of RA (3,4).
Many studies suggest that tumor necrosis factor inhibitors are
efficacious in preventing short-term work loss, which holds the
prospect of lower incidences of permanent work loss (5,6).
However, permanent work disability in RA depends not only on

the severity of joint symptoms and impairments, but also on the
type of work, workplace accommodations, psychological response
to illness, and social and financial supports (4). Risks of permanent
work loss are higher among older persons with RA and those with
less formal education and physically demanding jobs (4).

Population-based studies from Sweden and Finland have
reported decreases of >50% in rates of permanent work disability
among persons with RA between 1990 and 2010 (7,8). In
Norway, rates of permanent disability pensioning for RA were sta-
ble between 1968 and 1997, but lagged rising incidences in
the general population between 1983 and 1997 (9). Similar
national studies have not been reported in the US. Social Security
Disability Insurance (SSDI) provides permanent benefits to eligible
American workers who are certified as having a medical condition
that makes them unable to work for at least 1 year and that is
unlikely to improve. SSDI recipients are eligible for Medicare insur-
ance after 2 years. The aim of this study was to examine rates of
Medicare enrollment from 1999 to 2015 among SSDI recipients
ages 20–59 years with RA.
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MATERIALS AND METHODS

The data source was 100% fee-for-service Medicare inpa-
tient and outpatient administrative claims files from 1999 to
2015. In each year, I identified newly enrolled beneficiaries ages
20–59 years who entered Medicare via SSDI eligibility. I excluded
those who entered because of end-stage renal disease. Among
these beneficiaries, I identified those with RA, based on the pres-
ence of at least 2 claims on separate dates in the first year of
Medicare enrollment, who had a principal diagnosis of RA based
on International Classification of Diseases, Ninth Revision, code
714 (10). This criterion was based on the consideration that med-
ical care would be sought specifically for the condition that permit-
ted Medicare eligibility. The study protocol was approved by
the National Institute of Diabetes and Digestive and Kidney
Diseases Institutional Review Board, which waived the require-
ment for informed consent.

I examined rates by year of enrollment relative to the US pop-
ulation, based on census data. Rates were sex- and age-
standardized (in 5-year age groups) to the US population in
2000. Applications for SSDI benefits and SSDI enrollment
increase during economic downturns and job loss (11). National
unemployment rates varied between 4.0% and 6.0% from 1999
to 2008, and increased to 9.3% and 9.6% in 2009 and 2010,
respectively, before decreasing gradually to 5.3% in 2015 (12).
To account for changes associated with the 2008–2009 Great
Recession, I used Poisson regression models to determine
whether there was a linear trend in SSDI enrollment, while adjust-
ing for changes in the national unemployment rate over these
years. The independent variables in the model were calendar
year, the 2-year lagged national unemployment rate (to account
for the time between SSDI claim and Medicare enrollment), sex,
and indicator variables for each 5-year age group. This analysis
provided the relative risk (RR) of the average yearly change in rate
of SSDI enrollment, while partitioning out the contribution of the

unemployment rate and variations in the sex and age composition
of the sample over time. In sensitivity analyses, I examined benefi-
ciaries who had 3 or more claims with RA as the principal diagno-
sis in the first year in Medicare, and those ages 20–39 years on
enrollment in Medicare, who may have had greater potential to
benefit from recent treatment advances.

RESULTS

Across all years, 97,787 beneficiaries (75.5% women; mean
± SD age 50.1 ± 8.3 years) enrolled in Medicare under SSDI with
RA claims in their first year. In all, 69% had their first visit for RA
within 90 days of Medicare enrollment. The rate of Medicare
enrollment under SSDI was 26.0 per million in 1999 (Table 1 and
Figure 1). Rates were comparable or higher in each subsequent
year, and peaked at 40.0 per million in 2011, 2 years after the
Great Recession.

There was no linear trend in Medicare enrollment among
beneficiaries with RA over time (RR 0.99 per year [95% confi-
dence interval (95% CI) 0.99–1.00]; P = 0.69) after adjustment
for the rise in unemployment rates in 2009–2012. Risks increased
progressively with age. Compared to those ages 20–24 years,
the RR for enrollment among those ages 25–29 years was 1.75
(95% CI 1.63–1.88), while the RR among those ages 50–54 years
was 20.85 (95% CI 19.68–21.98) and for those ages 55–59 years
was 31.50 (95% CI 29.66–33.11). Risks were lower among men
compared to women (RR 0.33 [95% CI 0.33–0.34]).

The subgroup with 3 claims for RA in the first year included
75,930 beneficiaries (76.0% women; mean ± SD age 50.2
± 8.3 years), while the subgroup ages 20–39 years included
12,564 beneficiaries (79.2% women; mean ± SD age 33.2
± 5.2 years). While the absolute rates were lower in both

Table 1. Rates of Medicare enrollment via Social Security Disability
Insurance by beneficiaries with rheumatoid arthritis*

Year Number Rates

1999 4,057 26.0 (25.2–26.9)
2000 4,181 26.8 (26.0–27.7)
2001 4,685 29.3 (28.4–30.2)
2002 5,291 32.1 (31.2–33.0)
2003 5,757 34.2 (33.4–35.2)
2004 5,781 33.5 (32.7–34.5)
2005 5,721 32.3 (31.4–33.2)
2006 5,741 31.7 (30.8–32.5)
2007 5,361 29.4 (28.6–30.2)
2008 5,380 29.3 (28.5–30.1)
2009 6,027 32.5 (31.7–33.4)
2010 6,574 35.2 (34.3–36.1)
2011 7,530 40.0 (39.1–41.0)
2012 7,319 38.3 (37.4–39.3)
2013 7,013 36.5 (35.6–37.4)
2014 6,257 32.4 (31.5–33.2)
2015 5,112 26.0 (25.3–26.8)

*Rates are the age- and sex-standardized rate, per million popula-
tion (95% confidence interval).

SIGNIFICANCE & INNOVATIONS
• This is the first population-based study of rates of

permanent work disability associated with rheuma-
toid arthritis in the US.

• Rates of Medicare enrollment under Social Security
Disability Insurance by persons with rheumatoid
arthritis were the same in 1999 and 2015, after
peaking in 2011 following the Great Recession.

• This is the first study to demonstrate the impact of
national economic downturns on work disability in
rheumatoid arthritis.

• The absence of a decrease in rates of permanent
work disability among US workers with rheumatoid
arthritis may indicate inadequate access to treat-
ment among those at highest risk for work
disability.
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subgroups, the incidences in these subgroups paralleled the inci-
dence in the overall group, with no decrease over time (Figure 1).
These results indicate that the use of a more stringent require-
ment for inclusion did not affect the conclusion, and that the
results of the large proportion of middle-aged beneficiaries were
not obscuring a decrease in SSDI enrollment over time among
young adults.

DISCUSSION

These results do not indicate a decrease in rates of perma-
nent work disability among American workers with RA between
1999 and 2015. Apart from temporary increases in Medicare
enrollment under SSDI as a consequence of labor market
changes following the Great Recession, rates of enrollment were
stable over this period.

Older workers were most susceptible to work disability, as
also shown in many prior studies (4). Compared to younger
workers, this group likely included a higher proportion of workers
with more longstanding RA, whose joint damage may have been
less amenable to improvement (13). However, rates were also
stable among those ages 20–39 years, who might have been
expected to gain more benefit from recent treatment advances.

These findings raise questions about access to newer treat-
ments, particularly by low-income nonprofessional workers who
are most at risk for work disability related to RA (4). We did not
have data on medication use and could not examine this question
directly. However, lower income and less formal education have
been consistently associated with less access to disease-
modifying medications, including biologics, in patients with RA in
the US (14,15). The absence of a national decrease in work dis-
ability over time may therefore reflect lack of access to treatment
advances by workers of lower socioeconomic status, who are at
highest risk of work disability. Access to new treatments by highly

educated workers may not have had an impact on national rates
of work disability because their baseline risk of health-related job
loss was comparative low. Despite improvements in physical
health over time among workers with RA, social or psychological
influences possibly continued to foster work disability. Differences
between these results and those from Nordic countries may
relate to differences in the organization and financing of health
care (7,8).

An individual’s decision to pursue a work disability claim
includes considerations of the severity of illness, coping resources
and skills, prospects for future improvement in health, job require-
ments and accommodations, opportunities for retraining, age and
the time horizon, social supports (including economic support
from family), and personal wealth (3,4). Our results also highlight
the association of disability claims with the national economy
and demonstrate the major role that macrolevel factors have on
what has often been considered a personal decision. In the US,
SSDI claims increased by >100,000 per quarter following the
Great Recession, and tracked more closely with changes in the
national unemployment rate than the gross domestic product
(11). These data show a similar peak among persons with RA in
2011–2012, which aligns with the lag between enrollment in SSDI
and eligibility for Medicare. The smaller peak in 2003–2004 may
be a consequence of the 2001 recession (11). If similar associa-
tions hold for the current economic downturn and unemployment
due to the COVID-19 pandemic, we might expect sharp
increases in disability claims for RA in the near future. This effect
may be particularly pronounced given the disproportionate eco-
nomic impact of the pandemic on female service workers.

The study is limited in that data after 2015 were not available.
However, there was no suggestion of a decrease in work disability
through 2015, many years after the introduction of new treat-
ments. RA might have developed between enrollment in SSDI
and enrollment in Medicare in some individuals, but this event
was likely rare. The analysis also assumed that the prevalence of
RA has been stable over these years. As in any study of adminis-
trative claims, there may be inaccuracies in coding, but differential
inaccuracies over time that would be large enough to alter the
trends are unlikely. The validity of coding is supported by the
detection of the peak in rates following the Great Recession, as
also found in all-cause disability claims (11).

These findings suggest that recent treatment advances have
not yet had a major impact on permanent work disability associ-
ated with RA at the population level in the US. Future research
should investigate the association between access to treatment
and rates of work disability across the population.
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Decision Needs and Preferred Strategies for Shared
Decision-Making in Rheumatoid Arthritis: Perspectives of
Canadian Urban Indigenous Women

Valerie Umaefulam, Terri-Lynn Fox, and Cheryl Barnabe

Objective. Decision-making for treatment of rheumatoid arthritis (RA) is complex, with multiple beneficial medica-
tion options available, but with the potential for treatment-related adverse effects and significant economic consider-
ations. Indigenous patients make treatment decisions informed by an interplay of clinical, family, and societal factors.
Shared decision-making may represent an approach to support treatment decisions in a culturally congruent manner.
Our objective was to identify aspects of arthritis care that Indigenous participants found relevant for shared decision-
making and to explore preferences for shared decision-making strategies.

Methods. A purposive sampling from rheumatology clinics that provide services to Indigenous patients in a Cana-
dian urban center was used to recruit participants for interviews. Seven participants were recruited to reach content
saturation. Interview content was coded by 2 individuals, including an Indigenous patient with RA, and the data were
analyzed via thematic analysis.

Results. Participants were all women ages 37–61 years living with RA. Participants supported the idea that shared
decision-making would be beneficial, primarily to support decisions around treatment plans and medication changes.
Shared decision-making approaches would need to reflect Indigenous-specific content areas, such as benefits and
risks of therapy informed by data from Indigenous patient populations and inclusion of traditional modes of healing.
All participants were interested in having a decision coach and preferred that decision aids be in both paper and elec-
tronic formats for accessibility.

Conclusion. This study advances knowledge in the priority areas and specific content needed in the shared
decision-making process and the preferences of shared decision-making strategies relevant and appropriate for urban
Indigenous women living with RA in Canada.

INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease that

causes inflammation and damage to joint tissues. Indigenous

patients in Canada, including First Nations, Métis, and Inuit Peo-

ples, experience a significant burden of RA, both in increased

prevalence and in differential treatment outcomes relative to the

general population (1). Colonization events and ongoing structural

and interpersonal racism have created mistrust of the health care

system, impacting access to care, and influencing decision-

making approaches for treatment. In a prior study, we explored

with Indigenous patients how they make treatment decisions.

Their approach includes the use of nonpharmacologic

methods, with pharmacologic decisions representing an inter-
play of clinical, family, and societal factors, including ease of

access to medication options and fear of drug-dependency

stigmatization (2). In other population groups facing arthritis

inequities, shared decision-making is increasingly advocated
as a mechanism to improve patient satisfaction and decision

quality (3). Additionally, shared decision-making is highly valu-

able to employ when there are various medically reasonable

options available, such as in current-day arthritis treatment
(4,5). Shared decision-making, as used in this study, involves

the health provider ensuring that patients are aware of available
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treatment options, providing detailed information about

choices, discussing the patient’s preferences, and making

treatment decisions with patients (4).
Cultural belief systems influence perception of engage-

ment in health care (6) and may result in varying interests in
shared decision-making. Although several approaches are
available to support shared decision-making in arthritis, there
is limited exploration of the role of shared decision-making in
arthritis care in the context of Indigenous peoples’ health care.
Further, few shared decision-making strategies have been spe-
cifically developed with and for Indigenous peoples (7,8). Thus,
this study sought to identify whether Indigenous patients living
in an urban center had an interest in participating in shared
decision-making for RA care and which aspects of that care
were relevant for shared decision-making, and we sought to

explore preferences for shared decision-making strategies that
could be employed.

PATIENTS AND METHODS

This study used a qualitative descriptive approach grounded
in phenomenology to explore the perceptions of urban Indige-
nous participants on shared decision-making for arthritis care.
To ensure that participants who had experienced the phenome-
non of interest were included in the study (9), Indigenous patients
with RA were recruited via a purposive sampling process from
urban rheumatology clinics that provide services to Indigenous
patients in Calgary, Alberta, Canada. Recruitment was facilitated
via written formats such as posters and bookmarks. A physician,
nurse, or medical assistant informed the patient of the study,
and if the patient was interested in participating, introduced them
to a research team member.

The Ottawa Decision Support Framework informed this study,
which shows the interplay between addressing decision needs and
providing the necessary support via the appropriate strategy (10).
The framework constructs, including knowledge, values, clinical
counseling, decision tools, and coaching (10) were integrated in
the data collection instrument. Data were collected via semistruc-
tured interviews using an interview guide (Table 1). The interview
guide was developed to explore patients’ perceptions about the
potential role of shared decision-making in arthritis care, priorities
for application of shared decision-making, and preferences for
shared decision-making strategies. The authors are all female
Indigenous health researchers, VU possesses experience in quali-
tative approaches, TLF identifies as a First Nations personwith lived
experience of RA, and CB is a Métis rheumatologist. Participants

Table 1. Outline of interview guide

Scope Questions

Personal narrative Please tell me briefly about your experience living with inflammatory arthritis.
What does shared decision-making mean to you? Prompts: physicians, influence of others.
Have you experienced shared decision-making in health care? If yes, can you describe
when and how this happened? Prompts: past experiences, importance of certain outcomes.

Shared decision-making priorities What decisions in arthritis treatment do you feel you need assistance with, or health
care providers should spend time discussing with you?

Can you give some examples of decisions that you would like to be involved in when
managing arthritis? Prompts: treatment plan, choice of medication, general
information.

What types of decision support do you need? Prompts: clarify decisions, provide facts,
monitor progress?

Shared decision-making approach There are various approaches that can be used in shared decision-making, such as
using decision tools that can be completed online or by paper, or having a decision
coach work with you in making decisions.

Which approach would you prefer? Probes: Why would you prefer this approach?
Would you like having a decision coach? Who would you like to be your coach?
Prompts: friend, nurse, physician?

If the shared decision-making strategy is developed, would you use the tool/strategy?
When would you like to use this shared decision-making approach? Probes: Before or
during arthritis treatment.

SIGNIFICANCE & INNOVATIONS
• The study advances understanding of shared

decision-making with urban Indigenous women liv-
ing with rheumatoid arthritis in Canada.

• Shared decision-making approaches would need to
reflect Indigenous-specific content areas, such as
benefits and risks of therapy informed by data from
Indigenous patient populations, inclusion of tradi-
tional modes of healing in available options, and
medication cost coverage details.

• Urban Indigenous women with rheumatoid arthritis
were interested in a shared decision-making strat-
egy that involves having a decision coach and pre-
ferred that decision aids be in both paper and
electronic formats for accessibility.
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received an information brief containing a description of shared
decision-making and a summary of the purpose of the study before
the interview to allow for review and reflection. VU explained the
reasons for the research and conducted the interviews. Each inter-
view was approximately 45minutes in duration and all were held in-
person at medical clinics in Calgary. Nonparticipants were not pres-
ent. Audio recordings were transcribed, and the transcripts were
reviewed and coded by 2 individuals (VU and TF). The data were
analyzed via inductive thematic analysis using NVivo software,
based on thematic analysis phases, i.e., data immersion, initial cod-
ing, theme/category creation, and reviewing and refining themes
(11). The data were organized into groups of meaning that repre-
sented the lived experiences of participants (9).

RESULTS

Seven participants were recruited from 3 rheumatology clinics
to reach content saturation. They were all urban Indigenous women
ages 37–61 years, living with RA. In summary and as described fur-
ther in detail, shared decision-making was found to be acceptable
for arthritis care by urban Indigenous women. Suggested priorities
of support would be for treatment decisions informed by Indige-
nous population data, with inclusion of traditional and cultural treat-
ment options in care plans, and reflecting available medication cost
coverage options. Preferred shared decision-making strategies
were those that included decision coaching and decision aid tools
in both print and electronic formats. Figure 1 outlines the shared
decision-making priorities and preferred approaches.

Role of shared decision-making for RA care. Although
2 participants indicated that they had not experienced shared
decision-making before in health care, most participants noted
that shared decision-making was not a new concept to their gen-
eral health management. For instance, a participant indicated in
regards to her family physician, “She asks me questions…like,
‘What do you think…is the best decision?’ and ‘We can do this
or we can do that,’ and she asks me, if I want to do this or that”
(patient 1). Another participant said, “My regular family doctor,
he was very more understanding, and he showed me…and he
sat down with me and we talked about my medications” (patient
7). Some participants detailed how not being involved in health
decisions impacted their lives. In the words of a participant, “I
trusted and blindly accepted the treatments that other doctors
had given me prior to this, and then I started getting to a point
where I felt like they weren’t telling me what some of the drugs
were. They’d just say, ‘Here, take this,’ and then I’d walk off and
have side effects” (patient 3). A participant commented that the
communication disconnect with physicians does not enhance or
support shared decision-making and stated, “[The doctor]
doesn’t seem to have any time. I mean, he allows you maybe
15 minutes, and then he’s on to the next patient. I’d like to at least

know what’s going on. Don’t rush me out of the room. I’d like to
know what I can do, what I can take” (patient 5).

Conversely, some participants indicated having some exposure
to shared decision-making in their rheumatology specialty care expe-
riences. For example, one participant said, “My doctor, she does the
best she can to share with me about the different meds I’mon, some
of the side effects, and she supports my decisions, and she provides
her expertise in her area. That this could work, but this one seems to
be working well, so she always leaves it up to me…I’m also active in
that decision, and that’s what I appreciate” (patient 2).

When reflecting on whether shared decision-making would
have a role in arthritis care, participants voiced valuing active
engagement in their care and were open to tools and opportunities
to facilitate informed arthritis care decisions with their physicians.
The underlying trust, respect, and relationship between the physi-
cian and patient would impact shared decision-making, and more
importantly, empowerment, self-determination, and self-efficacy.
A participant said, “We’re a person, and you’re a part of our health
care team, and so treating someone with respect goes a long way.
We feel good, and that helps. That helps in anyone’s well-being…
and the health care professionals with their gentle guidance and
their respect and sharing what they do, I felt empowered” (patient
2). Overall, all participants disclosed that if a shared decision-
making strategy was available for arthritis care, they would use it.

Shared decision-making priorities in RA care. Given
that interest in shared decision-making was supported by the
participants, they were then asked what priority areas would be
for its application. Two areas emerged: the identification of spe-
cific content needed in the shared decision-making process and
the type of decision support desired.

Decision support priorities. Participants indicated that
shared decision-making would help to support decisions around
RA treatment plans and medication changes. To illustrate, a par-
ticipant was interested in knowing, “if I can come off biologics
and just try methotrexate. Like, how long can I be on it [biologics]
before it is like, harming me, or if I stay on it for the rest of my life, is
it going to…damage me more?” (patient 1). Further, another par-
ticipant stated, “Well, the treatment plan, I think that they should
all discuss a survey that was done…why they feel that this treat-
ment plan would be good for you” (patient 3).

All participants expressed the need for extensive knowledge
of available treatments for arthritis and the side effects of drugs
prescribed. They were all concerned about the impact of the
drugs on the body, whether the drugs were hurting them, and
when is the best time to change medications. A participant noted,
“Someone to clarify what the medications do to the body and I
feel like everybody should have a right to know what they ingest
or they put in their body, especially through doctors and thera-
pists and stuff like that” (patient 3).
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Specific shared decision-making content areas for
Indigenous patients. Some participants said that shared
decision-making strategies should incorporate evidence from
Indigenous population or patient studies, particularly regarding
medications and their effects, which would assist in motivating
patients in adhering to treatment plans. One participant noted, “I
think there are specific data, statistics…not just general popula-
tion, but maybe specific Indigenous-population data…because
there’s so many of us that are affected in such a short span of
time” (patient 2). Another participant emphasized drawing shared
decision-making information from Indigenous communities, stat-
ing, “There’s just a lot of information here” (patient 5).

Another aspect of specific shared decision-making content
was to include options related to traditional modes of healing in
care plans. These modes of healing support not only physical
wellness, but also spiritual, emotional, and mental wellness. Two
participants mentioned the benefits of traditional practices such
as prayers and sweats on health care, and suggested including
traditional medicine practices and integrating Elders in care. A
participant stated, “There’s an Elder here. Perhaps it could be
beneficial to meet with him…that might have a holistic approach

to some kind of salve or herbs or something. You know, a lot of
that wisdom and knowledge is lost today, just not been docu-
mented, and I think it would be very beneficial, instead of using
all the pills or whatever the doctor wants to prescribe” (patient
5). First Nations participants with Treaty Status suggested that
decision tools provide information on which medication options
would be covered by the federal formulary (Non-Insured Health
Benefits) and which medications would not be, as this knowledge
would impact the ability to obtain medication offered in the
options.

Preferred shared decision-making strategies.
Participants discussed various types of shared decision-making
approaches that could be used for arthritis care. They were open
to using an electronic format of shared decision-making decision
aids due to its convenience and the ease of obtaining information.
As one person said, “I always Google stuff if I’m unsure. Yeah, so
I’m always on the computer” (patient 4). Nevertheless, patients
equally acknowledged the difficulties of accessing information
via devices such as computers and cell phones among individuals
with limited or no accessibility. Given this fact, most participants

Figure 1. Priorities and preferred strategies for shared decision-making. NIHB = Non-Insured Health Benefits; SDM = shared decision-making.
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preferred a shared decision-making decision aid that used a com-
bination of paper and electronic resources. One participant
stated, “So, online support. And I’m saying that just for me,
because I find myself…I’m privileged to be able to have a cell
phone, to be able to have Internet access at home. However,
there’s a majority of people on reserve that use landlines. They
may not have a cell phone. They may not have access to Internet.
So, paper resources” (patient 2). Another recognized the advan-
tage of paper resources: “You can lose papers and documents,
but sometimes, for some people, they keep onto that, so you
know you have something to go back to, a hard copy” (patient 6).

Moreover, participants suggested that the shared decision-
making strategy should incorporate Indigenous language transla-
tions, to be relevant specifically to older individuals who
maintained their own language. Another suggestion was that text
associated with shared decision-making decision aids should be
simplified for better comprehension and include appropriate
Indigenous symbols and images to demonstrate respect for
Indigenous culture. According to a participant, “Translating it as
best as we could, and utilizing, if it’s a visual, utilizing Indigenous
symbols so that it’s meaningful to patients…so that we know
you care about who we are as part of this culture, or this land
area, and you’re further respecting and responding to our cultural
needs as well” (patient 2).

There was general interest in a shared decision-making
approach that involved having a decision coach insofar as having
an individual who would provide one-on-one interactions, relate
with patients outside the regular clinic visits, respond to inquiries,
and have knowledge of the arthritis condition and treatment
options. As explained by one participant, “I would like to have
somebody, talk to me and explain to me, my options about my
medications. And like I said, to find out what’s good and what’s
bad…what it does to my body and all this” (patient 7). Another
participant stated, “I think that [decision coach] is a really good
idea. I think someone who knows the industry, who knows the
medication, who understands those who have been affected by
extreme excruciating pain” (patient 2). There was resounding
agreement for decision coaches to have sufficient time to discuss
treatment options, reflecting the fact that time with the physician is
often limited to enable extensive discussions. There were differing
suggestions on who a decision coach might be. Some suggested
nurses, as they work closely with physicians: “I feel like they [phy-
sicians] have a lot on their plate…I feel like nurses would have that
extra time to sit, well, in between patients, right? To talk, to have
the one-on-one” (patient 3).

One participant articulated the importance of the decision
coach having lived experience of arthritis and welcomed having
a family member as a decision coach. She trusted that a family
member would have her interest at heart and provide appropriate
guidance in making decisions and commented, “Even my grand-
mother… She said something to me 2 weeks ago the last time I’d
seen her, ‘Well, you have to do your exercises. There’re certain

exercises you have to do. I know, because I’m speaking from
experience. I don’t care what your doctor said. Listen to me.’
And of course, I’m going to listen to an 84-year-old woman. She
knows” (patient 6). Several participants noted the importance of
also having a decision coach who would support holistic
approaches for health.

One suggestion was to have an Elder work in collaboration
with the decision coach to facilitate shared decision-making; this
was expressed by one participant, “It would be new. And I would
say an Elder, but an Elder may not have…specific drug, pharmacy
knowledge, or how it works in your body, what the side effects
could do. So it could be a combination of a doctor or, you know,
someone who works closely with RA specialists, as well as an
Elder who would pray and maybe translate for other members,
but who would support that coach or that specialist to do it in a
holistic way” (patient 2).

As a check for decision alignment, participants noted the
importance of introducing the strategy before and after changing
a treatment plan: “Well, I feel like you especially should start the
regime…there could be that nurse that I could call and talk to,
saying that, you know, ‘This is where I’m at with it, and I want to
know, is this where I’m supposed to be?’” (patient 3).

DISCUSSION

Our study explored whether there is a potential role for
shared decision-making in arthritis care of Indigenous patients.
Racial, ethnic, and cultural minority groups are more vulnerable
to poor decision-making outcomes, with a majority reporting low
decision satisfaction and high decision regret (6). As a framework,
shared decision-making can be used to communicate with
patients about health care choices and has been shown to be
beneficial to patient engagement and treatment outcomes by
increasing adherence to treatment plans (12). Active involvement
in health care decisions promotes self-determination, especially
when such decisions involve personal preferences. Urban Indige-
nous women with RA indicated they wanted to be involved in
making decisions regarding their health and articulated the impor-
tance of health care providers working with them to ensure that
they have the information they need to make complex decisions
(13). This approach also supports reconciliation; the Truth and
Reconciliation Commission of Canada (TRCC) provided directives
to facilitate actions to be taken in Canadian society to promote
healing of and reconciliation with persons directly or indirectly
affected by the Indian Residential Schools system legacy (14).
We propose that for a shared decision-making approach with
Indigenous patients to be effective, clinicians must respond to
the TRCC Calls to Action in Health (15). These include recogniz-
ing, respecting, and addressing the distinct health needs of all
Indigenous peoples (Call to Action #20); ensuring that they gain
training in cultural awareness and safety (Call to Action #23);
understanding Indigenous health issues (Call to Action #24);
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promoting and supporting Indigenous health approaches (Call to
Action #22); and moving forward with reconciliatory practices in
all areas and close gaps in health outcomes (Call to Action #19).
Understanding Indigenous people from a historical-cultural per-
spective is needed, especially when striving toward health and
well-being. Respecting patient perspectives and forming trustful
relationships is an intentional and positive approach for shared
decision-making.

Indigenous participants said that shared decision-making
would be useful primarily to support decisions around treatment
plans and medication changes. Patients do not always know the
side effects of medications and require additional information,
clear communication, and better understanding of medications.
For instance, many patients suffer from medication side effects
(16), rather than the actual pain and immobility of RA. Enhancing
knowledge related to care may lead to medication choices better
aligned with patient values and preferences in arthritis treatment
(17). As patients develop a trusting relationship with their rheuma-
tologist and educate themselves on RA and its available treat-
ments, they gain confidence and pursue a mutual role via shared
decision-making in their treatment decisions (18).

Specific content and information pertaining to Indigenous
population realities were regarded as essential, particularly treat-
ment benefits and risks unique to them, which treatment options
have available medication cost coverage, and how cultural com-
ponents of health could be considered in the treatment options
presented. As health systems are increasingly burdened during
this unprecedented time, we are reminded of the necessity of
holistic health approaches, especially Elder knowledge and sup-
port, traditional herbs and medicines, and ceremonial practices
and rituals that may relieve and decrease the amount of pain and
discomfort felt by Indigenous patients with arthritis. Intergenera-
tional knowledge, “blood memory” of traditional medicines and
methods, is inherent in many First Nations communities, who
desire to return to traditional ways. Since many Indigenous people
long for traditional knowledge, particularly survivors of Indian Res-
idential School and the Sixties Scoop, shared decision-making
would be useful to support decisions around the inclusion of tradi-
tional modes of healing in care plans, especially the physiologic
and spiritual aspects.

Decision support tools include decision aids that describe
treatment options and their benefits and harms, and such aids
may equally include a guide to decision-making (12). The tool
may be web-based or printed material such as pamphlets or
videos that assist patients in considering treatment options and
outcomes, which proceed through the steps of deliberation and
communication with the patients’ health care provider. For exam-
ple, in a pilot study among RA patients, patients who used the RA
Choice (a print-based resource) with their doctor reported signifi-
cantly improved knowledge and low decisional conflict compared
to those who did not use the tool (17). The study participants
reported valuing combined electronic and print shared decision-

making aids that were user-friendly, attentive to health literacy
challenges by applying plain language terms, and translated as
needed in different Indigenous languages.

The need for conversation and accountability underlies the
request for including a decision coach in the shared decision-
making strategy. Decision coaching is a process that prepares
patients to discuss options with their providers facilitated by a
decision coach who may be a nurse, social worker, or other allied
health professionals (19). Decision coaches may use decision
support tools to guide the patient in deliberating about options
with their health practitioner (19). In this study, the participants’
suggestions for a nurse, a family member, an Elder, or a commu-
nity member with a lived experience with arthritis as a decision
coach points to the importance of relationship, connection with
tribal members, the closeness of families, role models, and the
social interaction that helps mold and guide quality of life for Indig-
enous people. Decision coaching may improve knowledge and
increase the perceived involvement in decision-making and satis-
faction with the decision-making process (20).

We are aware of prior studies that have explored shared
decision-making with Indigenous populations. The Ottawa Deci-
sion Support Framework was culturally adapted to produce a tool
that better met the needs of Indigenous peoples (21) and enabled
shared decision-making in Western health care settings. While
aiming to refine the decision tool, the study also revealed that
decision coaching was required to increase engagement in the
decision-making process while using the adapted framework as
a talking guide (21). Also, a shared decision-making strategy
called “Not Deciding Alone,” developed for use by Inuit peoples
in cancer care in Canada (7), included community support
workers who provided peer support and facilitated the use of
the tool (a booklet).

As our study was initiated in the fall of 2019, we were only
able to recruit participants from the urban setting prior to the
COVID-19 pandemic restrictions being enacted. Few participants
were recruited, but the sample size is suitable for a phenomenolo-
gic study, which often needs 1–10 participants (9) and was suffi-
cient to reach saturation. Participants were recruited from
3 rheumatology clinics in Calgary, and they received care from dif-
ferent physicians. The pandemic also limited our research popula-
tion, such that individuals living in rural locations could not be
included at this time. We did not include the perception of Indige-
nous men. Also, patients recruited to the study were actively
engaged in Western health care systems and receptive to
research participation; this demographic raises the possibility that
the voices of Indigenous persons who have chosen to not interact
with providers and researchers are not included. Future research
that involves gaining insight from these groups could provide
more exhaustive information on priorities and preferences for
shared decision-making in RA care for Indigenous populations
as we proceed to adapt and test the acceptability and effective-
ness of a decision aid with this population.
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Indigenous patients appreciate active engagement in
decision-making for arthritis care. Our study sheds light on the
importance of providing culturally safe health care practices with
Indigenous patients in the health system when incorporating
shared decision-making strategies. This study advances knowl-
edge in the priority areas and specific content needed in the
shared decision-making process and the preferences of shared
decision-making strategies relevant and appropriate for Indige-
nous patients living with RA.
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Differences in the Association Between Oral Glucocorticoids
and Risk of Preterm Birth by Data Source: Reconciling
the Results

Kristin Palmsten,1 Gretchen Bandoli,2 Gabriela Vazquez-Benitez,3 and Christina D. Chambers2

Objective. To investigate causes of discrepancies in the association between early pregnancy oral glucocorticoid
(OGC) use and preterm birth risk among women with rheumatoid arthritis (RA) in health care utilization data from
California Medicaid (Medi-Cal) and the prospective cohort MotherToBaby Pregnancy Studies.

Methods. Separately, we estimated risk ratios (RRs) between OGC exposure before gestational day 140 and
preterm birth risk in data from Medi-Cal (2007–2013; n = 844) and MotherToBaby (2003–2014; n = 528). We explored
differences in socioeconomic status, OGC dose distribution, exposure misclassification, and confounding by RA
severity across the data sources.

Results. Preterm birth risk in women without OGC was 17.3% in Medi-Cal and was 9.7% in MotherToBaby. There
was no association between OGC and preterm birth in Medi-Cal (adjusted RR 1.00 [95% confidence interval (95% CI)
0.71, 1.42]), and a 1.85-fold (95% CI 1.20, 2.84) increased preterm birth risk in MotherToBaby. When restricting
each sample to women with a high-school diploma or less, preterm birth risk following no OGC exposure was 15.9%
in Medi-Cal and 16.7% in MotherToBaby; adjusted RRs were 1.16 (95% CI 0.74, 1.80) in Medi-Cal and 0.81 (95% CI
0.25, 2.64) in MotherToBaby. Cumulative OGC dose was higher in MotherToBaby (median 684 mg) than in Medi-Cal
(median 300 mg). An OGC dose of ≤300 mg was not associated with increased preterm birth risk. Exposure misclassi-
fication and confounding by RA severity were unlikely explanations of differences.

Conclusion. Higher baseline preterm birth risk and lower OGC dose distribution in Medi-Cal may explain the
discrepancies. Studies are needed to understand the effects of autoimmune disease severity and undertreatment on
preterm birth risk in low-income populations.

INTRODUCTION

Oral glucocorticoids (OGCs) may be used to manage flares/

exacerbations or for chronic management of autoimmune dis-

eases, including rheumatoid arthritis (RA) during pregnancy (1–6).

Prospective cohort and health care utilization database studies

have reported an increased risk of preterm birth following OGC

use in women with RA and other autoimmune diseases (7–12).
The use of health care utilization databases to study medication

safety during pregnancy is becoming increasingly common (13).

These preexisting data sources can increase feasibility and efficiency

of studying relatively rare exposure and perinatal outcomes while

reducing costs compared with primary data collection (13,14). How-

ever, these data are not collected for research, and misclassification,

unmeasured confounding, and restriction to patients with public or

employer-based insurance are concerns (13,14). Well-designed pro-

spective studies can collect detailed information, but participants

may differ from the target population of interest. It is unclear whether

these differences related to internal validity (i.e., bias) and external

validity (i.e., the extent to which results from the study sample hold

for the population of interest) limit comparisons of medication safety

in pregnancy between the 2 types of data sources.
When studies of the same perinatal medication safety ques-

tion are available from health care utilization and prospective
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cohort data, results should be purposely compared, as threats

to internal and external validity across data sources make clinical

interpretation problematic. Therefore, we aimed to examine the

same research question using both types of data, namely to

what extent does OGC use early in pregnancy affect the risk of

preterm birth among women with RA? We studied the associa-

tion in a prospective cohort of women from the MotherToBaby

Pregnancy Studies and among women enrolled in the California

Medicaid Program (known as Medi-Cal). We conceptualized the

target population, i.e., the population of interest, for our study

question as pregnant women in the US who have RA, recogniz-

ing that our study samples were not drawn at random from this

population. Instead, women enrolled in MotherToBaby primarily

had higher socioeconomic status (SES), whereas women

enrolled in Medi-Cal had lower SES because Medi-Cal is the

joint state and US federal health insurance program for low-

income individuals.
We found differing results from the 2 studies and explored

potential reasons for the differences. To assess whether issues with
internal validity could explain the discrepant results, we explored the
potential for exposure misclassification (i.e., incorrectly classifying
whether or not women used OGC) and residual confounding by RA
severitywithin the2studies.Wedidnot investigateoutcomemisclas-
sification as an explanation for the observed differences because
both studies used similar approaches to estimate gestational age at
delivery, i.e., primarily ultrasound measurements with correction for
discrepancies. Furthermore, we did not evaluate selection bias due
to pregnancy loss because OGC use is not expected to increase
the risk of pregnancy loss (15). To assess whether issues related to
external validity could explain the discrepant results, we explored dif-
ferences in SES, a potential effect modifier, and cumulative OGC
dose distribution across the study samples.

PATIENTS AND METHODS

We previously conducted related studies on OGC exposure
during pregnancy and the risk of pretermbirth in both data sources,
and themethodshavebeendescribed indetail (12,16).Weaimed to

make thecurrent analysesas similar as possible, givendifferences in
data elements across the data sources. To simplify the current
analyses and comparisons across studies, we focused on any
OGC exposure during the first half of pregnancy. Furthermore, we
limited the study populations to women with RA to reduce potential
confounding by underlying disease. The Medi-Cal study was
approved by the Committee for the Protection of Human Subjects,
CaliforniaHealth andHumanServicesAgency, andwasdetermined
exemptby theUniversity of California SanDiegoHumanResearch
Protections Program. A data use agreement was in placewith the
California Department of Health Care Services. Counts of <16
were suppressed. The MotherToBaby Pregnancy Studies were
approved by the University of California, San Diego Institutional
Review Board and the current analysis was exempt. Informed
consent was obtained in the MotherToBaby Pregnancy Studies.

We used 2007–2013 Medi-Cal enrollment and outpatient,
inpatient, and pharmacy claims data linked to birth certificate and
hospital discharge data for women with a live birth, continuous
Medi-Cal enrollment during pregnancy, and an inpatient or outpa-
tient International Classification of Diseases, Ninth Revision diagno-
sis code for RA (714.x) during pregnancy (n = 844). Women were
classified as exposed to OGC if they had a pharmacy dispensing
for anyOGCbetween the lastmenstrual period (LMP) date andges-
tational day139 (i.e., 20gestationalweeks).Gestational ageat deliv-
ery was primarily determined from the birth certificate obstetric
estimate (17). The LMPdatewas calculated from the birth certificate
by subtracting the obstetric estimate of gestational age at delivery
from thedeliverydate. Alternatively thebirth certificateLMPestimate
of gestational age at delivery was used when the obstetric estimate
was unavailable (17), thoughmost women (84%) meeting the inclu-
sion criteria had the obstetric estimate available.

MotherToBaby Pregnancy Studies conduct prospective
cohorts of several diseases and exposures during pregnancy,
enrolling pregnant women in the US and Canada (18,19).
MotherToBaby participants were self-referred, referred by health
care providers, or referred by MotherToBaby, a free service of the
Organization of Teratology Information Specialists providing
evidence-based information on exposures in pregnancy and lac-
tation (18,19). We included pregnant women with a live birth or
stillbirth who enrolled in the MotherToBaby Autoimmune Diseases
in Pregnancy Study (2003–2014) before gestational day 140 and
reported having RA, and we excluded women missing informa-
tion on RA-related medications, including OGC (n = 9) (12). A total
of 528 women met the eligibility criteria, including 1 with stillbirth.
Trained study staff conducted up to 4 semistructured telephone
interviews with participants: at enrollment (before gestational
week 20), at approximately 24 and 32 weeks’ gestation, and after
delivery. Interviewers collected data on demographics, reproduc-
tive history, prepregnancy weight and height, comorbidities,
smoking, and pregnancy outcomes (20).

At study enrollment, interviewers used an open-ended prompt
to obtain information on medication use such as “Have you taken

SIGNIFICANCE & INNOVATIONS
• Oral glucocorticoid (OGC) exposure was not associ-

ated with preterm birth when restricting to women
with lower education, but women with lower educa-
tion had a high baseline risk of preterm birth of
approximately 16%.

• Differing results from studies of perinatal medica-
tion safety, including studies of OGC use and pre-
term birth risk, may stem from differences in study
populations, baseline risks, and dose distributions
in addition to the typical sources of bias in observa-
tional studies (e.g., exposure misclassification, out-
come misclassification, and confounding).
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any over-the-counter medications since your last menstrual period,
for example, Tylenol or Tums?” Women who reported having a
specific illness or disease were asked if they took any medication
for that condition, e.g., RA. For all medications reported, women
were queried about dose and dates of use. During follow-up inter-
views, women were queried about medication use since their most
recent interview and whether they were using previously reported
medications (20). Interviewers administered self-assessment ques-
tionnaires to measure RA severity, including the Health Assess-
ment Questionnaire (HAQ) disability index (a validated measure of
functional status in patients with RA; range 0 = no disability,
3 = completely disabled) (21,22), pain score (pain severity rating in
the past week; range 0 = no pain, 100 = severe pain), and
patient’s global score (overall health rating; range 0 = very well,
100 = very poor). Gestational age at delivery was estimated from
the LMP date with adjustment for discrepant ultrasound measure-
ments. Women were classified as exposed if they reported any
OGC use between the LMP date and gestational day 139.

Preterm birth was classified as delivery at <37 gestational
weeks, i.e., <259 days. We assessed the association between
any OGC exposure and preterm birth using Poisson regression
with robust variance to estimate risk ratios (RRs) and 95% confi-
dence intervals (95% CIs) (23). We also estimated risk differences
(RDs) and 95% CIs using linear regression with robust variance.
We identified covariates a priori that we hypothesized to be
potential confounders. We adjusted estimates for a common set
of covariates available in both data sources and additional covar-
iates unique to both data sources to further address confounding.
The modeling approaches (i.e., functional form, categorization cut
points) are described in Supplementary Table 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24865.

The common covariates were LMP year (<2010, ≥2010; cut
point approximately halfway through the years of data for Medi-
Cal), maternal age, race/ethnicity, maternal education, multiple ges-
tation, prepregnancy body mass index, primiparity, hypertension,
autoimmune comorbidities, and, as proxies of RA severity, nonste-
roidal antiinflammatory drugs and disease-modifying antirheumatic
drugs (DMARDs), including conventional and biologic therapies,
between the LMP and day 139. In Medi-Cal, we also adjusted for
being in the disability category for Medicaid eligibility, general
markers of comorbidity (any hospitalizations, number of outpatient
and emergency department visits) (24), and disease severity prox-
ies between LMP and day 139 (the number of outpatient visits with
RAdiagnosis and inflammatorymarker and rheumatoid factor labo-
ratory results) (25). In MotherToBaby, we also adjusted for SES
using Hollingshead categories of maternal and paternal education
(26) to further account for confounding by SES, and we adjusted
for HAQ, pain, and global scores at the time of enrollment to adjust
for RA severity. In post hoc analyses, we explored the 4 factors that
we expected to differ between the 2 data sources as potential
explanations of discrepant results, discussed below.

SES. Pregnant women enrolled in Medi-Cal meet low-income
thresholds, whereas MotherToBaby participants primarily have
higher SES (12). We used education as an SES proxy because it
wasmeasured in both studies. Tomake the 2populationsmore sim-
ilar, we restricted to high-school diploma or less education in both
data sources. We present characteristics for the restricted and full
study populations and estimated the associations in the restricted
population.

Dose. Higher OGC doses have been associated with higher
preterm birth risk in both data sources (12,15). Therefore, differ-
ences in typical OGC dose across studies could contribute to dif-
ferences in the association between any OGC use and preterm
birth. We assessed the median total cumulative OGC dose (pred-
nisone equivalent dose) (27) between the LMP and gestational
day 139. Then we assessed the association between high and
low OGC cumulative dose versus no OGC exposure between
the LMP and day 139 and preterm birth, using the lower of
2 median doses as the exposure cut point.

Exposure misclassification.Weanticipated greater expo-
sure misclassification in Medi-Cal than in MotherToBaby because
we could not confirm OGC use as assumed from dispensing data.
Previously using MotherToBaby data, we compared prednisone
use (the most common OGC during pregnancy) (28,29) in medical
records versus maternal report during pregnancy in women with
RA and found a sensitivity of 56% (95%CI 47, 64) and specificity of
89% (95%CI 82, 94) (20). We expect a similar degree or less expo-
sure misclassification in claims data versus the medical records in
our previous study. This is because the claims were comprised of
pharmacy dispensing data, whereas the data from the medical
records were from medication orders, not fills, and from active
medication lists and physicians’ notes, which generally required a
health care visit for updates/reconciliation. We conducted a
probabilistic bias analysis of exposure misclassification, simulta-
neously adjusting for measured covariates using the approach and
macro described by Fox et al (30) to assess the degree ofmisclassi-
fication needed in Medi-Cal to produce the same adjusted RR in
MotherToBaby (details in Supplementary Methods in Supplemen-
tary Appendix A, available on the Arthritis Care & Researchwebsite
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24865).

Residual confounding.Given that MotherToBaby collected
validated self-reported measures of RA severity (21,22) and that we
had to rely on proxies of disease severity inMedi-Cal, wewere partic-
ularly concerned about confounding by RA severity in the Medi-Cal
analysis. We anticipate that residual confounding by RA severity
would lead to upward bias, as greater disease severity is associated
with an increased risk of preterm birth (19) and greater disease sever-
ity is associated with OGC use (as observed in MotherToBaby in
Table 1). We compared fully adjusted models to those without
severity adjustment. Also, we conducted a bias analysis for
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Table 1. Characteristics among women in the Medi-Cal study and in the MotherToBaby (MTB) study overall and by exposure status*

Medi-Cal MTB

Characteristic
Overall No OGC OGC Overall No OGC OGC
(n = 844) (n = 655) (n = 189) (n = 528) (n = 269) (n = 259)

LMP year 2010 or later 556 (65.9) 430 (65.6) 126 (66.7) 219 (41.5) 124 (46.1) 95 (36.7)
Maternal age, median (IQR) 29.0 (9.0) 28 (9) 30 (9) 32 (6) 32 (6) 32 (6)
Race/ethnicity
White (Medi-Cal), non-Hispanic White (MTB) 156 (18.5) 133 (20.3) 23 (12.2) 417 (79.0) 221 (82.2) 196 (75.7)
Black 78 (9.2) 62 (9.5) 16 (8.5) NA NA NA
Hispanic 543 (64.3) 411 (62.7) 132 (69.8) NA NA NA
Other or unknown 67 (7.9) 49 (7.5) 18 (9.5) 111 (21.0) 48 (17.8) 63 (24.3)

Maternal education
High school/equivalent or less 577 (68.4) 452 (69.0) 125 (66.1) 50 (9.5) 24 (7.9) 26 (10.0)
Less than high school 290 (34.4) 242 (37.0) 48 (25.4) NA NA NA
High school/equivalent 287 (34.0) 210 (32.1) 77 (40.7) NA NA NA

Some college, college degree/equivalent, or higher 267 (31.6) 203 (31.0) 64 (33.9) 478 (90.5) 245 (92.1) 233 (90.0)
Some college NA NA NA 116 (22.0) 55 (20.4) 61 (23.6)
College degree or higher NA NA NA 362 (68.6) 190 (70.6) 172 (66.4)

Disability as source of Medi-Cal eligibility 113 (13.4) 80 (12.2) 33 (17.5) NA NA NA
Socioeconomic status, median (IQR)† NA NA NA 2 (1) 2 (1) 2 (1)
Gestational age at enrollment, median (IQR) NA NA NA 11 (7) 11 (7) 11 (8.)
Multiple gestation – – – 23 (4.4) 8 (3.0) 15 (5.8)
Prepregnancy body mass index
Underweight to normal weight 317 (37.6) 247 (37.7) 70 (37.0) 324 (61.4) 156 (58.0) 168 (64.9)
Overweight 253 (30.0) 200 (30.5) 53 (28.0) 114 (21.6) 55 (20.4) 59 (22.8)
Obese 274 (32.5) 208 (31.8) 66 (34.9) 90 (17.0) 58 (21.6) 32 (12.4)

Primiparous 198 (23.5) 167 (25.5) 31 (16.4) 249 (47.2) 126 (46.8) 123 (47.5)
Autoimmune comorbidities‡ 83 (9.8) 53 (8.1) 30 (15.9) 29 (5.5) 12 (4.5) 17 (6.6)
Hypertension (Medi-Cal)/prepregnancy

hypertension (MTB)§
33. (3.9) 21 (3.2) – 37 (7.0) 18 (6.7) 19 (7.3)

DMARD§ 148 (17.5) 75 (11.5) 73 (38.6) 421 (79.7) 213 (79.2) 208 (80.3)
NSAID¶ 171 (20.3) 100 (15.3) 71 (37.6) 191 (36.2) 85 (31.6) 106 (40.9)
Number of outpatient visits§
None 292 (34.6) 227 (34.7) 65 (34.4) NA NA NA
1 to 5 330 (39.1) 265 (40.5) 65 (34.4) NA NA NA
≥6 222 (26.3) 163 (24.9) 59 (31.2) NA NA NA

Number of emergency department visits§
None 510 (60.4) 408 (62.3) 102 (54.0) NA NA NA
1 131 (15.5) 101 (15.4) 30 (15.9) NA NA NA
≥2 203 (24.1) 146 (22.3) 57 (30.2) NA NA NA

Inpatient admission ≥1§ 26 (3.1) – – NA NA NA
Number of outpatient visits with RA diagnosis§
None 592 (70.1) 475 (72.5) 117 (61.9) NA NA NA
1 157 (18.6) 121 (18.5) 36 (19.1) NA NA NA
≥2 95 (11.3) 59 (9.0) 36 (19.0) NA NA NA

Inflammatory marker§ 128 (15.1) 82 (12.5) 46 (24.3) NA NA NA
Rheumatoid factor§ 82 (9.7) 65 (9.9) 17 (9.0) NA NA NA
HAQ at enrollment, median (IQR)# NA NA NA 0.3 (0.9) 0.1 (0.6) 0.5 (1.0)
Pain score at enrollment, median (IQR)** NA NA NA 20.0 (45) 10 (25) 25 (50)
Global score at enrollment, median (IQR)†† NA NA NA 15.0 (35) 10 (30) 25 (45)
OGC cumulative dose, median (IQR)‡‡ 300 (420) 0 (0) 300 (420) 684 (645) 0 684 (645)

* Values are the number (%) unless indicated otherwise. Counts of <16 were suppressed for Medi-Cal. DMARD = disease-modifying antirheu-
matic drug; HAQ = Health Assessment Questionnaire; IQR = interquartile range; LMP = last menstrual period; NA = not applicable;
NSAID = nonsteroidal antiinflammatory drug; OGC = oral glucocorticoid; RA = rheumatoid arthritis.
† 8 women missing socioeconomic status (Hollingshead categories, highest = 1 to lowest = 5).
‡ Inflammatory bowel disease, systemic lupus erythematosus, or ankylosing spondylitis for Medi-Cal; inflammatory bowel disease, systemic
lupus erythematosus, or ankylosing spondylitis for MotherToBaby.
§ Between LMP and gestational day 139.
¶ Between LMP and gestational day 139, prescription NSAID only for Medi-Cal.
# 0 = no disability, 3 = completely disabled.
** 0 = no pain, 100 = severe pain.
†† 0 = very well, 100 = very poor.
‡‡ Between LMP and gestational day 139, among women with any OGC exposure between LMP and gestational day 139; prednisone equiva-
lent dose.

ORAL GLUCOCORTICOIDS USE AND PRETERM BIRTH 1335



unmeasured confounding by RA severity in Medi-Cal by adjusting
the exposure-misclassification bias analysis point estimates
between OGC exposure and preterm birth for an unmeasured con-
founder using the array approach described by Schneeweiss (31)
and implemented with the episensr package in R statistical software
(details in Supplementary Methods in Supplementary Appendix A,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24865) (32). All other analy-
ses were conducted using SAS statistical software (version 9.4).

RESULTS

Primary analysis. Before gestational day 140, 22.4% of
women in Medi-Cal and 49.1% of women in MotherToBaby had
OGC exposure (Table 1). DMARD use before gestational day
140, including biologic therapies, was far less common in

Medi-Cal (17.5% DMARD; 6.5% biologic DMARD) than
MotherToBaby (79.7% DMARD; 67.4% biologic DMARD).
DMARDs were more common among OGC-exposed versus
unexposed women in Medi-Cal (38.6% versus 11.5%) but not in
MotherToBaby (80.3% versus 79.2%). Proxies and measures of
disease severity were more common among OGC-exposed ver-
sus unexposed women in both studies. In Medi-Cal, 68.4% of
women had a high-school diploma equivalent or less education,
whereas only 9.5% were in this category in MotherToBaby.

Preterm birth risk in women without OGCs was 17.3% in
Medi-Cal and 9.7% in MotherToBaby (Tables 2 and 3), whereas
the preterm birth risk in women with OGCswasmore similar across
data sources (19.1% in Medi-Cal and 21.6% in MotherToBaby).
Therefore, no association existed between OGC exposure and
preterm birth in Medi-Cal: adjusted RR 1.00 (95% CI 0.71,
1.42), adjusted risk difference 0.0 (95% CI –6.3, 6.4), and there

Table 2. Oral glucocorticoid (OGC) exposure between last menstrual period (LMP) and day 139 and the risk of preterm birth among
women in the Medi-Cal study*

Exposure group No. PTB, % Crude RR Adjusted RR† Crude RD Adjusted RD†

All Women 844 – – – – –

OGC 189 19.1 1.10 (0.78, 1.56) 1.00 (0.71, 1.42) 1.8 (–4.6, 8.2) 0.0 (–6.3, 6.4)
>300 mg cumulative dose‡ 84 25.0 1.36 (1.01, 1.85) 1.23 (0.91, 1.68) 6.2 (–0.7, 13.0) 4.2 (–2.3, 10.7)
≤300 mg cumulative dose‡ 105 – – 0.81 (0.59, 1.12) – –3.7 (–8.9, 1.5)
No OGC 655 17.3 Ref. Ref. Ref. Ref.

High school/equivalent or less 565 – – – – –

OGC 125 20.8 1.31 (0.86, 1.98) 1.16 (0.74, 1.80) 4.9 (–3.2, 13.0) 2.9 (–5.2, 11.0)
No OGC 440 15.9 Ref. Ref. Ref. Ref.

* Values are the risk ratio (RR) or risk difference (RD) (95% confidence interval) unless indicated otherwise. PTB = preterm birth; Ref. =
reference.
† Adjusted for LMP year (<2010, ≥2010), maternal age, race/ethnicity, maternal education, disability as source of Medi-Cal eligibility, mul-
tiple gestation, prepregnancy body mass index category, nulliparity, inflammatory bowel disease or systemic lupus erythematosus
(yes/no), and hypertension, disease-modifying antirheumatic drug, prescription nonsteroidal antiinflammatory drug, any inpatient
admission, any inflammatory marker laboratory results, any rheumatoid factor laboratory results, number of outpatient visits, emer-
gency department visits, and outpatient visits with a rheumatoid arthritis diagnosis between LMP and gestational day 139.
‡ Prednisone equivalent dose.

Table 3. Oral glucocorticoid (OGC) exposure between last menstrual period and day 139 and the risk of preterm birth among women in the
MotherToBaby study*

Exposure group No. PTB, % Crude RR Adjusted RR† Crude RD Adjusted RD†

All Women 528 – – – – –

OGC 259 21.6 2.24 (1.45, 3.45) 1.85 (1.20, 2.84)‡ 12.0 (5.8, 18.1) 8.3 (2.6, 14.0)‡
>300 mg cumulative dose§ 180 26.7 2.74 (1.77, 4.25) 2.22 (1.43, 3.45) 16.9 (9.5, 24.2) 13.0 (6.1, 19.9)
≤300 mg cumulative dose§ 75 9.3 1.06 (0.50, 2.25) 1.00 (0.49, 2.06) 5.9 (–7.0, 8.2) –1.8 (–9.2, 5.5)
No OGC 269 9.7 Ref. Ref. Ref. Ref.

High school/equivalent or less 50 – – – – –

OGC 26 23.1 1.38 (0.44, 4.32) 0.81 (0.25, 2.64)¶ 6.4 (–15.6, 28.4) –9.3 (−28.4, 9.7)¶
No OGC 24 16.7 Ref. Ref. Ref. Ref.

* Values are the risk ratio (RR) or risk difference (RD) (95% confidence interval) unless indicated otherwise. PTB = preterm birth; Ref. = reference.
† Adjusted for last menstrual period (LMP) year (<2010, ≥2010), maternal age, non-Hispanic White race/ethnicity, maternal education, socioeco-
nomic status (Hollingshead categories), multiple gestation, prepregnancy body mass index category, nulliparous, prepregnancy hypertension,
inflammatory bowel disease, systemic lupus erythematosus, or ankylosing spondylitis (yes/no), disease-modifying antirheumatic drug use
between LMP and gestational day 139, nonsteroidal antiinflammatory drug use between LMP and gestational day 139, and health assessment
questionnaire score, pain score, and global score at the time of enrollment.
‡ 8 women excluded because of missing socioeconomic status; results did not change materially when including all women without adjusting
for socioeconomic status.
§ Prednisone equivalent dose.
¶ 3 women excluded because of missing socioeconomic status; results did not change materially when including all women without adjusting
for socioeconomic status.
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was an adjusted 1.85-fold (95% CI 1.20, 2.84) increased risk and
an 8.3% (95% CI 2.6, 14.0) absolute increase in the risk for preterm
birth in MotherToBaby.

Restriction. When restricting Medi-Cal to lower education,
characteristics were similar to the full population with the
exception of an increase in the proportion of women who were

Table 4. Characteristics among those with a high-school diploma or equivalent or less education in the Medi-Cal study and in
the MotherToBaby (MTB) study*

Characteristic
Medi-Cal MotherToBaby
(n = 565) (n = 50)

LMP year 2010 or later 367 (65.0) 17 (34.0)
Maternal age, median (IQR) 28 (9) 31 (7)
Race/ethnicity
White (Medi-Cal), non-Hispanic White (MTB) 88 (15.6) 26 (52.0)
Black 33 (5.8) NA
Hispanic 418 (74.0) NA
Other or unknown 26 (4.6) 24 (48.0)

Maternal education
High school/equivalent or less 565 (100) 50 (100)
Less than high-school diploma 282 (49.9) NA
High school/equivalent 283 (50.1) NA

Some college, college degree, or higher 0 (0) 0 (0)
Disability as source of Medi-Cal eligibility 77 (13.6) NA
Socioeconomic status, median (IQR)† NA 3 (1)
Gestational age at enrollment, median (IQR) NA 11 (8)
Multiple gestation – 0 (0)
Prepregnancy body mass index
Underweight to normal weight 213 (37.7) 26 (52.0)
Overweight 165 (29.2) 14 (28.0)
Obese 187 (33.1) 10 (20.0)

Primiparous 133 (23.5) 18 (36.0)
Autoimmune comorbidities‡ 54 (9.6) 3 (6.0)
Hypertension (Medi-Cal)/prepregnancy hypertension (MTB)§ 24 (4.2) 6 (12.0)
DMARD§ 104 (18.4) 44 (88.0)
NSAID¶ 118 (20.9) 17 (34.0)
Number of outpatient visits§
None 186 (32.9) NA
1–5 230 (40.7) NA
≥6 149 (26.4) NA

Emergency department visits, no.§
None 340 (60.2) NA
1 93 (16.5) NA
≥2 123 (23.4) NA

Inpatient admission ≥1§ – NA
Outpatient visits with RA diagnosis, no.§
None 392 (69.4) NA
1 107 (18.9) NA
≥2 66 (11.7) NA

Inflammatory marker laboratory§ 80 (14.2) NA
Rheumatoid factor laboratory§ 54 (9.6) NA
HAQ at enrollment, median (IQR)# NA 0.6 (1.1)
Pain score at enrollment, median (IQR)** NA 28 (60)
Global score at enrollment, median (IQR)†† NA 23 (45)
OGC cumulative dose median (IQR)‡‡ 300 (430) 695 (448)

* Values are the number (%) unless indicated otherwise. Counts of <16 were suppressed for Medi-Cal. DMARD = disease-
modifying antirheumatic drug; HAQ = Health Assessment Questionnaire; IQR = interquartile range; LMP = last menstrual period;
NA = not applicable; NSAID = nonsteroidal antiinflammatory drug; OGC = oral glucocorticoid; RA = rheumatoid arthritis.
† 8 women missing socioeconomic status (Hollingshead categories, highest = 1, lowest = 5).
‡ Inflammatory bowel disease, systemic lupus erythematosus, or ankylosing spondylitis for Medi-Cal; inflammatory bowel dis-
ease, systemic lupus erythematosus, or ankylosing spondylitis for MTB.
§ Between LMP and gestational day 139.
¶ Between LMP and gestational day 139, prescription NSAID only for Medi-Cal.
# 0 = no disability, 3 = completely disabled.
** 0 = no pain, 100 = severe pain.
†† 0 = very well, 100 = very poor.
‡‡ Between LMP and gestational day 139, among womenwith any OGC exposure between LMP and gestational day 139; pred-
nisone equivalent dose.
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Hispanic from 64.3% to 74.0% (Table 4). Upon restriction in
MotherToBaby, the proportion of non-Hispanic White women
decreased (79.0% to 52.0%), overweight/obese women increased
(38.6% to 48.0%), and RA severity increased (e.g., median HAQ
score increased from 0.3 to 0.6 with restriction). Upon restriction,
preterm birth risk among women with no OGC exposure during
the first 139 days decreased slightly to 15.9% in Medi-Cal and
increased to 16.7% in MotherToBaby. The adjusted association
between OGC exposure and preterm birth did not change materi-
ally in Medi-Cal (adjusted RR 1.16 [95% CI 0.74, 1.80]) and it
decreased in MotherToBaby, although the estimate was imprecise
(adjusted RR 0.81 [95% CI 0.25, 2.64]).

Dose and risk. Total cumulative OGC dose during the first
half of pregnancy was higher in MotherToBaby (median 684 mg
prednisone equivalent dose) than in Medi-Cal (median 300 mg
prednisone equivalent dose). An OGC dose of ≤300 mg predni-
sone equivalent dose was not associated with increased preterm
birth risk in either study (Tables 2 and 3). Although absolute risks
for preterm birth were similarly high across both studies for OGC
dose >300 mg (25.0% for Medi-Cal; 26.7% for MotherToBaby),
the adjusted RRs differed across the 2 studies (Medi-Cal adjusted
RR 1.23 [95% CI 0.91, 1.68]; MotherToBaby adjusted RR 2.22
[95% CI 1.43, 3.45]), as did the adjusted RDs (Medi-Cal adjusted
RD –3.7% [95% CI –8.9, 1.5]; MotherToBaby adjusted RD 13.0%
[95% CI 6.1, 19.9]).

Exposure misclassification adjustment. Assuming
nondifferential misclassification (i.e., OGC misclassification unre-
lated to preterm birth status) with sensitivity = 60%, and
specificity = 85%, the exposure misclassification bias analysis
adjusted odds ratio (OR) was 1.40 (95%CI 0.89, 2.28) (see Supple-
mentary Table 2, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24865). Assuming
differential misclassification (i.e., OGC misclassification differing by
preterm birth status) with sensitivity = 60%, specificity = 95% for
women with preterm birth, and specificity = 85% for women with-
out preterm birth yielded a bias-adjusted OR of 3.05 (95% CI 1.71,
6.62) (see Supplementary Table 3, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24865). With sensitivity = 60%, specificity = 85% for women
with preterm birth, and specificity = 95% for women without pre-
term birth, the bias-adjusted OR was 0.52 (95% CI 0.26, 0.92).

Severity adjustment. Compared with adjusting for all
covariates, not adjusting for disease severity increased the RR
by 11% in MotherToBaby (RR 2.05 [95% CI 1.32, 3.17]). Not
adjusting for severity proxies did not change the Medi-Cal results
materially. The bias analysis for exposure misclassification and
unmeasured confounding by RA severity in Medi-Cal indicated a
reduced point estimate after adjusting for the unmeasured con-
founder (e.g., exposure misclassification bias analysis adjusted

OR = 1.40, exposure misclassification and unmeasured con-
founding bias analysis RR = 1.18) (see Supplementary Tables 2
and 3, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24865).

DISCUSSION

We observed no association between OGC use during the
first half of pregnancy and preterm birth among women with RA
when using Medi-Cal data. However, a similar analytic approach
with prospective cohort data yielded an 8% absolute increase in
the risk for preterm birth and nearly a 2-fold increased risk for pre-
term birth following OGC exposure during the first half of preg-
nancy. Based on post hoc bias analyses, difference in the results
across studies seemed unlikely to be related to threats to internal
validity. Instead, differences in the study samples related to SES
and OGC dose distribution may have contributed to the discrep-
ancy in the associations across studies.

Preterm birth risk following OGC exposure was similar in
both studies; the disparity in results from the full populations orig-
inates in the reference groups. Women in Medi-Cal were low
income and primarily Hispanic. Furthermore, most women were
overweight/obese, and few used DMARDs, several of which are
recommended to control disease activity and reduce the risks of
flares during pregnancy (e.g., hydroxychloroquine) (33,34), likely
resulting in increased disease activity. These factors may have
contributed to the high observed baseline risk of preterm birth.
Women in MotherToBaby self-selected into the study, which
may be a proxy for health-seeking behaviors protective for pre-
term birth, had high SES, and were primarily non-Hispanic White.
Most women were normal-weight/underweight, had relatively low
disease severity, and used DMARDs including biologic therapies
(which were not associated with an increased risk of preterm birth
in these studies [12,15]), resulting in lower baseline preterm birth
risk compared with Medi-Cal. Among RA patients in the general
population, major disparities in access to DMARDs related to race
and SES status have been described, with Medicaid patients
being far less likely to receive DMARDs than patients with private
insurance (35,36). Therefore, SES may influence the baseline risk
for preterm birth among pregnant women with RA through a vari-
ety of pathways, e.g., decreased access to DMARDs resulting in
increased RA severity.

OGC exposure was not associated with preterm birth when
restricting to women with lower education in either study, although
the point estimate was imprecise for MotherToBaby, as <10% had
lower education. After restriction to women with lower education,
the impact of OGC exposure on the development of preterm birth
may have been negligible, given high baseline risk for preterm birth
(approximately 16% in both studies). Increased RA severity due to
less DMARD use and other factors, e.g., inadequate prenatal care,
environmental pollution, or experiences of racism (37–40), may
have been more impactful contributors to preterm birth than OGC
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in a population with lower SES. Therefore, SES appears to be an
important effect modifier of the association between OGC use dur-
ing pregnancy and preterm birth and should be considered when
generalizing estimates to the target population or transporting esti-
mates to other populations (41).

The median total cumulative dose of OGC during the first half
of pregnancy in Medi-Cal was less than half that observed in
MotherToBaby. Furthermore, lower OGC doses were not associ-
ated with an increased preterm birth risk in either population.
Therefore, the lower distribution of cumulative OGC dose in
Medi-Cal may have contributed to the null association observed
between OGC and preterm birth in Medi-Cal. Differences in typi-
cal OGC regimes with respect to dose across the study samples
may have contributed to the discrepancy across the studies.

We assumed that OGC exposure was captured with higher
accuracy in MotherToBaby than in Medi-Cal, given the careful col-
lection of medication use information via semistructured inter-
views at multiple time points during pregnancy in MotherToBaby
versus the reliance on pharmacy dispensing data in Medi-Cal.
Using estimates from our validation study of OGC exposure dur-
ing pregnancy (20), correcting for OGCmisclassification unrelated
to preterm birth status in Medi-Cal led to point estimates that
were weaker than those observed in MotherToBaby. Correcting
for OGC misclassification related to preterm birth status in Medi-
Cal led to point estimates that were stronger than in MotherToBaby
when accuracy was higher in women with preterm birth than
without preterm birth. However, plausibility is low given that
exposure was classified during the first half of pregnancy, well
before preterm birth occurred. Therefore, misclassified OGC
status in Medi-Cal seems unlikely to have explained the
observed discrepancy across the studies.

We assumed that we were able to more fully adjust for RA
severity in MotherToBaby, given validated measures of RA sever-
ity (21,22) versus proxies of severity in Medi-Cal. Quantitative bias
analysis for residual confounding by disease severity following
correction for exposure misclassification in Medi-Cal resulted in
a weakened association between OGC and preterm birth that
was lower than the MotherToBaby point estimate. Therefore,
residual confounding by RA severity in Medi-Cal was not a likely
explanation for the observed differences across the studies.

A limitation of our study is the small number of women with
lower education in MotherToBaby, resulting in imprecise esti-
mates when exploring the impact of making the study populations
more similar with respect to SES. Furthermore, although we
aimed to create more comparable study populations by restrict-
ing to women with the same education level, we acknowledge
that education level is a proxy of SES, and there are socioeco-
nomic and other sources of variability across the 2 restricted
populations (e.g., health behaviors). All of the women in the
Medi-Cal study met low-income eligibility criteria, whereas some
women with a high school education or less in MotherToBaby
were still classified as having higher SES according to

Hollingshead’s categories. Medicaid status was not available in
MotherToBaby. Furthermore, we had to rely on diagnostic codes
to classify RA in Medi-Cal, which may have resulted in the inclu-
sion of some women without RA.

Our study intentionally analyzed the same medication safety
question in prospective cohort data and health care utilization data
and investigated potential reasons for discrepant answers. We
used a similar analytic approach across the data sources, and the
data sources had complementary strengths that allowed us to
investigate several reasons for differing results. Medi-Cal allowed
us to investigate the association of interest in a low-income popula-
tion without selection of volunteers. MotherToBaby had careful
ascertainment of OGC use with maternal report and medical
record confirmation and self-reported validated measures of dis-
ease severity.

Results of individual studies of medication safety during preg-
nancy are often at odds with each other. Discrepant results can
make counseling on medication safety complex for providers and
decision-making fraught for patients. When discrepant results
arise, ideally investigators could quantitatively explore threats to
internal validity, including exposure misclassification, outcome mis-
classification, confounding, and selection bias, as well as external
validity issues, including differences in study populations related to
baseline risks, the distribution of effect modifiers, and treatment
regimens, including daily and/or cumulative dose, as possible
explanations. In our comparison, differences in results across the
data sources may be due to the underlying risk of the outcome in
the referent groups of each study. We also observed differences
in the distribution of OGC dose, which may have contributed to dif-
ferences in the association between OGC modeled as a binary
yes/no variable and preterm birth (42). However, we could not attri-
bute the differences in results to expected biases in Medi-Cal data
(i.e., exposure misclassification, confounding). Our findings under-
score the need 1) for authors to describe and contextualize study
samples, assess medication dose, and present stratum-specific
results for potential effect modifiers, and 2) for readers to consider
characteristics of the study sample, baseline risks, and medication
dose distribution when comparing discrepant answers to the same
perinatal medication safety question.

Given the high baseline risk for preterm birth among Medi-
Cal enrollees with RA and replicated among women with a high
school education or less in MotherToBaby, and also in enrollees
with asthma, systemic lupus erythematosus, and inflammatory
bowel disease as described previously (16), studies are needed
to understand the effects of autoimmune disease severity and
undertreatment of autoimmune diseases on preterm birth risk
before and during pregnancy in low-income populations.
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Development of a Medicare Claims–Based Model to Predict
Persistent High-Dose Opioid Use After Total Knee
Replacement

Chandrasekar Gopalakrishnan,1 Rishi J. Desai,1 Jessica M. Franklin,1 Yinzhu Jin,1 Joyce Lii,1

Daniel H. Solomon,1 Jeffrey N. Katz,1 Yvonne C. Lee,2 Patricia D. Franklin,2 and Seoyoung C. Kim1

Objective. To develop a claims-based model to predict persistent high-dose opioid use among patients undergo-
ing total knee replacement (TKR).

Methods. Using Medicare claims (2010–2014), we identified patients ages ≥65 years who underwent TKR with no
history of high-dose opioid use (mean >25 morphine milligram equivalents [MMEs]/day) in the year prior to TKR. We
used group-based trajectory modeling to identify distinct opioid use patterns. The primary outcome was persistent
high-dose opioid use in the year after TKR. We split the data into training (2010–2013) and test (2014) sets and used
logistic regressionwith least absolute shrinkage and selection operator regularization, utilizing a total of 83 preoperative
patient characteristics as candidate predictors. A reduced model with 10 prespecified variables, which included demo-
graphic characteristics, opioid use, and medication history was also considered.

Results. The final study cohort included 142,089 patients who underwent TKR. The group-based trajectory model iden-
tified 4 distinct trajectories of opioid use (group 1: short-term, low-dose; group 2: moderate-duration, low-dose; group 3:
moderate-duration, high-dose; and group 4: persistent high-dose). The model predicting persistent high-dose opioid use
achieved high discrimination (receiver operating characteristic area under the curve [AUC] 0.85 [95% confidence interval
(95% CI) 0.84–0.86]) in the test set. The reduced model with 10 predictors performed equally well (AUC 0.84 [95% CI
0.84–0.85]).

Conclusion. In this cohort of older patients, 10.6% became persistent high-dose (mean 22.4 MME/day) opioid
users after TKR. Our model with 10 readily available clinical factors may help identify patients at high risk of future
adverse outcomes from persistent opioid use after TKR.

INTRODUCTION

The economic burden of prescription opioid overdose,

abuse, and dependence is estimated to be $78.5 billion each year

in the US (1). An estimated 2.0 million people in the US had an

opioid-use disorder (defined in the Diagnostic and Statistical Man-

ual of Mental Disorders [2] as a problematic pattern of opioid use

leading to clinically significant impairment or distress) associated

with prescription opioids in 2015, and nearly half of all opioid-

related deaths involved a prescription opioid (3,4).

Patients undergoing major surgical procedures, such as total
knee replacements (TKRs), are often prescribed opioids before

and/or after surgery for pain relief. A recent study in a commer-
cially insured population revealed that 87.1% of patients filled at

least 1 prescription for opioids in the year prior to hip or knee
arthroplasty (5,6). In a large cohort of older Medicare enrollees
with osteoarthritis, 58.3% had used opioids at least once in the

year prior to TKR, and 7.2% had continuous opioid use, defined
by a dispensing for opioids at least once every month for
12 months before the surgical procedure (7). Some studies
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suggest that use of preoperative or perioperative opioids

increases risk for persistent opioid use and opioid dependence

following the surgery (8,9). Patients who were continuous users

of opioids prior to surgery were found to have poorer surgical out-

comes after surgery and nearly a 5-fold increased risk for opioid

overdose compared to those who did not use any opioids prior

to surgery (7).
Few studies have characterized the longitudinal patterns of

opioid use after TKR (5), and those that do evaluate such patterns
have not studied in detail the dynamic patterns of use over time.
Group-based trajectories have been used to model complex lon-
gitudinal outcomes or behaviors such as health care spending
(10), postoperative pain (11), and medication adherence to
chronic medications (12,13) and may aid in characterizing longitu-
dinal patterns of opioid use over time (14).

The objectives of our study were to: 1) characterize the
dynamic patterns of opioid use in the year following TKR of
patients who underwent the surgery using group-based trajectory
modeling to classify patients with persistent high-dose opioid use;
and 2) develop a prognostic clinical prediction model to identify
persistent high-dose opioid users after TKR using preoperative
patient characteristics.

PATIENTS AND METHODS

Data source and study population. Using Medicare
Parts A (inpatient), B (outpatient), and D (prescription) claims
(2010–2014) and a cohort design, we defined cohort eligibility as
patients ages ≥65 years who underwent TKR (see Supplemen-
tary Table 1,* available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24599) and
who were continuously enrolled in Medicare for ≥360 days prior
to TKR and for a minimum of 30 days after TKR. To prevent inclu-
sion of patients with bilateral TKRs, patients with 2 codes for TKR

on the same day or with a history of TKR in the 360 days prior
were not included. We defined 2 exclusion criteria: 1) patients with
any prior history of cancer, as these patients may be more likely to
have an indication for persistent opioid use; and 2) patients with
high-dose opioid use at baseline (mean >25 morphine milligram
equivalents [MMEs]/day), as previous use of high-dose opioids
itself is a strong predictor of future high-dose opioids (15,16). Opi-
oid use was assessed in the 360 days after TKR in 30-day inter-
vals. To calculate MMEs/day, we utilized the “Opioid NDC and
Oral MME Conversion File” provided by the Centers for Disease
Control and Prevention National Center for Injury Prevention and
Control (17) that contains opioid national drug codes with their
linked oral MME conversion factors (see Supplementary Table 2,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24599).
If patients filled multiple prescriptions of the same drug on the same
day, we only considered the fill with a higher days’ supply; however,
prescriptions filled for different opioid medications on the same day
or in combination with other medications (such as nonsteroid antiin-
flammatory drugs [NSAIDs]) contributed to the MME calculation.

A signed data use agreement with the Center for Medicare
and Medicaid services was available, and the Brigham and
Women’s Hospital Institutional Review Board approved the pro-
tocol for this study. To protect patient privacy, the individual
patient-level data will not be made available to other researchers
for purposes of reproducing the results or replicating the proce-
dure. Programming codes will be made available upon request
on publication of this study to enable other researchers to imple-
ment the model proposed in our study.

Group-based trajectory modeling. A trajectory model
estimated several regression models simultaneously through
maximization of a likelihood function that combined the informa-
tion from all models (14). Within each opioid use group, usage
patterns were modeled as a smooth function of time. The output
of a group-based trajectory included estimated probabilities of
group membership for each individual and an estimated trajectory
curve over time for each group (14). Group-based trajectory mod-
els were built using opioid filling patterns in the 360 days after
TKR. We modeled opioid use as a continuous variable (MME) in
every 30-day interval using Proc Traj in SAS, version 9.4, and
specifying a censored normal model. Multiple models were devel-
oped varying the number of groups from 2 to 6; the 4-group
model was selected as the final model based on assessment of
model fit. This included a combination of factors including the
Bayesian information criterion, the predicted probability of group
membership (typically >0.9) (14), and having an adequate number
of patients in each trajectory group.

Outcomes: defining persistent high-dose opioid
users. The group-based trajectory model classified patients into
4 distinct trajectories (group 1: short-term, low-dose; group 2:
moderate-duration, low-dose; group 3: moderate-duration,

*[Correction added on 30 May 2022, after first online publication: The order
of the supplementary material was corrected in this version.]

SIGNIFICANCE & INNOVATIONS
• Using group-based trajectory modeling, our study

identified 4 distinct patterns of opioid use among
Medicare patients who underwent total knee
replacement (TKR) in the year after their surgery.

• A total of 10.6% of these patients became persistent
high-dose (mean 22.4 morphine milligram equiva-
lents/day) opioid users in the year after their TKR.

• Our model with 10 readily available preoperative
clinical factors achieved excellent predictive perfor-
mance (receiver operating characteristic area under
the curve 0.84) and may help identify patients at
high risk of future adverse outcomes from persis-
tent opioid use after TKR.
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high-dose; and group 4: persistent, high-dose) of opioid use in
the year after TKR. The primary outcome was persistent high-
dose opioid use defined as patients in trajectory group 4. Patients
in group 4 had the longest average duration (164.4 days) of opioid
use and high average dose (22.4 MMEs/day) compared to
patients in trajectory group 1 (14.3 days and 20.9 MMEs/day),
group 2 (44.9 days and 14.4 MMEs/day), and group 3 (51.1 days
and 38.8 MMEs/day) (Figure 1).

Development of prediction model. We used logistic
regression to predict membership in trajectories with persistent
high-dose opioid use (group 4) versus other groups (groups
1, 2, and 3) as a binary outcome utilizing all candidate predictors
and implemented the least absolute shrinkage and selection
operator (LASSO) regression for variable selection using the
Glmnet package in R (18). We performed 10-fold cross-validation
to select the value of the penalty parameter in a way that mini-
mized the mean cross-validated error. The study cohort was split
into a training set (2010–2013 [71.7% of the sample]) and a test
set (2014 [28.3% of the sample]) based on the year of cohort
entry. We used the regression coefficients for each of the selected
predictor variables estimated in the training set to predict persis-
tent high dose versus other groups in the test set.

Predictors. Based on Medicare medical, procedure, or
pharmacy claims, we defined a total of 83 investigator-specified
candidate predictors in the 360 days prior to the date of TKR
(the index date). These predictors included demographic charac-
teristics (such as age, sex, and race), comorbidities (such as sub-
stance use disorders, depression, arthritis), co-medications (such
as baseline opioid use, benzodiazepines, and antidepressants),
health care utilization variables (such as emergency room visits,
hospitalizations, and physician office visits), comorbidity index
(19), and markers of frailty captured using a validated claims-
based frailty index (20). We also considered a reduced model with

only 10 prespecified variables, which included demographic char-
acteristics, history of opioid use and other substance use, and
prior medication history. The rationale for these 10 variables was
to include variables that are readily available for clinical use but
also reliably captured in claims data (such as medication use) that
may enhance the external validity of the model in other settings.

Performance metrics and diagnostics. Predictive per-
formance of the model was assessed by calculating the receiver
operating characteristic (ROC) area under the curve (AUC), with
values close to 0.5 indicating an uninformative model and values
close to 1 indicating perfect prediction. Since the ROC AUC can
be too optimistic, we also calculated the area under the
precision-recall curve (AUPRC), which factors in the outcome
prevalence and visually plots the tradeoff between positive predic-
tive value (PPV) and sensitivity (21). In contrast to the ROC AUC,
the lower bound of the AUPRC is determined by the outcome
prevalence (~0.10 in our study given 10% outcome prevalence),
which indicates an uninformative model with values close to 1 indi-
cating perfect prediction. Plots of ROC and the precision recall
curve were generated in both the training and test data. Finally,
calibration plots were produced to assess if the predicted proba-
bilities match the actual probabilities by visual inspection and
report of the intercept and slope. Intercept values close to 0 and
slope values close to 1 indicate perfect prediction (22–24).

RESULTS

We identified 142,089 patients ages ≥65 years who under-
went TKR and met all eligibility criteria (see Supplementary
Figure 1, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24599). The
4-group trajectory model identified clusters of patients (Figure 1)
with clinically meaningful discrimination between patients’ opioid
use. Patient characteristics between patients in group 4 (long-

Figure 1. Trajectories of opioid-filling patterns after total knee replacement (TKR). Graph shows the observed mean morphine milligram equiva-
lents (MMEs) per day (dotted lines) and the predicted values of MMEs from the model (solid lines).
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term, high-dose opioid use) and group 1 (short-term, low-dose
opioid use) differed greatly (Table 1). Patients in group 4 versus
those in group 1 were more likely to be younger and female, have
higher baseline opioid use (9.0 MMEs/day versus 0.8 MMEs/day,
respectively) in the year prior to TKR, use tobacco/alcohol, have a
greater burden of comorbidities (such as depression, anxiety dis-
orders, and back pain), and use multiple medications. Patients in

group 4 were also more likely to be frail, as assessed by a
claims-based frailty index (20), and were more likely to use health
care services in general (such as number of emergency room and
physician office visits).

Using logistic regression and LASSO, we predicted the
probability of persistent high-dose opioid use (n = 11,607) in the
training data (n = 101,810) for an AUC of 0.88 (95% confidence

Table 1. Selected baseline patient characteristics by opioid use trajectory groups*

Group 1 (short-
term, low-dose)

Group 2 (moderate
duration, low-dose)

Group 3 (moderate
duration, high-dose)

Group 4
(persistent,
high-dose)

Total no. of patients 80,801 38,224 8,020 15,044
Age, mean ± SD years 73.09 ± 5.35 72.68 ± 5.23 70.64 ± 4.09 72.03 ± 5.09
Male sex 30,025 (37.2) 11,887 (31.1) 3,018 (37.6) 4,089 (27.2)
White race 74,686 (92.4) 33,757 (88.3) 7,445 (92.8) 13,228 (87.9)
Combined Comorbidity Index

(ref. 19), mean ± SD
0.50 ± 1.64 0.71 ± 1.78 0.45 ± 1.51 0.95 ± 1.94

Frailty categories (ref. 20)
Mild (<0.13) 21,110 (26.1) 7,000 (18.3) 2,136 (26.6) 1,756 (11.7)
Moderate (0.13 to <0.16) 32,015 (39.6) 14,032 (36.7) 3,027 (37.7) 4,725 (31.4)
Severe (≥0.16) 27,676 (34.3) 17,192 (45.0) 2,857 (35.6) 8,563 (56.9)

Baseline MMEs/day, mean ± SD 0.77 ± 1.95 2.18 ± 3.54 2.27 ± 4.23 9.02 ± 7.00
Tobacco use 8,230 (10.2) 4,401 (11.5) 1,082 (13.5) 2,279 (15.1)
Alcohol abuse 482 (0.6) 277 (0.7) 71 (0.9) 149 (1.0)
Anxiety 6,112 (7.6) 3,927 (10.3) 837 (10.4) 2,351 (15.6)
Falls 2,569 (3.2) 1,600 (4.2) 243 (3.0) 904 (6.0)
Back pain 30,837 (38.2) 18,019 (47.1) 3,430 (42.8) 8,799 (58.5)
Depression 8,051 (10.0) 5,164 (13.5) 1,083 (13.5) 2,933 (19.5)
Diabetes 21,488 (26.6) 12,173 (31.8) 2,158 (26.9) 5,131 (34.1)
Drug abuse 39 (0.0) 37 (0.1) 11 (0.1) 54 (0.4)
No. of ER visits, mean ± SD 0.25 ± 0.63 0.35 ± 0.80 0.29 ± 0.78 0.47 ± 1.01
No. of drugs, mean ± SD 8.46 ± 4.86 10.60 ± 5.39 9.66 ± 5.20 12.77 ± 5.83
No. of office visits, mean ± SD 10.39 ± 6.25 11.94 ± 7.03 11.09 ± 6.51 13.18 ± 7.75

* Values are the number (%) unless indicated otherwise. ER = emergency room; MME = mean morphine milligram
equivalents.

Figure 2. Comparison of the receiver operating characteristic (ROC) and precision-recall (PR) curves in the training (A and B) and test (C and D)
data for the full model (group 4 versus groups 1, 2, and 3). AUC = area under the curve; AUPRC = area under the PR curve. Color figure can be
viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24559/abstract.
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interval [95%CI] 0.88–0.89). The AUC in the test data (n = 40,279)
predicting high-dose opioid use (n = 3,437) was 0.85 (95% CI
0.84–0.86) (Figure 2; see Supplementary Table 3, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24599). The AUPRC was 0.59 and 0.45,
respectively, in the training and test data (Figure 2). Visual inspec-
tion of the calibration plot suggested that the model tended to
overestimate the predicted probability of persistent high-dose
opioid use when the actual probabilities were >40% (calibration
slope = 0.82) (see Supplementary Figure 2, available at http://onli-
nelibrary.wiley.com/doi/10.1002/acr.24599). The final model with
the lowest mean cross-validated error selected 22 predictors
(see Supplementary Figure 3). Figure 3 shows the variables
selected in the full model and their coefficients predicting per-
sistent high-dose opioid use. The strongest positive predictor
of persistent high-dose opioid use was baseline opioid use.
The other variables selected in the final model included demo-
graphic characteristics (such as age, region, and race), medi-
cation use (such as use of benzodiazepines, anxiolytic
medications, NSAIDs, and antidepressants), substance use,
and comorbidities (such as migraine, anxiety, and back pain).

A reduced model with only 10 investigator-specified predic-
tors, which included demographic characteristics (age, sex, and
race), history of substance abuse (opioids, alcohol, and tobacco)
and medication use (benzodiazepines, anxiolytics, antidepres-
sants, anticonvulsants and NSAIDs), also showed comparable
predictive ability in terms of discrimination (AUC 0.84 [95% CI
0.84–0.85]), precision (AUPRC 0.45), and calibration (calibration
slope = 0.79) (see Supplementary Tables 1 and 4, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24599). The strongest predictors of persis-
tent high-dose opioid use were baseline opioid use (modeled as a
continuous variable) (odds ratio [OR] 1.33 [95% CI 1.33–1.34]),

Black race (OR 1.50 [95% CI 1.36–1.66]), and history of benzodi-
azepine use (OR 1.44 [95% CI 1.32–1.57]) (Table 2). The coeffi-
cients for the final predictive model are reported (see
Supplementary Table 5, available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24599), and an online risk calculator that
will be publicly available on our website (https://www.bwhprime.
org/).

DISCUSSION

In this large cohort of older Medicare enrollees who under-
went TKR (mean age 72.7 years), group-based trajectory model-
ing identified groups of patients with 4 distinct patterns of opioid
use in the year following the surgery. We classified 1 of these
groups, comprising 10.6% of the population, as persistent high-
dose users (average dose of 22.4 MMEs/day for an average dura-
tion of 164.4 days) and developed a prediction model using only
preoperative patient characteristics to predict membership in the
empirically identified trajectory group, which showed excellent
predictive performance. Using a reduced model with only
10 investigator-specified predictors that would be more readily
available in clinical settings also resulted in comparable predictive
performance.

The key predictors of persistent high-dose opioid use were
baseline use of opioids, benzodiazepines, anxiolytics, antide-
pressants and diagnosis or treatments for chronic painful condi-
tions. Numerous prior studies (5,7,15,25) have identified
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Figure 3. Bar graph of the variables selected in the full model and
the range of the coefficients from the least absolute shrinkage and
selection operator model predicting persistent high-dose opioid use.
Color figure can be viewed in the online issue, which is available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24559/abstract.

Table 2. Predictors of trajectories of persistent high-dose opioid
use in the reduced model in the training data*

Variable

Multivariable OR (95% CI)
persistent high dose (group 4)

vs. groups 1, 2, and 3 P†

Age, years 0.98 (0.98–0.99) <0.001
Female sex
(ref. = male sex)

0.83 (0.79–0.88) <0.001

Race
Other 1.15 (1.04–1.28) 0.008
Black 1.50 (1.36–1.66) <0.001
White (ref.) 1.00

Baseline opioid
use (MMEs/day)

1.33 (1.33–1.34) <0.001

Substance use
(yes/no)

1.14 (1.06–1.22) <0.001

Benzodiazepine
use (yes/no)

1.44 (1.32–1.57) <0.001

Anxiolytic use
(yes/no)

1.27 (1.19–1.36) <0.001

Anticonvulsant use
(yes/no)

1.25 (1.17–1.33) <0.001

Antidepressant
use (yes/no)

1.16 (1.10–1.23) <0.001

NSAID use (yes/no) 1.21 (1.15–1.27) <0.001

* 95% CI = 95% confidence interval; MMEs = morphine milligram
equivalents; NSAID = nonsteroidal antiinflammatory drug;
OR = odds ratio; ref. = reference.
† Values are significant.
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baseline opioid use as an extremely strong predictor of future
opioid use, and this finding was also observed in our study, even
after excluding patients with high-dose opioid use at baseline.
Although the final model selected 22 predictors, only minimal
gains were observed beyond adding baseline opioid use, with
the most regularized model only selecting 13 predictors. Black
race (compared to White race) was the second strongest pre-
dictor identified and is consistent with recent trends that suggest
large increases in rates of opioid overdose among older Black
men and women (26,27).

Other influential predictors were use of benzodiazepines,
which have been associated with higher rates of opioid depen-
dence and overdose in prior studies (5,28), and the presence of
chronic painful conditions (the majority of patients in the cohort
[99.5%] had a diagnosis of osteoarthritis or rheumatoid arthritis
at baseline) that require non-opioid pain medications (such as
NSAIDs or gabapentin), which have also been identified in other
studies as a predictor of future persistent opioid use (5,25).

The predictors in the reduced model focused mainly on vari-
ables that are well captured in claims, such as demographic char-
acteristics and prior medication use (including opioid use), and
thus may be more generalizable when used in other settings.
Using a simple algorithm to preoperatively identify patients at high
risk of persistent opioid use may help providers exercise appropri-
ate caution before prescribing opioids after surgery. The predic-
tive performance of our model was comparable to other studies
that have aimed to predict prolonged opioid use after orthopedic
surgeries (15,25). The tradeoff for gains in positive predictive value
to loss of sensitivity may be a worthwhile compromise, given the
scale of the opioid epidemic in the US. A greater emphasis on
perioperative interventions to improve early mobilization (such as
using an adductor canal block compared to femoral nerve block)
(29,30) and manage postoperative pain using non-opioid pain
management strategies after TKR (such as use of NSAIDs, gaba-
pentin [31], local infiltrating analgesia [32], or knee braces [32])
may be warranted for patients at high risk of future opioid
dependence.

This study includes older patients enrolled in Medicare and
thus, our findings may not be generalizable to other populations.
Patients who did not have a minimum of 30 days of follow-up after
TKR were excluded. Most of these patients (90.2%) were admit-
ted to a nursing home where it was no longer possible to track
their prescription claims; however, the demographic characteris-
tics of patients excluded were largely similar to those in the final
cohort, thus minimizing the potential for bias. While the trajectory
model empirically identified a group of patients with persistent
high-dose opioid use, it remains possible that such use is specific
to our study population and thus our prediction model may be
prone to overfitting, which highlights the need for future work to
externally validate our model using alternate data sources before
it can be translated into practice. Another limitation is that we
were not aware of the specific indication for opioid use, although

we tried to minimize this issue by excluding patients with cancer
and high-dose opioid use prior to surgery. Finally, opioid use is
captured in claims data based on filled prescriptions rather than
actual consumption, which may be susceptible to some misclas-
sification; however, this method of assessing exposure is
generally superior to physician prescribing records and patient
self-reporting (33,34).

In conclusion, in this cohort of 142,089 older patients with no
history of cancer or high-dose opioid use at baseline, 10.6%
became persistent high-dose (mean 22.4 MMEs/day) opioid
users during the year after TKR. Our prediction model developed
using Medicare claims with 10 readily available clinical factors
may help identify patients at high risk of future adverse outcomes
from persistent opioid use and dependence after TKR.
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Societal Cost of Opioid Use in Symptomatic Knee
Osteoarthritis Patients in the United States

Jamie L. Huizinga,1 Elizabeth E. Stanley,1 James K. Sullivan,1 Shuang Song,1 David J. Hunter,2 A. David Paltiel,3

Tuhina Neogi,4 Robert R. Edwards,5 Jeffrey N. Katz,6 and Elena Losina7

Objective. Symptomatic knee osteoarthritis (SKOA) is a chronic, disabling condition, requiring long-term pain
management; over 800,000 SKOA patients in the US use opioids on a prolonged basis. We aimed to characterize the
societal economic burden of opioid use in this population.

Methods. We used the Osteoarthritis Policy Model, a validated computer simulation of SKOA, to estimate the
opioid-related lifetime and annual cost generated by the US SKOA population. We included direct medical, lost pro-
ductivity, criminal justice, and diversion costs. We modeled the SKOA cohort with a mean ± SD age of 54 ± 14 years
and Western Ontario and McMaster Universities Osteoarthritis Index pain score of 29 ± 17 (0–100, 100 = worst). We
estimated annual costs of strong ($1,381) and weak ($671) opioid regimens using Medicare fee schedules, Red Book,
the Federal Supply Schedule, and published literature. The annual lost productivity and criminal justice costs of
opioid use disorder (OUD), obtained from published literature, were $11,387 and $4,264, per-person, respectively.
The 2015–2016 Medicare Current Beneficiary Survey provided OUD prevalence. We conducted sensitivity analyses
to examine the robustness of our estimates to uncertainty in input parameters.

Results. Assuming 5.1% prevalence of prolonged strong opioid use, the total lifetime opioid-related cost gener-
ated by the US SKOA population was estimated at $14.0 billion, of which only $7.45 billion (53%) were direct medical
costs.

Conclusion. Lost productivity, diversion, and criminal justice costs comprise approximately half of opioid-related
costs generated by the US SKOA population. Reducing prolonged opioid use may lead to a meaningful reduction in
societal costs that can be used for other public health causes.

INTRODUCTION

Opioid prescription practices in the US contributed to the

current opioid epidemic (1,2). In 2018, an estimated 9.9 million

persons misused prescription opioids, and 2 million met the

Diagnostic and Statistical Manual of Mental Disorders criteria

for opioid use disorder (OUD), a problematic pattern of opioid

use leading to significant impairment (3). Drug overdose is the

leading cause of accidental death in the US, killing over

70,000 individuals in 2017 alone (4,5). Furthermore, the opioid

epidemic is costly; the annual cost of opioid misuse in the US

is $61.1 billion (6). Today, opioid prescription practices

contribute to opioid misuse through increased risk of OUD

among patients prescribed opioids (7) and through diversion,

the illicit sharing of opioids by prescription recipients with

others who misuse the drugs (8).
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Opioid use for long-term pain management has driven
increases in opioid prescriptions for musculoskeletal conditions
(9), which are estimated to represent 53% of opioid prescriptions
in the US (10). Symptomatic knee osteoarthritis (SKOA) is a lead-
ing cause of chronic musculoskeletal pain for which opioids are
frequently prescribed in the US (11,12); as many as 858,000
patients with knee OA may use opioids regularly for pain manage-
ment (11,13,14). Current treatment guidelines do not recommend
opioid use for knee OA (15,16) based on a growing body of evi-
dence questioning the utility of opioids for long-term pain man-
agement (17–21). Additionally, opioid use is not cost-effective for
management of knee OA pain (21). Lastly, Zhao et al demon-
strated that, compared to other OA patients in the US, those
using opioids missed significantly more workdays, resulting in
annual incremental wage loss of $1,395 (22).

A recent analysis of data from the Medicare Current Benefi-
ciary Survey (MCBS) found that prolonged opioid use among
knee OA patients decreased from 12% in 2013 to 4% in 2016
(23). Despite these encouraging changes in opioid prescription
practices, even a small proportion of SKOA patients in the US
using opioids on a prolonged basis likely results in a large societal
cost. We aimed to estimate the annual and lifetime contribution of
opioids to knee OA–related costs. We considered the direct med-
ical cost of treatment and the cost of lost work productivity, as
well as the cost of interactions with the criminal justice system
among opioid users experiencing OUD. We also estimated the
cost of prescriptions diverted from knee OA patients to others
with OUD. Further, we aimed to illustrate how changes in opioid
prescription practices influence the overall lifetime cost of
knee OA.

MATERIALS AND METHODS

Analytic overview. We used the Osteoarthritis Policy
(OAPol) model (21,24,25), a validated microsimulation of the
natural history and treatment of SKOA, to estimate average life-
time and annual costs following initial presentation to care with
SKOA. We considered the direct medical costs of SKOA treat-
ment and treatment-related adverse events, costs of lost work
productivity related to SKOA, criminal justice costs resulting
from OUD among SKOA patients, and cost of opioids diverted
from those with SKOA for illicit use by others. We assessed
opioid-specific costs, as well as the overall costs of SKOA.
Outcomes included the lifetime and annual average cost per-
person with knee OA and national cost in the US. Annual costs
were estimated as the lifetime cost divided by the disease dura-
tion. Costs were discounted 3% annually and are reported in
2018 US$.

OAPol model. The OAPol model is a validated, state-
transition microsimulation (21,25). At the start of analysis, it
generates a cohort of hypothetical subjects whose characteris-
tics, including age, sex, race, body mass index (BMI), and OA
severity, are determined based on user-specified distributions.
We define subjects’ radiographic OA severity using the Kellg-
ren/Lawrence grading scale (26) and pain severity using the
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) pain subscale (0 = no pain, 100 = worst pain)
(27). The OAPol model uses Monte Carlo simulation to transi-
tion persons among health states defined by knee OA severity
and comorbidities and tracks the associated annual costs
throughout the model analysis.

Subjects with SKOA experience a progression of OA treat-
ment, including pharmacologic pain management, glucocorticoid
injections, and total knee arthroplasty (TKA) (Figure 1 and Supple-
mentary Appendix A, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24581,
with Supplementary Figure 1 and Supplementary Tables 1–12).
These treatments reduce subjects’ pain and are associated with
costs and adverse events. Each year, the model determines the
cost each subject has incurred from SKOA pain and treatment.
Model outcomes include the average lifetime opioid-attributable
and knee OA–attributable medical and nonmedical costs in per-
sons with SKOA.

Cohort characteristics. In this analysis, we simulated
subjects from initial presentation to care for SKOA until death.
The demographic characteristics were derived from National
Health Interview Survey respondents with knee OA (see Supple-
mentary Table 13, available on the Arthritis Care & Researchweb-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24581) (25).
Average pain and pain levels were derived from the Osteoarthritis
Initiative after adjusting for age, sex, race, and BMI. At simulation

SIGNIFICANCE & INNOVATIONS
• Although opioids are not recommended for knee

osteoarthritis (OA) pain management, recent data
suggest that 858,000 knee OA patients in the US
use opioids regularly.

• We used the Osteoarthritis Policy Model to estimate
the opioid-related and overall costs of knee OA and
the distribution of those costs between direct medi-
cal outlays, lost time and productivity, diversion,
and criminal justice.

• We estimate that almost half of the $14 billion total
societal cost of opioid use among persons with
symptomatic knee OA is being used to pay for lost
work productivity, criminal justice, and diversion
activities that are not directly connected to pain
management and clinical care.

• Using a novel computer simulation model and data
from national sources, this study offers new evi-
dence of the magnitude of the societal burden gen-
erated by opioid use and misuse.
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start, the cohort had mean ± SD age of 54 ± 14 years, mean
± SD BMI of 30.5 ± 6.8 kg/m2, and mean ± SD WOMAC pain
score of 29 ± 17 (see Supplementary Table 13) (25).

OA progression. We estimated the annual probability of
progressing to a higher Kellgren/Lawrence grade, stratified by
sex and obesity status, using published data from the Johnston

Figure 1. Percent of knee osteoarthritis (OA) population using strong opioids. A, Total lifetime opioid-related cost. B, Total annual opioid-
related cost. The percent of the knee OA population using strong opioids varies at 1.8%, 4.2%, 5.1% (base case), 8.2%, and 11.6%, with
values based on data from the years 2020 (estimate), 2016, 2015–2016, 2015, and 2013, respectively, of the Medicare Current Beneficiary
Survey. The total lifetime (A) and annual (B) opioid-related cost for the knee OA population increases as strong opioid utilization increases, as
does each component of the total cost: direct medical, diversion, lost productivity, and criminal justice cost. The total opioid-related cost is
labeled above each bar.
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County Osteoarthritis Project calibrated to published literature
(28). We modeled pain trajectories derived from Osteoarthritis
Initiative data (see section 1 of Supplementary Appendix A, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24581).

Knee OA treatment characteristics. Details of the
derivation of input parameters for the oral nonsteroidal antiinflam-
matory drugs (NSAIDs)/physical therapy/braces, glucocorti-
coid injection, and TKA regimens have been published (25).
We modeled intermittent analgesic use (ibuprofen, acetamino-
phen, opioids) to control pain flares (annual cost $65) when
patients did not respond to 1 intervention but had not yet
started the next (29–32). Below, we highlight data pertinent to
opioid use. Section 3 of Supplementary Appendix A, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24581, describes relevant derivations.

Opioids. In this analysis, we modeled a scenario in which
opioid-using patients start with weak opioids (e.g., tramadol)
and those whose pain is not controlled proceed to strong opioids
(e.g., oxycodone). Only subjects with a WOMAC pain score of
>40 were eligible for opioid interventions. Using data from the
MCBS, we estimated that 5.13% of knee OA patients use strong
opioids on a prolonged basis (>5 prescriptions annually of fenta-
nyl, hydrocodone/acetaminophen, hydromorphone, morphine,
oxycodone, or oxycodone/acetaminophen) (14).

The efficacy, adverse events, and costs of opioids (weak and
strong) are presented in Supplementary Table 13, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24581. We estimated the decrement in
pain during opioid use from a published meta-analysis, modeling
weak opioids after tramadol and strong opioids after oxycodone
and hydromorphone (17). We assumed that the annual likelihood
that weak and strong opioids would stop providing pain relief was
12% and 24%, respectively (33). Based on expert clinical opinion,
we assumed that subjects would visit their health care provider
2 and 6 times annually while using weak and strong opioids,
respectively (21). We estimated the annual pharmaceutical cost
of weak and strong opioids using data for tramadol and oxyco-
done, respectively. We modeled the annual cost of provider visits
and pharmaceuticals to be $671 and $1,381 while using weak
and strong opioids, respectively (29–31,34).

Weak opioid use carried a risk of fracture, excess all-cause
mortality, somnolence, nausea, and constipation (21,35). Strong
opioid use carried these same toxicities, as well as cardiovascular
events (myocardial infarction, stroke, congestive heart failure, and
cardiac death), OUD, and opioid overdose (18,21,35). The proba-
bilities and costs of these toxicities are reported in Supplementary
Table 13, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24581. Toxicity
probabilities were estimated using published data and data from
the MCBS, as outlined in section 3 of Supplementary

Appendix A, available at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24581. Based on a published study of opioids, we
modeled that 22% of subjects would discontinue opioid use due
to toxicity in the first year (36); we assumed that these subjects
would cease to incur opioid-related costs and would not subse-
quently be prescribed another opioid.

TKA following prolonged opioid use. The details of the TKA
efficacy, adverse events, and costs used in OAPol have been pub-
lished (25). In this analysis, based on published data, subjects who
used opioids on a prolonged basis prior to TKA experienced an
8.9% lower decrement in pain following TKA (19). The rate of revi-
sion in the year following surgery was 58% higher among those
who used opioids on a prolonged basis prior to TKA compared to
those who did not receive opioid therapy (20). Based on published
data, we modeled a 0.15% and 0.02% probability of opioid over-
dose in the year of TKA for those who used opioids on a prolonged
basis prior to TKA and those who did not, respectively (20).

Nonmedical costs. Costs of lost work productivity. In this
analysis, we considered the cost from lost wages due to knee OA
pain, opioid use, OUD, and TKA. Based on published literature,
we estimated that workers with a WOMAC pain score of >40
incurred an annual cost of $1,785 as a result of knee pain–related
absenteeism and that workers with pain between 15 and
40 incurred 50% of this cost annually (see section 4.1 of Supple-
mentary Appendix A, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24581).
We assumed a $0 cost for knee OA patients not participating in
the labor market. In the simulation, subjects were assigned the aver-
age annual cost (across workers and nonworkers) for their age and
pain group (see section 4.1 of Supplementary Appendix A and Sup-
plementary Table 13, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24581).
Using the same methodology, we estimated the average cost in
the year of primary and revision TKA to be $3,631 and $3,947,
respectively (see section 4.2 of Supplementary Appendix A, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24581), and the annual
average cost during strong opioid use to be $687 (see section 4.3
of Supplementary Appendix A) (22). We modeled that those who
experience OUD would incur the average 1-year cost associated
with OUD in the US, which was $11,387 (6).

Criminal justice. OUD has been shown to lead to costs via
property damage, police protection, legal proceedings, and
imprisonment resulting from increased rates of drug law viola-
tions, including unlawful possession or distribution of narcotics,
and other opioid-attributable crimes, such as burglary (6). We
modeled criminal justice costs among SKOA patients with OUD
as the average annual criminal justice cost resulting from OUD in
the US. We estimated this value to be $4,264 (the reported
national OUD-related criminal justice cost [$8.25 billion] divided
by the number of persons experiencing OUD [1.935 million]) (6).
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Diversion. We considered the cost of opioid misuse by per-
sons who illicitly obtained opioids prescribed to SKOA patients.
The 2013 National Survey on Drug Use and Health reported that
67.6% of personsmisusing prescription pain relievers obtained their
last pill from a friend or family member (37), which we assumed to
be the percentage of misused opioids obtained through diversion.
We calculated the cost of diversion as the national cost of OUD
($61.1 billion) (6) multiplied by the percentage of misused opioids
obtained through diversion (67.6%) (37). Using these data and the
estimated number of annual opioid prescriptions in the US (207 mil-
lion) (1), we estimated the national annual cost of diversion ($41.3
billion) (6,37) and the cost of diversion per opioid prescription
($199). We estimated the average annual cost of diversion attribut-
able to SKOA patients by multiplying the per-prescription diversion
cost with the average number of annual strong opioid prescriptions
(11.23) among prolonged opioid users with SKOA (14). Of the
$2,241 total annual cost of opioid diversion from SKOA patients,
$1,130, $808, and $303were attributed to direct medical, lost work
productivity, and criminal justice costs, respectively (1,6,14,37).

Population-level estimates.We estimated the total knee
OA–attributable and opioid-attributable costs generated by
SKOA patients in the US by multiplying the average cost per-
person (predicted by the OAPol model) by the number of persons
with SKOA in the US, estimated at 16.8 million using published
methods (11) and data from the US Census Bureau (13) and
National Health and Nutrition Examination Survey (38). We esti-
mated annual costs as the lifetime cost divided by the disease
duration predicted by the OAPol model.

Sensitivity analyses. To examine the robustness of our
findings in the face of data uncertainty, we varied key model input
parameters individually in sensitivity analyses (see section 5 of Sup-
plementary Appendix A, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24581).
We varied the percentage of SKOA patients using opioids,

considering opioid utilization rates from 2013 (11.6%), 2015
(8.2%), and 2016 (4.2%) (14), as well as further decline to 1.8%,
the predicted utilization in 2020 (see section 5.1 of Supplementary
Appendix A). We ran simulations wherein we used alternative
methods to derive the cost of opioids, using data from the National
Average Drug Acquisition Cost (NADAC) (39) and from the Centers
for Medicare and Medicaid Services (CMS) prescription drug for-
mulary (40). We estimated costs in the scenario wherein weak opi-
oid use was associated with the same annual lost work productivity
cost as strong opioid use. As an analysis reported that undiag-
nosed OUD cases may outnumber diagnosed cases 2 to 1 (41),
we conducted analyses wherein subjects experienced undiag-
nosed OUD at twice the rate of diagnosed OUD. We assumed that
undiagnosed OUD would result in the same cost as diagnosed
OUD but would not cause subjects to cease receiving opioid pre-
scriptions for knee OA. As the average criminal justice cost among
persons with OUDwas derived from a population younger than the
SKOA population (6,28,42), we conducted a sensitivity analysis
with reduced criminal justice cost of OUD and overdose to half
the base-case value. We varied the number of opioid prescriptions
diverted from strong opioid users annually within our base-case
estimates’ 95% confidence interval (8.8 to 13.7 prescriptions)
(14). Additionally, we created the best, or least costly, scenario
(NADAC-derived opioid cost, no undiagnosed OUD, lower esti-
mate of diverted opioid prescriptions, and no annual lost productiv-
ity cost of weak opioids) and the worst, or costliest, scenario (CMS-
derived opioid cost, undiagnosed OUD, annual lost productivity
cost of weak opioids, and highest estimate of diverted opioid pre-
scriptions). As the prevalence of SKOAmay be higher (43), we esti-
mated national costs using a 50% higher prevalence of SKOA.

RESULTS

Lifetime opioid-related cost per SKOA opioid user.
We estimated a total lifetime opioid-related cost per opioid user
in the knee OA population of $13,770 (Table 1). Direct medical

Table 1. Lifetime opioid-related and knee OA overall cost*

For knee OA population
Per knee OA patient, regardless

of opioid use

Costs

Per knee OA
opioid user

opioid-related, $†
Opioid-

related, $B‡
OA

overall, $B‡
Opioid-
related, $

OA
overall, $

Attribution of
opioid-related
to OA overall

cost, %§

Direct medical 6,390 (46) 7.45 (53) 188 (57) 450 11,250 4
Lost productivity 2,300 (17) 2.04 (15) 137 (42) 120 8,210 1
Criminal justice 320 (2) 0.288 (2) 0.288 (0.1) 20 20 100
Diversion 4,760 (35) 4.19 (30) 4.19 (1) 250 250 100
Total, $ 13,770 14.0 $B 330 $B 840 19,730 4

* Values are the cost (%) unless indicted otherwise. OA = osteoarthritis.
† Percent of the total cost of the column.
‡ Percent of the total cost of the column. Costs are in billions of US$ (2018 $).
§ Percent opioid-related cost of the OA overall cost for each knee OA subject.
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costs comprised 46% ($6,390) of opioid-related cost, costs due
to lost work productivity comprised 17% ($2,300), diversion costs
comprised 35% ($4,760), and criminal justice costs comprised
2% ($320).

Lifetime opioid-related and SKOA-related cost per
SKOA patient. We estimated the average total lifetime opioid-
related cost per SKOA patient (including both those who did and
did not use opioids) at $840, which comprised 4% of the overall
lifetime cost of SKOA per SKOA patient ($19,730) (Table 1). We
estimated the direct medical cost of opioids at $450 per SKOA
patient, contributing 4% of the direct medical cost of SKOA over-
all ($11,250). At $120 per SKOA patient, the opioid-attributable
cost of lost work productivity comprised 1% of the cost of lost
productivity of SKOA overall ($8,210). We estimated the diversion
cost at $250 per SKOA patient and the criminal justice cost
at $20.

Population-based lifetime opioid-related and SKOA-
related cost. Assuming 5.1% of the SKOA population used
strong opioids, the total lifetime opioid-related cost in the US
SKOA population was estimated at $14.0 billion (Table 1). Of the
opioid-related cost, $7.45 billion (53%) were due to direct medical
costs, $2.04 billion (15%) to lost productivity costs, $4.19 billion
(30%) to diversion costs, and $288 million (2%) to criminal justice
costs. The national lifetime cost of SKOA was estimated at $330
billion: $188 billion of direct medical costs (including the cost of
opioids and other SKOA treatments such as TKA), $137 billion

of lost productivity costs, $4.19 billion of diverted opioid prescrip-
tions, and $288 million of criminal justice costs (Table 1).

Annual opioid-related and SKOA-related cost for
SKOA population and per SKOA patient. The total annual
opioid-related cost for the knee OA population was estimated at
$498 million per year (Table 2); the annual cost of SKOA overall
was $11.8 billion. A total of $266 million of the annual opioid-
related cost was due to the direct medical costs ($6.71 billion for
SKOA overall), $73 million to the lost productivity costs ($4.90 bil-
lion SKOA overall), $149 million to the diversion costs (for opioid-
related and SKOA overall), and $10 million to the criminal justice
costs (for opioid-related and SKOA overall). The average annual
opioid-related cost per SKOA patient, regardless of opioid use,
was $30 and the average annual SKOA-related cost per SKOA
was $700 (Table 2).

Sensitivity analyses. Varying the prevalence of SKOA in
the US population. When we increased the prevalence of SKOA
in the US by 50%, the total lifetime opioid-related cost for the knee
OA population increased from $14.0 billion to $21.0 billion: $11.2
billion of direct medical cost, $3.06 billion of lost productivity,
$431 million of criminal justice, and $6.29 billion of diversion.
Additionally, the average lifetime SKOA-related cost increased
from $330 billion to $495 billion.

Varying strong opioid utilization by SKOA patients. As we
varied the percent of subjects using strong opioids from 1.8%
(2020) to 11.6% (2013), the total lifetime opioid-related cost for

Table 2. Annual opioid-related and OA overall cost*

Per knee OA patient,
regardless of opioid use For knee OA population

Costs Opioid-related, $ OA overall, $ Opioid-related, $B† OA overall, $B†

Direct medical 16 400 0.266 6.71
Lost productivity 4 290 0.073 4.90
Criminal justice 1 1 0.010 0.010
Diversion 9 9 0.149 0.149
Total 30 700 0.498 11.8

* OA = osteoarthritis.
† Values are in billions of US$ (2018 $).

Table 3. Lifetime population cost of knee osteoarthritis overall by varying percent of population using strong
opioids*

Costs
1.8%

(est. 2020)†
4.2%
(2016)

Base case 5.1%
(2015–2016)

8.2%
(2015)

11.6%
(2013)

Direct medical 187 188 188 189 190
Lost productivity 137 137 137 138 138
Criminal justice 0.102 0.228 0.288 0.451 0.628
Diversion 1.42 3.30 4.19 6.59 9.22
Total 326 329 330 334 338

* Values are in billions of US$ (2018 $).
† Year of Medicare Current Beneficiary Survey for opioid utilization data.
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the SKOA population increased from $6.1 billion to $28.5 billion
(Figure 1A). The overall lifetime SKOA-attributable cost for the
SKOA population increased from $326 billion to $338 billion as
opioid utilization increased from 1.8% to 11.6%; the direct
medical, diversion, lost productivity, and criminal justice costs
each increased to varying degrees with the increase in opioid
utilization (Table 3). The non-opioid related estimated lifetime cost
of SKOA decreased from $320 billion to $309 billion as opioid use
increased. The total annual opioid-related cost for the SKOA
population increased from $216 million to $1.02 billion as opioid
utilization increased from 1.8% to 11.6% (Figure 1B).

Varying prevalence of undiagnosed OUD, pharmaceutical
cost of opioids, lost productivity cost of weak opioids, number of
diverted opioid prescriptions, and criminal justice cost of OUD

and overdose. Under the best-case scenario with the lowest
value of all parameters varied, the total lifetime opioid-related
cost generated by the knee OA population was estimated at
$10.5 billion and the worst-case estimate with the highest value
of all parameters varied at $21.9 billion (Figure 2). As we increased
the ratio of undiagnosed to diagnosed cases of OUD from 0:1 to
2:1, the direct medical costs increased by 12%, the lost produc-
tivity costs doubled, and the criminal justice opioid-related costs
quadrupled. The lost productivity opioid-related costs increased
by 82% when the annual lost productivity cost was applied to
weak opioids. The direct medical opioid-related costs increased
by 18% when the annual pharmaceutical cost of weak and strong
opioids was derived using NADAC data and decreased by 32%
when the cost was derived using CMS data. The diversion costs

Figure 2. Sensitivity analysis of lifetime opioid-related cost in the knee osteoarthritis (OA) population. In all scenarios, 5.1% of the knee OA pop-
ulation used strong opioids. The base-case scenario included a 0:1 ratio of undiagnosed to diagnosed cases of opioid use disorder (OUD), 11.2
diverted strong opioid prescriptions per year, annual criminal justice of OUD and overdose of $4,264, annual pharmaceutical costs of weak opioids
of $671 and strong opioids of $1,381, and annual lost productivity cost of weak opioids of $0. These parameters were varied individually. The cost
was also calculated when the highest value of all parameters was used and the lowest value of all parameters was used. The total opioid-related
cost is labeled next to each bar. OD = overdose.
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increased and decreased by 22% when the number of diverted
opioid prescriptions was raised and lowered to the 95% confi-
dence interval bounds. When we halved the criminal justice
cost due to OUD and overdose, the estimated total lifetime
opioid-related cost decreased by $200 million.

DISCUSSION

Although current guidelines do not recommend opioid use
for knee OA pain management (15,16), we estimate that the US
knee OA population generates $14.0 billion in opioid-related
costs over their lifetime, approaching $0.5 billion annually. This
amount represents 4% of all SKOA-related costs. The lost
productivity, criminal justice, and diversion costs of opioid use
accounted for almost half ($6.52 billion) of the total opioid-related
population cost. Diverted opioid prescriptions alone comprised
35% of the lifetime opioid-related cost for each SKOA opioid user.
As utilization of strong opioids among the SKOA population
decreased from 11.6% to 1.8% between 2013 and 2020, the
total lifetime opioid-related cost decreased from $28.5 billion to
$6.1 billion.

Though opioids are used frequently for noncancer pain and
knee OA is a prevalent condition in the US population (11,44), there
is a paucity of literature examining the cost of prolonged opioid use
in the knee OA population. Use of opioids has been associated
with higher health care costs in a general OA population (22). The
accumulating evidence on the lack of cost-effectiveness of opioids
has prompted the question of whether to continue prescribing opi-
oids for knee OA (21). In addition to being costly, prolonged opioid
use has been associated with worse outcomes of TKA, an effective
treatment for SKOA (19,20). Current guidelines for knee OA treat-
ment do not recommend opioid use (15,16). Our report furthers
evidence of the substantial societal cost generated by prescription
opioid use and misuse and details the lifetime and annual costs of
the knee OA population while incorporating the lost productivity,
diversion, and criminal justice costs.

The results of our analysis should be interpreted within the
context of its limitations. To portray multiple aspects of knee OA
natural history, we used multiple data sources, as no single data
source captured all data needed for the model. In the OAPol
model, subjects proceed sequentially through treatments,
although this pattern may not reflect clinical reality. Our opioid reg-
imen input data were derived from short-term studies; thus, we
assumed the durability of weak opioids to be similar to that of
NSAIDs and strong opioids to be twice that of NSAIDs. Similarly,
we made assumptions about the long-term rates of opioid-
related adverse events (see section 3.4 of Supplementary
Appendix A, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24581). We
estimated the percentage of SKOA patients who use strong opi-
oids and the rates of OUD and overdose among strong opioid
users from the MCBS, cross-sectional data including only SKOA

patients age >65 years; we extended these data to SKOA
patients age <65 years. Our estimated rate of OUD does not
include undiagnosed cases. Our estimated rate of overdose is
not specific to the knee OA population. We do not model a sce-
nario in which OUD increases the risk of mortality in the absence
of overdose. We assume that those who overdose will cease to
receive opioid prescriptions, although this assumption may not
reflect reality (45). The lost productivity, criminal justice, and diver-
sion costs of OUD and overdose were derived from the published
cost of opioid misuse in the entire US. Our estimates of lost pro-
ductivity costs are likely conservative, as we did not consider
other knee OA–related productivity losses, such as those attribut-
able to relatives who assist knee OA patients with activities of daily
living.

Our results provide additional evidence of the substantial
economic burden of opioid use for knee OA pain management
and the potential savings from preventing opioid use, supporting
guidelines recommending against such use. Reducing opioid
use may lead to lower opioid-related and overall knee OA costs
for knee OA opioid users and the US SKOA population. We found
that opioid-related costs decrease when there are fewer diverted
opioid prescriptions and the pharmaceutical cost of opioids is
lower. If there is a higher number of undiagnosed OUD cases or
if weak opioids carry a lost productivity cost, the cost for the knee
OA population will be larger. These parameters were varied in our
report to better understand the uncertainty of our estimates but
also may be areas to target in reducing the opioid-related cost in
the US.

Taking into consideration the ongoing opioid crisis when
examining opioid use in the US knee OA population is important;
drug overdoses are currently the largest cause of accidental
death in the US (4,5). Opioid prescriptions for musculoskeletal
pain have substantially contributed to opioid misuse in the US
(46). Encouragingly, the prevalence of opioid use among those
with knee OA has decreased each year from 2013 to 2016 (23),
resulting in an estimated $20 billion decrease in lifetime knee
opioid-related costs. These data document the substantial
impact that can be achieved by providing alternatives to opiates
for knee OA pain management. Several centrally acting regimens,
such as duloxetine and gabapentin, as well as biologics such as
tanezumab, have been examined as alternatives to opiates in the
treatment of knee osteoarthritis (47,48). Further research, which
may include review of electronic medical records and registries
of opioids prescription, should be performed to identify the best
alternatives, and we should work to educate health care providers
and knee OA patients on the use of opiates in this population.
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Application of Heterogeneity of Treatment-Effects Methods:
Exploratory Analyses of a Trial of Exercise-Based
Interventions for Knee Osteoarthritis

Cynthia J. Coffman,1 Liubov Arbeeva,2 Todd A. Schwartz,3 Leigh F. Callahan,2 Yvonne M. Golightly,2

Adam P. Goode,4 Kim M. Huffman,5 and Kelli D. Allen6

Objective. To evaluate heterogeneity of treatment effects in a trial of exercise-based interventions for knee
osteoarthritis (OA).

Methods. Participants (n = 350) were randomized to standard physical therapy (PT; n = 140), internet-based
exercise training (IBET; n = 142), or wait list (WL; n = 68) control. We applied qualitative interaction trees (QUINT), a
sequential partitioning method, and generalized unbiased interaction detection and estimation (GUIDE), a regression
tree approach, to identify subgroups with greater improvements in Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) score over 4 months. Predictors included 24 demographic, clinical, and psychosocial
characteristics. We conducted internal validation to estimate optimism (bias) in the range of mean outcome differences
among arms.

Results. Both QUINT and GUIDE indicated that for participants with lower body mass index (BMI), IBET was better
than PT (improvements of WOMAC ranged from 6.3 to 9.1 points lower), and for those with higher BMI and a longer
duration of knee OA, PT was better than IBET (WOMAC improvement was 6.3 points). In GUIDE analyses comparing
PT or IBET to WL, participants not employed had improvements in WOMAC ranging from 1.8 to 6.8 points lower with
PT or IBT versus WL. From internal validation, there were large corrections to the mean outcome differences among
arms; however, after correction, some differences remained in the clinically meaningful range.

Conclusion. Results suggest there may be subgroups who experience greater improvement in symptoms from PT
or IBET, and this finding could guide referrals and future trials. However, uncertainty persists for specific treatment-
effects size estimates and how they apply beyond this study sample.

INTRODUCTION

Physical therapy (PT) and exercise-based interventions are

core components of knee osteoarthritis (OA) treatment (1,2).

However, overall effects of these interventions tend to be modest,

with substantial variability across patients (3–5). Patients with OA

differ substantially from one another in clinical, biomechanical,

and psychosocial characteristics that can impact the effective-

ness of exercise-based interventions (6). In addition, there are

many different types of exercise-based interventions that vary in

terms of intensity, duration, delivery mode, amount of supervision,

exercise types, and physiologic targets (3). There is little
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understanding of which types of exercise-based interventions

work best for different patients with OA. This gap in knowledge

limits our ability to advise patients regarding the exercise-based

intervention they may benefit from most, as well as limiting our

ability to effectively target interventions in a population-based

manner. Consistent with the goals of precision or personalized

medicine (7), the OA community needs to develop an under-

standing of the “right treatment for the right patient at the right

time,” in the context of exercise-based interventions, to maximize

effectiveness.
Exploratory analyses of previous trials provide some evi-

dence that responses to exercise-based interventions for OA
may vary according to patient characteristics such as age, sex,
pain severity, strength, function, malalignment, radiographic
severity, and psychological variables (8–12). However, those
analyses have focused on a limited set of potential moderators,
since the typical statistical approach of adding interaction terms
limits inclusion of a large number of candidate variables. In addi-
tion, evaluating potential treatment moderators singly may fail to
identify important combinations of variables (13–15). For exam-
ple, a given exercise-based intervention may be beneficial for
older adults who have low strength levels and low-to-moderate
pain severity, or effects of specific interventions may differ based
on different OA phenotypes (16). New data-driven methods allow
exploration of multidimensional subgroups that exhibit heteroge-
neous treatment effects (15,17–20), and these methods can
deepen our understanding of patients’ responses to exercise-
based interventions.

We recently completed the Physical Therapy versus Internet-
Based Exercise Training for Patients with Knee Osteoarthritis
(PATH-IN) randomized clinical trial that compared PT and an
internet-based exercise training (IBET) program, both relative to

a wait list (WL) control group (21,22). We found that the effects
of PT and IBET were similar to each other and did not differ signif-
icantly from WL for the primary outcome of Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) total score
in the overall sample. However, a prespecified aim of the trial
was to evaluate heterogeneity of treatment effects to understand
whether either PT or IBET may have benefits for subgroups of
patients compared to each other or to WL. In this article, we
applied 2 different advanced statistical methods to explore het-
erogeneity of treatment effects in the PATH-IN study.

MATERIALS AND METHODS

The PATH-IN study randomized individuals with knee OA to
standard PT (n = 140), IBET (n = 142), or WL (n = 68) in a 2:2:1
allocation (21,22). The study was approved by the Institutional
Review Board of the University of North Carolina at Chapel Hill.

Overview of heterogeneity of treatment-effects
methods. Recursive partitioning methods are the underpinning
for many data-driven heterogeneity of treatment-effects methods
(15,17,23). The basic idea is to create trees that classify patients
into subgroups based on independent variables, where treatment-
effects sizes are large, are in opposite directions, or meet some
difference threshold. The methods are recursive because each
subpopulation may be split again until some stopping criterion is
reached.

When selecting from among heterogeneity of treatment-
effects methods, careful attention must be paid to the specific
research question being addressed (15,17–20). The first question
we addressed dealt with 2 active treatments (PT and IBET),
exploring which treatment worked better for whom. This
approach is known as a qualitative subgroup interaction, where
one treatment may work better for one subgroup, while another
treatment may be better for another (18,24). Qualitative interac-
tion trees (QUINT) is a sequential partitioning method that iden-
tifies whether or not qualitative subgroup effects are present,
and, if so, partitions the sample into 3 potential subgroups: treat-
ment A is better than B, treatment B is better than A, or neither
treatment is better (18,24). The second question we addressed
dealt with which subgroups showed the greatest improvement,
relative to a control group. Exploring which treatment works bet-
ter for whom is known as a quantitative subgroup interaction,
which occurs when a treatment produces large improvements in
outcomes for some patients but little to no improvement for
others (19,20). We explored which subgroups showed the great-
est WOMAC score improvement in IBET compared to PT. We
also explored which subgroups showed the greatest WOMAC
score improvement compared to WL, including PT, IBET, and
WL in 1 model. Generalized unbiased interaction detection and
estimation (GUIDE) is a regression tree approach that identifies
whether or not quantitative subgroup effects are present, and,

SIGNIFICANCE & INNOVATIONS
• This study is the first to use statistical methods of

qualitative interaction trees (QUINT) and general-
ized unbiased interaction detection and estimation
(GUIDE) to examine heterogeneity of treatment
effects for different exercise-based treatments
among individuals with knee osteoarthritis (OA).

• Both QUINT and GUIDE indicate that for partici-
pants with lower body mass index, an internet-
based training program (IBET) was better than
physical therapy (PT); for those with higher body
mass index and longer duration of knee OA symp-
toms, PT was better than IBET.

• GUIDE analysis indicated that participants who
were not employed had greater improvements with
PT or IBET, relative to usual care.

• In heterogeneity of treatment-effects analyses with
small samples, internal validation provides guid-
ance for interpreting and applying results.
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if so, partitions the sample into subgroups with differential treat-
ment effects (20).

Predictor variable selection. The potential predictors
were collected at baseline, prior to randomization. We selected
the most relevant variables based on our experience and evi-
dence from previous studies (5,8–12). Following examination of
missing data and correlations between predictor variables,
24 candidate variables were selected (see Supplementary
Table 1, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24564). Due to
missing data in included covariates, we excluded n = 5 partici-
pants; the final sample was: PT arm (n = 138), IBET arm
(n = 140), and WL control (n = 67).

Heterogeneity of treatment-effects methods. The
outcome for our analyses was change from baseline in WOMAC
total score (the primary study outcome) at 4 months; a negative
change indicates improvement in WOMAC. At 4 months, 45 par-
ticipants missed follow-up assessment; we used empirical best
linear unbiased prediction estimates from linear mixed-effects
models as a single imputation for the 4-month outcome and then
calculated the change score (25).

We first applied QUINT (see Supplementary Appendix A,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24564, for details on the
algorithm), which is implemented with the package quint in R soft-
ware, version 3.5.1 (26). In our analyses, we used the “difference
in means” option for the outcome and the default options for par-
titioning criteria: minimum absolute effect size of 0.3 and equal
weighting of effect size difference and cardinality component for
determining splits (18). We set the minimum sample size per treat-
ment arm per subgroup at 15 (i.e., total minimum subgroup
n = 30), which is close to the default option of 10%. We also ran
an analysis in which we increased the minimum sample size per
treatment arm per subgroup to 20 (for a total n = 40). Finally, for
all analyses, we used the prune.quint function to reduce overfit-
ting and to select the optimal tree with the optimal number of sub-
groups. The number of bootstrap samples was 25, and as a
sensitivity analysis we also set the number of bootstraps to 100;
results were similar.

We then applied GUIDE (see Supplementary Appendix A,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24564, for details on the
algorithm), using the subgroup identification approach (Gi option),
which is implemented with the package GUIDE (http://pages.stat.
wisc.edu/~loh/guide.html). We set the minimum sample size per
treatment arm per subgroup to n = 15 and n = 20 in respective
iterations of the algorithm. We used GUIDE in an analysis that
included only the 2 active treatments, and also in a second analy-
sis that included all 3 treatment arms. Pruning in GUIDE was
applied with cross validation (19).

The conclusion of a QUINT implementation yields values of
the baseline variables that define the subgroups, with mean dif-
ferences and sample sizes for each of the treatments in each
subgroup. An implementation of GUIDE yields the values of the
baseline variables that define the subgroups, estimated mean
differences between treatment groups adjusted for covariates
in the model, and sample sizes for each treatment in each sub-
group. The mean difference (4-month WOMAC score minus
baseline WOMAC score) between treatment groups for both
QUINT and GUIDE when only 2 active arms are included is pre-
sented as IBET mean difference minus PT mean difference,
where a negative value indicates greater improvement for IBET
over PT, and a positive value indicates greater improvement for
PT over IBET. The mean differences between treatment groups
for GUIDE when all 3 arms are included are presented as IBET
mean difference minus WL mean difference and as PT mean dif-
ference minus WL mean difference, where a negative value indi-
cates greater improvement for IBET or PT compared to WL, and
a positive value indicates greater improvement for WL compared
to IBET or PT.

We then conducted an internal validation for both QUINT and
GUIDE analyses via bootstrap resampling to estimate optimism or
bias in the range of mean outcome differences between pairs of
arms in the final selected tree (i.e., the apparent range) due to
overfitting and to provide a bias-corrected estimate (27). We fol-
lowed the steps as outlined in Section C.2 of the web appendix
of Dusseldorp and Mechelen (see Supplementary Appendix A,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24564, for details) (18).

RESULTS

QUINT results. Descriptive statistics for the 24 predictor
variables, overall and by treatment arm, are shown in Table 1.
Figure 1 shows the pruned tree (unpruned tree was the same)
from QUINT when the minimum subgroup size was n = 40 total
participants (i.e., at least n = 20 in each arm), which contains
4 subgroups. For the 2 subgroups that had greater improvement
in IBET than PT (red), mean differences in WOMAC scores were
7.2 and 6.3 points lower in IBET compared to PT. The first sub-
group (n = 44) was body mass index (BMI) ≤24.31 kg/m2 and
the second (n = 57) was defined by a combination of BMI
(>24.31 kg/m2), duration of OA symptoms (≤9.5) years, and
Social Support for Exercise score (≤56.5 points). For the 2 sub-
groups with greater improvement in PT than IBET (green), mean
differences in WOMAC scores were 3.1 points and 6.3 points
lower in PT compared to IBET. The first subgroup (n = 50) was
defined by a combination of BMI (>24.31 kg/m2), duration of OA
symptoms (≤9.5 years), and Social Support for Exercise score
(>56.5 points), and the second subgroup (n = 127) was defined
by BMI (>24.31 kg/m2) and duration of OA symptoms
(>9.5 years).
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Figure 2 shows the pruned tree (the unpruned tree had an
additional split for subgroup 4) from QUINT when the minimum
subgroup size was n = 30 total participants (i.e., at least n = 15
in each arm), which contains 5 subgroups. For the 3 subgroups
that had greater improvement with IBET than PT (red), mean dif-
ferences in WOMAC scores were 9.1, 8.0, and 4.9 points lower
in IBET than PT. One subgroup (n = 38) was composed of individ-
uals with lower BMI, with a cutoff similar to the QUINT analysis,
with a minimum subgroup size of n = 40 (i.e., 23.94 kg/m2). The
second group (n = 33) had higher BMI (>23.94 kg/m2) and youn-
ger age (≤55.54 years), and the third subgroup (n = 42) included
older individuals (age >72 years) with better performance on
chair stands (>8.5 stands). For the 2 subgroups that had greater
improvement with PT than IBET (green), mean differences in
WOMAC scores were 9.6 and 4.7 points lower in PT than IBET.
One group (n = 86) included participants with higher BMI
(>23.94 kg/m2) and worse performance on the 30-second chair
stand (≤8.5 stands), and the other group (n = 79) had higher
BMI (>23.94 kg/m2), age between 55.5 and 72.0 years, and bet-
ter performance on the 30-second chair stand (>8.5 stands).

QUINT internal validation. For the QUINT analysis inter-
nal validation when the minimum subgroup size was n = 40 total
participants (i.e., at least n = 20 in each arm), the apparent range,
the difference between the largest negative difference in means
between arms in a subgroup (−7.2), and largest positive differ-
ence in means between arms in a subgroup (6.3), was −13.5
(see Supplementary Table 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24564). When this apparent range (−13.5) was corrected
for estimated optimism, it was reduced to −4.5, well below the
−8.0 that we would deem as a clinically meaningful difference
in WOMAC change (28). Similarly, for the QUINT procedure
when the minimum subgroup size was n = 30 participants
(at least n = 15 in each arm), we found a large reduction in
the apparent range from −18.7 to −9.0 when corrected for esti-
mated optimism (see Supplementary Table 2, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24564). However, this
corrected apparent range of −9.0 was above the minimum range
expected and was indicative of clinically meaningful difference in
WOMAC change.

Table 1. Descriptive statistics for baseline patient characteristics and explanatory variables*

Characteristic
Total

(n = 345)
PT

(n = 138)
IBET

(n = 140)
WL control
(n = 67)

Age, years 65.3 ± 11 65.7 ± 10.3 65.1 ± 11.4 64.7 ± 11.7
Women, no. (%) 247 (71.6) 99 (71.7) 96 (68.6) 52 (77.6)
White, no. (%) 251 (72.8) 109 (79.0) 93 (66.4) 49 (73.1)
Married/living with partner, no. (%) 213 (61.7) 78 (56.5) 93 (66.4) 42 (62.7)
Bachelor’s/postgraduate work, no. (%) 205 (59.4) 84 (60.9) 79 (56.4) 42 (62.7)
Fair or poor health, no. (%) 48 (13.9) 14 (10.1) 22 (15.7) 12 (17.9)
Financial status: comfortable/meet

basic needs, a little left over, no. (%)
285 (82.6) 118 (85.5) 112 (80.0) 55 (82.1)

Employed full- or part-time, no. (%) 140 (40.6) 59.0 (42.8) 51 (36.4) 30 (44.8)
Body mass index, kg/m2 31.3 ± 8.0 31.8 ± 8.6 31.5 ± 7.7 29.8 ± 6.8
No. of joints with OA symptoms 5.3 ± 3.2 5.5 ± 3.0 5.1 ± 3.1 5.4 ± 3.9
Duration of OA symptoms, years 13.1 ± 11.6 13.9 ± 11.5 11.6 ± 11.0 14.4 ± 12.9
History of knee injury, no. (%) 173 (50.1) 71 (51.4) 69 (49.3) 33 (49.3)
Problems learning† 3.7 ± 0.7 3.7 ± 0.6 3.6 ± 0.8 3.8 ± 0.5
Filling out forms‡ 0.4 ± 0.7 0.3 ± 0.8 0.4 ± 0.8 0.3 ± 0.6
Internet comfort§ 4.1 ± 1.2 4.1 ± 1.2 4.1 ± 1.3 4.1 ± 1.2
Internet frequency¶ 1.4 ± 1.2 1.3 ± 1.1 1.5 ± 1.2 1.4 ± 1.3
WOMAC total score (0–96) 31.9 ± 17.8 32.0 ± 17.7 31.3 ± 17.7 33.1 ± 18.8
PHQ-8 score (0–24) 3.8 ± 4.1 4.0 ± 4.5 3.7 ± 4.1 3.5 ± 3.4
PROMIS fatigue score 51.2 ± 8.8 51.9 ± 9.1 50.3 ± 9.0 51.9 ± 7.9
Self-efficacy exercise score 56.2 ± 20.3 57.3 ± 20.8 56.8 ± 19.8 52.8 ± 20.5
Social support exercise score 52.1 ± 18.4 51.9 ± 17.4 51.8 ± 19.6 53.0 ± 18.3
30-second chair stand, no. 9.6 ± 3.9 9.5 ± 4.2 9.6 ± 3.7 9.6 ± 3.6
2-minute march test, no. of steps 50.9 ± 29.6 51.6 ± 31.0 51.5 ± 29.5 48.3 ± 26.8
Unilateral stand test, seconds 7.3 ± 3.6 7.3 ± 3.6 7.4 ± 3.4 6.8 ± 3.7

* Values are the mean ± SD unless indicated otherwise. IBET = internet-based exercise training; OA = osteoarthritis;
PHQ-8 = Patient Health Questionnaire 8; PROMIS = Patient-Reported Outcomes Measurement Information System;
PT = physical therapy; WL = wait list; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† Problems learning were assessed via questionnaire consisting of 1 question: “How often do you have problems learn-
ing about your medical condition because of difficulty understanding written information?” and reported as “always (0),”
“often (1),” “sometimes (2),” “occasionally (3),” and “never (4).”
‡ Problems filling out forms were assessed via questionnaire consisting of 1 question: “How confident are you filling out
forms by yourself?” and reported as “extremely (0),” “quite a bit (1),” “somewhat (2),” “a little bit (3),” and “not at all (4).”
§ Comfort using internet, Likert scale (1 = not at all; 5 = very).
¶ The frequency of internet use was reported as “every day (1),” “a few times a week (2),” “once a week (3),” “a few times
a month (4),” “once a month (5),” “less than once a month (6),” and “not at all (7).”
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GUIDE results. Figure 3 shows the unpruned tree from
GUIDE when applied to the 2 active arms when the minimum sub-
group size was n = 40 total participants (i.e., at least n = 20 in
each arm). The pruned tree was empty. Similar to QUINT, the tree
contains 4 subgroups. However, 1 subgroup had greater
improvement in WOMAC with IBET compared to PT (red),
another subgroup had greater improvement in WOMAC with PT
than IBET (green), and 2 subgroups showed no difference
between IBET and PT (grey). The subgroup that had a larger
improvement with IBET than PT (6.9 points lower, n = 59) was
composed of participants with duration of OA symptoms
≤9.5 years and BMI ≤29.45 kg/m2. The subgroup that had
greater improvement with PT than IBET (5.7 points lower,
n = 67) was composed of participants with duration of OA symp-
toms >18.5 years.

Figure 4 shows the unpruned tree from GUIDE when
applied to all 3 treatment arms when the minimum subgroup
size was n = 60 total participants (i.e., at least n = 20 in each
arm). The pruned tree was empty. The tree contains 2 sub-
groups, where 1 subgroup had greater improvement in IBET
and PT compared to WL, and the other subgroup had greater

improvement in WL compared to IBET and PT. The subgroup
(n = 205) that had lower mean differences in WOMAC for IBET
(3.8 points) and PT (6.4 points), compared with WL, was com-
posed of individuals not currently employed. The subgroup
(n = 140) for which there were larger mean differences in
WOMAC for WL compared to IBET (0.7 points) or PT
(1.2 points) was composed of individuals currently employed.
Figure 5 shows the unpruned tree from GUIDE including all
3 arms when the minimum subgroup size was n = 45 total par-
ticipants (i.e., at least n = 15 in each arm); the pruned tree was
empty. This unpruned tree contains 4 subgroups, with the first
split variable of employment status and then the 2 employment
status groups further subdivided to obtain the 4 subgroups.
There were 2 subgroups for which IBET and PT both had lower
mean differences than WL control by 5.7, 6.8, 1.8, and 5.8
points; 1 subgroup (n = 115) consisted of participants who
were not currently employed, with duration of OA symptoms
≤10.5 years, and the other subgroup (n = 90) included partici-
pants who were not currently employed and had a duration of
symptoms >10.5 years. For 1 subgroup (n = 64), mean differ-
ences were lower for IBET than WL control but greater for WL

Figure 1. Qualitative interaction trees subgroups with 2 active arms (minimum sample size for subgroup is 40 total participants, i.e., at least 20 in
each arm). Subgroup 1: body mass index (BMI) ≤24.31 kg/m2 (n = 44; mean difference −7.2 points); subgroup 2: BMI >24.31 kg/m2, osteoarthri-
tis (OA) symptom duration ≤9.5 years, and Social Support for Exercise score ≤56.5 (n = 57; mean difference −6.3 points); subgroup 3: BMI
>24.31 kg/m2, OA symptom duration ≤9.5 years, and Social Support for Exercise score >56.5 (n = 50; mean difference 3.1 points); subgroup
4: BMI >24.31 kg/m2, OA symptom duration >9.5 years (n = 127; mean difference 6.3 points). Dots indicate the mean difference IBET-PT; error
bars show the SE of the difference. IBET = internet-based exercise training; PT = physical therapy. Color figure can be viewed in the online issue,
which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24564/abstract.
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than PT, although these differences were small; this group
included individuals who were currently employed and had
lower scores on the chair stand test (≤9.5 stands). For the last
subgroup (n = 76), mean differences were lower for WL than
for either IBET (2.6 points) and PT (2.1 points); this subgroup
was currently employed and had better chair stand scores
(>9.5 stands).

GUIDE internal validation. For the GUIDE internal valida-
tion for 2 active arms, the apparent range was −12.6 (see Supple-
mentary Table 2, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24564),
and when corrected based on our estimate for optimism, it was
reduced to −7.2. For the internal validation of the GUIDE proce-
dure for 3 arms, comparing PT to WL when the minimum sub-
group size was set to n = 45 total participants (i.e., at least
n = 15 in each arm), the apparent range was −8.9 and with opti-
mism correction reduced to −5.0. In all cases for GUIDE, there
were large reductions of the apparent range after correcting
for optimism, but many remained on the border of clinically

meaningful differences (see Supplementary Table 2, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24564).

DISCUSSION

In this 3-arm study, we addressed several research ques-
tions related to heterogeneity of treatment effects for different
exercise-based treatments among individuals with knee OA. We
used QUINT to address qualitative subgroup interactions in the
2 active treatment arms, exploring which treatment worked better
for which subgroups, and GUIDE to explore the more general
question of whether some subgroups had larger improvements
than others between the 2 active treatments. Based on results
involving the 2 active arms, an overall observation was that BMI,
age, and disease duration seemed to be important factors
regarding whether PT or IBET yielded greater improvement.
Although some other factors contributed to subgroup identifica-
tion, these 3 easily assessed patient characteristics could help to
guide referrals in clinical situations. In particular, these results sug-
gest that patients who are older, have higher BMI, and have had

Figure 2. Qualitative interaction trees subgroups with 2 active arms (minimum sample size per subgroup is 30 total participants, i.e., at least
15 per arm). Subgroup 1: body mass index (BMI) ≤23.94 kg/m2 (n = 38; mean difference −9.1 points); subgroup 2: BMI >23.94 kg/m2,
age ≤55.54 years (n = 33; mean difference −8.0 points); subgroup 3: BMI >23.94 kg/m2, age >55.54 years, and number of chair stands
≤8.5 (n = 86; mean difference 9.6 points); subgroup 4: BMI >23.94 kg/m2, age >55.54 and ≤72.03 years, and number of chair stands >8.5
(n = 79; mean difference 4.7 points), and subgroup 5: BMI >23.94 kg/m2, age >72.03 years, and number of chair stands >8.5 (n = 42; mean
difference −4.9 points). Dots indicate the mean difference IBET-PT; error bars show the SE of the difference. IBET = internet-based exercise
training; PT = physical therapy. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24564/abstract.
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knee OA symptoms for a longer period of time may particularly
benefit from the personalized support and tailored exercise
offered by a physical therapist versus a more self-directed exer-
cise program.

We used data from all 3 study arms to explore, using GUIDE,
which subgroups showed the greatest improvement in each of
the active treatment arms compared to usual care (WL). For the
subgroup of participants who were not employed, both IBET
and PT had greater improvements than WL (Figure 4); improve-
ment relative to WL was somewhat larger for PT than IBET. How-
ever, for those who were employed, WL was associated with
larger improvements in WOMAC than either PT or IBET after
adjusting for covariates, including baseline WOMAC score. Nota-
bly, the primary driver of magnitude of effects (relative to WL) was
employment status, a factor different from those involved in the
comparisons of 2 active treatment arms. A likely explanation for
the 3-group GUIDE results is that participants who were not
employed had more time to engage in the intervention, including

adherence to home exercise recommendations. This pattern
was observed for the IBET group (though less pronounced than
for PT), given that no in-person visits were required for the inter-
vention, and exercises could be completed at participants’ con-
venience. Individuals with knee OA who are still employed may
need additional support or strategies to fit regular activity into daily
routines. Based on the GUIDE model with a minimum of n = 15
participants per arm, the PT intervention had a particularly strong
impact for participants who had OA symptoms for a longer period
of time (among those in the not-employed subgroup). These
results align with findings of GUIDE analyses of the 2 active
groups, in which patients with the longest duration experienced
greater benefit from PT (Figure 3).

An important aspect of both the QUINT and GUIDE proce-
dures is pruning of trees to avoid overfitting. For the QUINT analysis,
there was little to no difference between pruned and unpruned trees
for both analyses. In our GUIDE analysis, when we applied the
pruning procedures, all trees were empty. Therefore, results should

Figure 3. Generalized unbiased interaction detection and estimation subgroups with 2 active arms: internet-based exercise training (IBET) and
physical therapy (PT) (n = 278; minimum sample size per subgroup is 40 total participants, i.e., at least 20 in each arm). Subgroup 1: osteoarthritis
(OA) symptom duration ≤9.5 years and body mass index (BMI) ≤29.45 kg/m2 (n = 59; unadjusted mean difference −6.9 points, adjusted mean dif-
ference −5.0); subgroup 2: OA symptom duration ≤9.5 years and BMI >29.45 kg/m2 (n = 72; unadjusted mean difference 0.1 points, adjusted
mean difference −0.5); subgroup 3: OA symptom duration >9.5 years and OA symptom duration ≤18.5 years (n = 80; unadjusted mean difference
3.5 points, adjusted mean difference 3.1); subgroup 4: OA symptom duration >9.5 years and >18.5 years (n = 67; unadjusted mean difference
5.7 points, adjusted mean difference 7.5). Dots indicate the mean difference IBET-PT; error bars show the SE of the difference.
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be interpreted with caution due to the potential for overfitting
and instability of identified subgroups. As these are exploratory
analyses in a relatively small sample size for heterogeneity of
treatment-effects analyses (but typical for a clinical trial of a
behavioral intervention), we presented unpruned trees for GUIDE.
However, we applied prepruning procedures by specifying limits
on how small subgroups could be, a step to prevent overfitting.
Furthermore, we used internal validation to evaluate the bias in
our effect-size differences due to overfitting when applying both
QUINT and GUIDE.

Another important aspect of our methods was the process of
internal validation. In heterogeneity of treatment-effects analyses,
validation provides guidance for interpreting and applying results,
even when analyses are exploratory and in studies with small
samples where overfitting can easily occur. We applied these pro-
cedures to estimate optimism or bias in the range of mean differ-
ences in outcomes for the final tree (i.e., the apparent range).
Based on internal validation results, there were large corrections
to all apparent ranges, reflecting potential bias. However, some
of the optimism-corrected ranges still fell in the clinically meaning-
ful range, indicating that meaningful differences in subgroups may
apply beyond this sample. Specifically, in the QUINT analysis with
2 active treatments, there were large potential biases in the appar-
ent range for both n = 20 and n = 15 per arm for each subgroup,
indicating overfitting and instability of results. In the analyses

including the 2 active arms only, an optimism-corrected range
greater than −8 is indicative of subgroups with clinically meaning-
ful differences that may apply beyond this sample (28). In the
analysis with n = 15 per arm, the corrected range was above the
threshold of −8, but was well below this threshold in the n = 20
per arm analysis (28). Applying the n = 20 per arm per subgroup
is possibly too stringent a criterion, masking smaller subgroups
with larger and more stable differences. In GUIDE with all 3 arms,
there were large potential biases in the apparent range for both
n = 20 and n = 15 per arm per subgroup. In this case, an
optimism-corrected range greater than −4 is indicative of sub-
groups with clinically meaningful differences of treatment versus
control that may apply beyond this sample. Similar to the QUINT
analysis, the n = 15 per subgroup per arm yielded optimism-
corrected ranges greater than this threshold, while the n = 20
per subgroup per arm yielded optimism-corrected ranges below
this threshold.

There are some limitations to this study. We have not
focused the interpretation of results on uncertainty estimates of
treatment differences in subgroups, as standard uncertainty esti-
mates do not account for all the uncertainty due to the data-driven
process; methods for uncertainty of estimates accounting for all
the uncertainty due to the data-driven process is an area of active
research in heterogeneity of treatment-effects analysis. In this
pragmatic trial, we did not obtain radiographs, and information

Figure 4. Generalized unbiased interaction detection and estimation subgroups with all 3 arms: internet-based exercise training (IBET), physical
therapy (PT), and wait list (WL) control (n = 345; minimum sample size per subgroup is 60 total participants, i.e., at least 20 in each arm). Mean dif-
ferences for subgroups (nodes) are IBET-usual care followed by PT-WL, with negative values indicating greater improvement in the treatment arm
(IBET or PT) compared to WL. Subgroup 1: not employed (n = 205; unadjusted IBET-WL mean difference −3.8 points, adjusted mean difference
−5.4; unadjusted PT-WL mean difference −6.4, adjusted mean difference −7.4); subgroup 2: employed (n = 140; unadjusted IBET-WL mean dif-
ference 0.7 points, adjusted mean difference 1.2; unadjusted PT-WL mean difference 1.6, adjusted mean difference 2.1). Circle dot indicates the
mean difference IBET-WL, and square indicates the mean difference PT-WL; error bars show the SE of the differences. Color figure can be viewed
in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24564/abstract.
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on radiographic severity was not systematically available within
the electronic health record. We also did not collect data on joint
malalignment. Both radiographic severity and malalignment have
some previous evidence for moderating effects of exercise-based
interventions for OA and therefore would have been valuable to
include in these analyses. However, current radiographic severity
and precise measurement of joint alignment are not available at
all clinical encounters; therefore, these variables may not be the
most practical for use in guiding recommendations for exercise-
based interventions.

In summary, these analyses highlight ways to use various
data-driven heterogeneity of treatment-effects methods to
address different research questions within randomized clinical
trials, depending on whether the trial has 2 active treatments
(where the QUINT method applies) or usual care and 1 or more
treatment arms (where the GUIDE method applies). Problematic
areas that need to be considered or addressed when applying
these methods are multiple testing implications, the potential for
too much complexity, appropriate uncertainty estimation, and
reproducibility of subgroups (15). While these analyses were

exploratory in nature, they provide some evidence that there
are subgroups for whom different exercise-based treatments
(IBET versus PT) were more efficacious than for others. Even after
correcting for optimism bias, some differences were in the clinically
meaningful range. In particular, our results suggest that younger
patients with lower BMI may be good candidates for self-guided
exercise programs (e.g., our IBET intervention) and that regardless
of the type of exercise-based intervention, individuals who are
currently employed may need additional supportive strategies.
However, additional studies are needed to further explore hetero-
geneity of treatment effects in the context of exercise-based
therapies for OA, including different programs and cohorts.
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B R I E F R E P O R T

Identification of Radiographic Foot Osteoarthritis:
Sensitivity of Views and Features Using the La Trobe
Radiographic Atlas

Hylton B. Menz,1 Shannon E. Munteanu,2 Michelle Marshall,3 Martin J. Thomas,4

Trishna Rathod-Mistry,3 George M. Peat,3 and Edward Roddy4

Objective. To compare the sensitivity of alternative case finding approaches for the identification of foot osteoar-
thritis (OA) based on the La Trobe radiographic atlas.

Methods. This was a cross-sectional study of 533 adults age ≥50 years with foot pain in the past year. Weightbear-
ing dorsoplantar (DP) and lateral radiographs were taken of both feet. The La Trobe radiographic atlas was used to doc-
ument the presence of osteophytes (OPs) and joint space narrowing (JSN). The prevalence of OA in each joint was
documented using both views and features in combination (as recommended in the original atlas), and by using a sin-
gle view (DP or lateral only) and a single feature (OP or JSN only).

Results. Compared to the recommended case definition based on OPs and JSN using both views, a DP-only view
identified between 15% and 77% of OA cases, while a lateral-only view identified between 28% and 97% of OA cases.
Compared to the recommended case definition of using both features, using only OPs identified between 46% and
94% of OA cases, while using only JSN identified between 19% and 76% of OA cases.

Conclusion. Applying the La Trobe radiographic atlas but using only 1 radiograph view (DP or lateral) or 1 feature
(OP or JSN) in isolation misses a substantial number of OA cases, and the sensitivity of these approaches varies con-
siderably between different foot joints. These findings indicate that, where possible, the atlas should be administered
according to the original description to avoid under-ascertainment of radiographic foot OA.

INTRODUCTION

Osteoarthritis (OA) is a leading cause of pain and disability

and most commonly affects the knees, hips, hands, and feet

(1). Although OA affecting the knees, hips, and hands has

received considerable research attention, foot OA has been

largely ignored until relatively recently (2), despite being highly

prevalent (3), disabling (4), and accounting for a substantial

number of primary care consultations (5). A key barrier to prog-

ress with foot OA research has been the absence of a standard-

ized case definition, with previous studies assessing different

combinations of foot joints and using a range of radiographic

classification criteria (6). As a consequence of this inconsis-

tency, prevalence estimates of radiographic foot OA have varied

widely (6).
To address this issue, a foot-specific atlas (the La Trobe

Radiographic Atlas of Foot Osteoarthritis) was developed in

2007 (7). The atlas enables the documentation of radiographic

OA in 5 foot joints according to the presence of osteophytes

(OPs) and joint space narrowing (JSN) from dorsoplantar

(DP) and lateral views, and has since been adopted for use in sev-

eral population-based studies (8–10). Due to the substantial
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variability in the bony morphology of foot joints, the authors of the

original atlas recommended using both radiographic views and

features in combination to identify foot OA, and in a subsequent

publication demonstrated that using only 1 view or feature in iso-

lation missed a substantial number of cases (11). However,

because this analysis was undertaken by the developers of the

atlas on a convenience sample of older adults with a high preva-

lence of foot OA, we consider replicating this finding to be impor-

tant, using an independent assessor to determine whether this

low sensitivity would also be reflected in a more representative,

population-based sample.
If a single radiographic view and/or feature could identify a

similar number of cases to a combination of both views and fea-
tures, foot OA research could potentially be conducted more effi-
ciently. Therefore, the objective of this study was to compare the
sensitivity of alternative case definitions for the identification of foot
OA based on the La Trobe atlas using data from the Clinical
Assessment Study of the Foot, a large, population-based study
conducted in the UK (8).

MATERIALS AND METHODS

Study design. Data were collected via a population-based
health survey and research assessment clinic as part of the Clin-
ical Assessment Study of the Foot (8). Adults age ≥50 years reg-
istered with 4 general practices were invited to take part in the
study, irrespective of consultation for foot pain or problems. Eth-
ical approval was obtained from the Coventry Research Ethics
Committee (#10/H1210/5). All eligible participants were mailed
a Health Survey questionnaire that gathered information on
demographic and social characteristics and general health. Par-
ticipants who reported pain in and around the foot in the past
12 months and provided written consent to further contact were
invited to attend a research clinic where radiographs were
obtained.

Radiographic assessment of foot OA. Bilateral weight-
bearing plain film radiographs were taken according to stan-
dardized protocols (8). The participant stood in a relaxed

position with their weight distributed equally across both feet.
For the DP projection, the radiograph tube was angled 15�

cranially with a vertical central ray centered at the base of the
third metatarsal. For the lateral projection, the radiograph tube
was angled at 90� with a horizontal central ray centered on the
base of the first metatarsal (7). The presence of OPs and JSN
was assessed in 5 joints: the first metatarsophalangeal (MTP)
joint, the first cuneometatarsal (CM) joint, the second CM joint,
the navicular–first cuneiform (N-1st C) joint, and the talonavi-
cular (TN) joint. For each joint, the presence of OPs and JSN
was graded from 0 to 3 on both DP and lateral views, with
the exception of TN joint OPs, where only the lateral view
was used, as OPs most commonly develop on the dorsal
aspect of this joint, which is difficult to visualize from a DP
view (11).

The presence of radiographic OA in each joint was docu-
mented using 5 different case definitions: 1) a score of ≥2 for
either OPs or JSN from either the DP or lateral view
(as recommended in the original atlas), 2) a score of ≥2 for either
OPs or JSN from the DP view only, 3) a score of ≥2 for either
OPs or JSN from the lateral view only, 4) a score of ≥2 for OPs
only from either the DP or lateral view, and 5) a score of ≥2 for
JSN only from either the DP or lateral view.

All radiographs were initially graded using the original case
definition by a single reader (MM) with previously documented
intraexaminer reliability (3). To establish the inter- and intraexami-
ner reliability of the different case definitions based on individual
views and features, HBM and MM independently scored radio-
graphs from 60 randomly selected participants (n = 120 feet).

Statistical analysis. Analyses were conducted using
SPSS Statistics, version 25, and Stata SE, version 14.2. The
number of OA cases in each joint identified according to the case
definitions using individual views and features were expressed as
a percentage of cases defined using the original atlas description.
The inter- and intraexaminer reliability of the different case defini-
tions were calculated using Gwet’s AC1 kappa (12) and percent-
age agreement statistics.

RESULTS

Study population. As previously reported, a total of 5,109
completed Health Survey questionnaires were received (adjusted
response 56%) (3). Of these, 1,635 individuals who reported pain
in and around the foot in the past 12 months and who provided
written consent were invited to the research assessment clinic
and 560 attended. Individuals with inflammatory arthritis (n = 24)
were excluded from this analysis, and foot radiographs were
unavailable for 3 participants, leaving a total of 533 eligible partic-
ipants (1,066 feet) (235 men and 298 women with a mean ± SD
age of 65 ± 8 years).

SIGNIFICANCE & INNOVATIONS
• Applying the La Trobe Radiographic Atlas using only

1 radiographic view (dorsoplantar or lateral) misses
a substantial number of osteoarthritis (OA) cases.

• Applying the La Trobe Radiographic Atlas using only
1 radiographic feature (osteophytes or joint space
narrowing) misses a substantial number of OA
cases.

• The atlas should be administered according to the
original description to avoid under-ascertainment
of foot OA.
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Foot OA cases identified with different case defini-
tions. The prevalence of radiographic OA in each joint according
to the original atlas case definition was as follows: 1st MTP
joint (n = 294, 27.6%), 1st CM joint (n = 50, 4.7%), 2nd CM joint
(n = 50, 4.7%), N-1st C joint (n = 86, 8.1%), and TN joint
(n = 158, 14.8%). Figure 1 shows OA cases for each joint identi-
fied according to individual views and features as a percentage
of cases defined using the original atlas description. Compared
to the recommended case definition based on OPs and JSN
using both views, a DP-only view identified between 14.5% and
77.2% of OA cases. The highest sensitivity was for the 1st MTP
joint and the lowest was for the TN joint. Using a lateral-only view
identified between 28% and 96.8% of OA cases. The highest sen-
sitivity was for the TN joint and the lowest was for the 1st CM joint.
Compared to the recommended case definition of using both fea-
tures, using only OPs identified between 45.7% and 94.2% of OA
cases. The highest sensitivity was for the 1st MTP joint and the

lowest was for the 2nd CM joint. Using only JSN identified
between 19.0% and 76.1% of OA cases. The highest sensitivity
was for the 2nd CM joint and the lowest was for the TN joint.
Figure 2 shows the relative frequency of radiographic features
classifying joints as having OA using the original atlas description.

Reliability of different case definitions. Tables 1 and 2
show the intra- and interexaminer reliability of foot OA assess-
ment using the different case definitions. Reliability was similarly
high across different combinations of views and features (κ rang-
ing from 0.923 to 1.000 for intraexaminer reliability and 0.705 to
1.000 for interexaminer reliability).

DISCUSSION

The objective of this study was to compare the sensitivity of
alternative case-finding approaches to the identification of foot

Figure 1. Foot OA cases identified according to individual radiographic views and features as a percentage of cases defined using the original
atlas description (n = 1,066 feet). CM = cuneometatarsal; DP = dorsoplantar; JSN = joint space narrowing; MTP = metatarsophalangeal; N1st C
= navicular–1st cuneiform; OA = osteoarthritis; OP = osteophytes; TN = talonavicular.

Figure 2. Relative frequency of radiographic features classifying joints as having osteoarthritis using the original atlas description (both views, n =
1,066 feet). CM = cuneometatarsal; JSN = joint space narrowing; MTP = metatarsophalangeal; N1st C = navicular–1st cuneiform; OP = osteo-
phytes; TN = talonavicular.
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OA based on the La Trobe atlas (7). We found that compared to
the recommended case definition based on identifying OPs and
JSN from DP and lateral views, using only 1 feature or view in iso-
lation missed a substantial number of OA cases, and the impact
of this varied considerably between joints. These findings suggest
that where possible, the atlas should be administered according
to the original description to avoid under-ascertainment of radio-
graphic foot OA.

During the development of the original atlas, the inclusion of
2 radiographic projections was justified on the basis that due to dif-
ferences in bony morphology, the DP view would provide the great-
est clarity for some joints, whereas the lateral view would be more
suitable for others (7). This is clearly demonstrated in our findings.
For example, using the DP view in isolation demonstrated moderate
sensitivity for the 1st MTP joint (77%) but very low sensitivity for the
TN joint (15%). In contrast, using the lateral view in isolation demon-
strated high sensitivity for the TN joint (97%) but low sensitivity for the
1st CM joint (28%). Of the 5 joints evaluated, only the 1st MTP joint
demonstrated similar sensitivity when either view was used, as
OPs, themost dominant feature of 1st MTP joint OA, are often visible
on both the dorsal and mediolateral aspects of the joint.

The inclusion of 2 features, OPs and JSN, appears to be neces-
sary for assessing foot OA due to variation in how OA manifests in
individual joints. For example, OA in the 1st MTP joint is character-
ized by the formation of large OPs, whereas the 2nd CM joint,

possibly due to its more proximal location in the foot and limited
range of motion, is more likely to develop JSN. If the atlas was
applied using OPs in isolation, most cases of 1st MTP joint (96%)
and TN joint (89%) OA would be identified, but a substantial number
of cases in the remaining joints would be missed. Similarly, using
JSN in isolation would provide moderate sensitivity for the 2nd CM
joint (76%), but unacceptably low sensitivity (10–57%) for the
remaining joints.

Despite substantial differences in sample characteristics
and the prevalence of radiographic OA in each foot joint, our
findings in relation to the sensitivity of views and features are
consistent with those reported in the original atlas (11). The
atlas was developed using a convenience sample of people
ages 62–94 years (mean age 76 years) and reported a higher
prevalence of radiographic OA in individual joints (ranging from
22% for the 1st CM joint to 60% for the 2nd CM joint) than our
population-based sample of people age ≥50 years. However, the
relative proportion of OA cases identified using limited views or fea-
tures was similar, as was the overall representation of OPs and
JSN across the different joints. A notable difference was the sensi-
tivity of identifying 1st MTP joint OA using the DP view only, which
was higher in the original atlas study than in the current study
(95% compared to 77%). This finding suggests that the using the
DP view alone may be less sensitive in identifying 1st MTP joint
OA in a younger population.

Table 1. Intra- and interexaminer reliability of foot osteoarthritis assessment using different case definitions accord-
ing to radiographic view (n = 120 feet)*

Intraexaminer reliability Interexaminer reliability

Joint
Both DP

and lateral DP only Lateral only
Both DP

and lateral DP only Lateral only

1st MTP 0.923 (96) 0.860 (91) 0.911 (94) 0.705 (81) 0.868 (90) 0.915 (93)
1st CM 0.960 (97) 0.971 (98) 0.991 (99) 1.000 (100) 0.992 (99) 1.000 (100)
2nd CM 0.942 (96) 1.000 (100) 0.935 (95) 0.802 (84) 0.974 (98) 0.843 (87)
N-1st C 0.979 (98) 0.991 (99) 0.991 (99) 0.916 (93) 0.956 (96) 0.992 (99)
TN 0.950 (97) 0.982 (98) 0.950 (97) 0.923 (93) 1.000 (100) 0.964 (97)
Mean κ 0.951 0.961 0.956 0.869 0.958 0.942

* Values are the kappa (% agreement), unless indicated otherwise. Kappa value is Gwet’s AC1 kappa.
CM = cuneometatarsal; DP = dorsoplantar; MTP = metatarsophalangeal joint; N-1st C = navicular–first cuneiform;
TN = talonavicular.

Table 2. Intra- and interexaminer reliability of foot osteoarthritis assessment using different case definitions accord-
ing to radiographic feature (n = 120 feet)*

Intraexaminer reliability Interexaminer reliability

Joint Both OP and JSN OP only JSN only Both OP and JSN OP only JSN only

1st MTP 0.923 (96) 0.923 (96) 0.981 (98) 0.705 (81) 0.772 (84) 0.959 (97)
1st CM 0.960 (97) 0.991 (99) 0.972 (98) 1.000 (100) 1.000 (100) 0.992 (99)
2nd CM 0.942 (96) 0.981 (98) 0.957 (97) 0.802 (84) 0.966 (97) 0.964 (97)
N-1st C 0.979 (98) 0.991 (99) 0.981 (98) 0.916 (93) 0.966 (97) 0.992 (99)
TN 0.950 (97) 0.952 (97) 1.000 (100) 0.923 (93) 1.000 (100) 0.982 (98)
Mean κ 0.951 0.968 0.978 0.869 0.941 0.978

* Values are the kappa (% agreement), unless indicated otherwise. Kappa value is Gwet’s AC1 kappa.
CM = cuneometatarsal; JSN = joint space narrowing; MTP = metatarsophalangeal joint; N-1st C = navicular–first
cuneiform; OP = osteophyte; TN = talonavicular.
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Our findings provide further evidence to support the applica-
tion of the La Trobe atlas as originally described. However, there
are several inherent limitations of the atlas that warrant consider-
ation. First, the atlas is limited to 5 foot joints. These joints were
selected based on their suspected susceptibility to the develop-
ment of OA, but also due to their ease of visualization using DP
and lateral radiographs (7). Joints not represented in the atlas
(including the subtalar joint, lateral tarsal joints, and interphalan-
geal joints) are also known to develop OA (6), but additional radio-
graphic views would be required to adequately identify changes in
these joints. Second, as with all radiographic atlases, there is
some degree of subjectivity involved (13), although reliability has
repeatedly been demonstrated to be acceptable both within and
between examiners (3,7). Third, the atlas is limited to observations
of OPs and JSN, and does not include other frequently observed
features of OA such as subchondral sclerosis and cysts (14).
Finally, all study participants had current/recent foot pain.

In summary, this study has shown that when applying the La
Trobe atlas to identify foot OA, using only 1 radiographic view or
1 feature in isolation misses a substantial number of OA cases,
and the sensitivity of these approaches varies considerably
between different foot joints. These findings indicate that, where
possible, the atlas should be administered according to the origi-
nal description to avoid under-ascertainment of radiographic
foot OA.
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Relationship Between Patient-Reported Readiness for Total
Knee Arthroplasty and Likelihood of a Good Outcome at
One-Year Follow-Up

Gillian A. Hawker,1 Barbara L. Conner-Spady,2 Eric Bohm,3 Michael J. Dunbar,4 C. Allyson Jones,5

Bheeshma Ravi,1 Tom Noseworthy,2 Linda J. Woodhouse,6 Peter Faris,2 Donald Dick,5 James Powell,2

Paulose Paul,5 and Deborah A. Marshall,2 on behalf of the BEST-Knee Study Team

Objective. To determine the relationship between patients’ preoperative readiness for total knee arthroplasty (TKA)
and surgical outcome at 1 year post-TKA.

Methods. This prospective cohort study recruited patients with knee osteoarthritis (OA) who were ≥30 years and
were referred for TKA at 2 hip/knee surgery centers in Alberta, Canada. Those who underwent primary unilateral TKA
completed questionnaires prior to TKA to assess pain using the Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC), physical disability using the Knee Injury and Osteoarthritis Outcome Score physical function
short form, perceived arthritis coping efficacy, general self-efficacy, depressed mood using the Patient Health Ques-
tionnaire 8, body mass index, comorbidities, and TKA readiness (patient acceptable symptom state; willingness to
undergo TKA); these same individuals also completed the above questionnaires 1 year post-TKA to assess surgical
outcomes. A good TKA outcome was defined as an individual having improved knee symptoms, measured using the
Osteoarthritis Research Society International–Outcome Measures in Rheumatology responder criteria, and overall sat-
isfaction with results of the TKA. Poisson regression with robust error estimation was used to estimate the relative risk
(RR) of a good outcome for exposures, before and after controlling for covariates.

Results. Of1,272TKA recipientsassessedat 1 yearpost-TKA, 1,053withdata for theoutcomeassessed in thestudywere
included(mean ± SDage66.9 ± 8.8 years;58.6%female).Mostpatients (87.8%)weredefinitelywilling toundergoTKAandhad
“unacceptable” knee symptoms (79.7%). Among patients who underwent TKA, 78.1%achieved a good outcome. Controlling
for pre-TKAOA-related disability, arthritis coping efficacy, comorbid hip symptoms, and depressedmood, definite willingness
to undergo TKA and unacceptable knee symptoms were associated with a greater likelihood of a good TKA outcome, with
adjustedRRs of 1.18 (95%confidence interval [95%CI] 1.04–1.35) and 1.14 (95%CI 1.02–1.27), respectively.

Conclusion. Among patients who underwent TKA for knee OA, patients’ psychological readiness for TKA and will-
ingness to undergo TKA were associated with a greater likelihood of a good outcome. Incorporation of these factors in
TKA decision-making may enhance patient outcomes and appropriate the use of TKA.

INTRODUCTION

Total knee arthroplasty (TKA) is one of the most cost-

effective surgical interventions (1,2). Over 1,200,000 TKAs are

performed annually worldwide (3), with ~95% performed to treat

knee osteoarthritis (4), OA. While TKA is highly effective on aver-

age, studies consistently show that 15–30% of TKA recipients

report little or no improvement in symptoms and/or dissatisfaction
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with postoperative results (5–9). Appropriate care is broadly

defined as that which provides a net “benefit” to the patient (10).

Greater understanding of the preoperative factors that increase

the likelihood of a net benefit to the patient from TKA will improve

outcomes, and thus, appropriate use of this procedure.
In prior qualitative research, we found that patients with knee

OA equated “appropriateness” for TKA with candidacy for the
procedure (11–14). Pain intensity, the ability to cope with the pain,
and how the pain affected their quality of life were seen by patients
as the most important factors determining surgical candidacy
(12). Patients also stressed the importance of psychological read-
iness and a positive attitude, which they perceived as critical to
the achievement of a good TKA outcome (12,14).

Psychological factors are well known to influence treatment
outcomes. In many clinical contexts (e.g., cancer care and car-
diac surgery), an optimistic attitude, absence of depressed mood,
and greater self-efficacy have been shown to predict better health
outcomes (15–18). In the setting of joint replacement, depressed
mood has been consistently associated with less improvement
in OA symptoms following surgery (19), whereas greater
self-efficacy has been variably linked to better adherence to post-
operative rehabilitation and greater symptom improvement post-
operatively (15,17,20). The willingness of a patient to consider
total joint replacement has been shown to reflect their perceptions
regarding candidacy for the procedure, the relative benefits ver-
sus potential risks of surgery, and the acceptability of these risks
(21). Greater willingness to undergo TKA has been linked to
higher rates of referral for, and performance of, TKA (21,22). How-
ever, to date, the influence of measures of psychological readi-
ness for TKA have not been examined as potentially modifiable
determinants of a good outcome from surgery. To address this
knowledge gap, the present study examined the relationship
between preoperative measures of psychological readiness to
pursue TKA (assessed as the willingness to consider TKA and
acceptability of knee OA symptoms) to a composite measure of

a “good TKA outcome” at 1 year post-TKA, controlling for
depressed mood, measures of self-efficacy, and other potential
confounders.

PATIENTS AND METHODS

Study setting and design. This prospective cohort study
recruited patient participants from a group of individuals with knee
OA who were referred to a surgeon for elective TKA at 2 orthope-
dic hip and knee centralized intake clinics in Alberta, Canada,
between October 2014 and September 2016. Individuals who
were ages ≥30 years, able to read and comprehend English,
and confirmed to have knee OA on physical examination and
imaging were eligible for study participation. Individuals with
inflammatory arthritis were excluded. To ensure representation
of the most rapidly increasing group of TKA recipients (individuals
<60 years [23,24]), we continued recruitment for the current study
until there were at least 200 men and women in each of 3 age
groups (30–59 years, 60–69 years, and ≥70 years). All 45 sur-
geons at the clinics that patient participants were recruited from
agreed to participate in the study as well and provided written con-
sent. See Appendix A for a list of the BEST-Knee Study Team
members.

The present study was approved by the Research Ethics
Boards of the University of Alberta (PRO-00051108), University
of Calgary (REB 14-1294), and the Women’s College Hospital
(REB 2014-0092) at the University of Toronto. Both patient and
surgeon participants provided written informed consent.

Assessments. After providing written consent and prior to
surgeon consultation, patients completed a standardized ques-
tionnaire assessing sociodemographic characteristics (education,
income, living situation, employment status), history of prior joint
replacement of a hip or the contralateral knee, and preferences
for TKA based on their current understanding of the risks and
benefits of knee replacement and the severity of their arthritis
(5-point scale, measured from “definitely willing to consider sur-
gery now” to “definitely not willing to consider surgery now”).

Following a mandatory education session prior to TKA, a
second questionnaire was administered. Knee OA symptom
severity was assessed with the Western Ontario and McMaster
Universities Osteoarthritis (WOMAC) pain subscale (25,26) and
Knee Injury and Osteoarthritis Outcome Score physical function
(KOOS-PS) short form scale (27). Patients’ perceived ability to
cope with their knee OA pain was assessed with the 4-item Arthri-
tis Coping Efficacy scale (28,29). Items on this scale included the
following: “I am successfully coping with the pain of my arthritis”
and “I am successfully coping with the emotional aspects of my
arthritis,” with responses measured on a 5-point scale as
“strongly disagree” to “strongly agree.” Item scores are summed
to produce a score of 4–20, with higher scores indicating greater
perceived arthritis coping efficacy. To assess overall self-efficacy,

SIGNIFICANCE & INNOVATIONS
• This prospective cohort study assessed measures

of total knee arthroplasty (TKA) readiness among
patients with knee osteoarthritis (OA) pre-TKA and
surgical outcomes at 1 year post-TKA. Of 1,053
study participants, 78% achieved a good TKA out-
come (improved symptoms and satisfaction with
postoperative results).

• Controlling for other factors, the presence of unac-
ceptable knee symptoms and a preoperative defi-
nite willingness to undergo TKA were associated
with a good TKA outcome at 1 year post-TKA.

• Consideration of patients’ psychological readiness
for TKA in surgical decision-making may enhance
outcomes of surgery and appropriate TKA use.
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participants also completed the General Self-Efficacy Scale,
which asks respondents to indicate their level of agreement with
responses of 1, 2, 3, and 4 indicating “Not at all true,” “Hardly
true,” “Moderately true,” and “Exactly true,” respectively, for each
of 10 statements, such as, “I can always manage to solve difficult
problems if I try hard enough,” and “If someone opposes me, I
can find the means and ways to get what I want.” Item scores
are summed to create a total score of 10–40, with higher scores
indicating greater general self-efficacy (30).

To assess health status, we evaluated the following in study
participants: height and weight of participants to calculate body
mass index (BMI), incidence of depressed mood using the Patient
Health Questionnaire 8-item depression scale (PHQ-8) (31),
physician-diagnosed conditions for which they were receiving
treatment, and musculoskeletal comorbidity (pain or stiffness of
the hips, contralateral knee, or low back). We also assessed the
acceptability of their knee symptoms, which was evaluated with
responses of “acceptable” or “unacceptable” on the Patient
Acceptable Symptom State (PASS) questionnaire as an additional
measure of psychological readiness for TKA (32). On the PASS
questionnaire, the following prompt is given, “Think about all the
ways your knee OA has affected you during the last 48 hours. If
you were to remain in the next few months as you were the last
48 hours, would this be acceptable or unacceptable to you?” This
prompt thus determines the subject’s overall state of well-being
(feeling good) in the context of their knee symptoms. The age
and sex of participants were obtained from clinic records.

One year postsurgery, participants completed a questionnaire
(WOMAC pain and KOOS-PS) to reassess knee symptoms and
assess for surgical complications (open-ended text), patient global
assessment of disease activity (PtGA) of change in knee pain and
function prior to TKA compared to knee pain and function following
TKA (possible responses on the PtGA were as follows: “much
better,” “somewhat better,” “about the same,” “somewhat worse,”
and “muchworse”), andoverall satisfactionwith TKA results (4-point
Likert scale,with responses including “verydissatisfied,” “somewhat
dissatisfied,” “somewhat satisfied, and “very satisfied”) (33).
Participant-reported complications were verified against the partici-
pants’ electronic health record. To optimize response rates, ques-
tionnaires were completed online, by interview, or on paper as
desired by the study participant.

Exposures of interest and covariates. Exposures of
interest were measures of psychological readiness for TKA, which
included willingness of the patient to undergo TKA at surgeon
consultation and responses on the patient-reported PASS ques-
tionnaire, which assessed if knee symptoms were “acceptable”
or “unacceptable.” We assumed that the majority of individuals
scheduled to undergo TKA for knee OA would indicate they were
definitely willing to have the surgery and hypothesized that those
who were “probably willing,” “unsure,” or “unwilling” might be
“less ready” and thus potentially less likely to experience a good

outcome. Thus, willingness was dichotomized as “definitely will-
ing” at surgeon consultation (yes/no). Covariates were depressed
mood (measured on the PHQ-8) and additional preoperative fac-
tors that have been associated prospectively with TKA outcome
(age, sex, WOMAC pain, KOOS-PS, Perceived Arthritis Coping
Efficacy, General Self-Efficacy scale, BMI, number of nonmuscu-
loskeletal comorbid conditions, musculoskeletal comorbidity
[pain/stiffness in hips, contralateral knee, or low back], and occur-
rence of a TKA-related complication, which was defined as any
revision, manipulation, infection, or patellar resurfacing [yes/no]).

Primary outcome. In prior qualitative work, surgeons and
patients defined a TKA as “worthwhile” and thus appropriate if it
resulted in symptom improvement and patient satisfaction with
surgical results (11–14). Thus, in the present study, we used a
composite dichotomous outcome to assess the net benefit from
surgery, which was characterized by a patient meeting
the Outcome Measures in Rheumatology (OMERACT)–Osteoar-
thritis Research Society International (OARSI) responder criteria
and a patient’s reported overall satisfaction (somewhat or very) with
TKA results (yes/no). The OARSI-OMERACT criteria require the fol-
lowing: 1) knee pain described as “much improved” or “somewhat
improved” on the PtGA, 2) an absolute improvement in pain on the
WOMAC scale and function on the KOOS-PS of >20%, 3) and
improvements in pain on the WOMAC scale and function on the
KOOS-PS of >1/20 and 10/100, respectively (34).

Statistical analysis. After assessing distributions for nor-
mality, all variables were calculated using proportions, means, and
medians, as appropriate. The number of comorbid conditions
was summed and categorized as 0–1, 2, and ≥3 conditions. KOOS
scores were reverse-coded so that higher scores indicated worse
status. Preoperative characteristics and occurrence of a TKA com-
plication were compared by achievement of a good outcome using
chi-square test, Student’s t-test, and Wilcoxon’s rank sum test as
appropriate. Collinearity of independent variables was assessed
using a variance inflation factor of >4 and tolerance value of <0.25
(35). The relative risks (RRs) of a good TKA outcome associated
with each of our exposures of interest were estimated using Pois-
son regression with robust error estimation (36), before and after
controlling for covariates. Variable selection for multivariable model-
ing was based on a univariate screen; those variables associated
with a good TKA outcome at a P value of ≤0.25 were included in
the multivariable model. Occurrence of a TKA complication (any/-
none) was then added to the model to assess for any effects on
our exposures of interest. A sensitivity analysis was performed to
examine the relationship between “probable willingness” (yes/no)
to undergo TKA and achievement of a good outcome, with and
without adjustment for the variables in the original multivariable
model. Modeling was then repeated using multivariable logistic
regression to assess goodness of model fit and to estimate the
predicted probabilities of a good TKA outcome for combinations
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of patient willingness (yes/no response for “definitely willing”) and
responses on the PASS questionnaire (acceptable/unacceptable),
while holding all other variables constant. P values of <0.05 were
considered statistically significant. All statistical analyses were per-
formed in SAS, version 9.4.

RESULTS

Description of the cohort. Of 1,374 consenting and
eligible patients who completed preoperative assessments
and underwent TKA, 1,272 (92.6%) completed the one-year
follow-up assessment. Of these participants, 1,053 had complete
data for the outcome measured in the present study and were
included in analyses. There were no significant differences
(P < 0.05) in sociodemographic characteristics, pre-TKA OA
severity, health status, or measures of TKA readiness between
TKA recipients who had data for the primary outcome and those
without (data not shown).

Cohort characteristics overall and by TKA outcome.
The mean ± SD age of study cohort was 66.9 ± 8.8 years, and
58.6% of participants were female. More than half (56.4%) of
study participants had received postsecondary education,
46.2% had an annual income of more than $60,000, and 33.1%
were employed (Table 1). The median score for general self-
efficacy was 32 (interquartile range [IQR] 29–37). Mean ± SD
scores on the WOMAC pain subscale and KOOS-PS question-
naire were 11.4 ± 3.5 (on a 1–20 scale) and 52.8 ± SD 17.1 (on a
0–100-point scale), respectively, which indicated moderate-to-
severe knee OA symptoms. The mean ± SD score for perceived
arthritis coping efficacy was 13.4 ± 3.8. Among the study partici-
pants, themean ± SDBMI was 32.5 ± 6.3 kg/m2, with 13.0% hav-
ing a BMI of ≥40 kg/m2. Most participants (73.7%) had ≥1
nonmusculoskeletal comorbid conditions. Median score on the
PHQ-8 was 5.0 (IQR 2–10). One-half of the study participants
(50.6%) reported pain or stiffness in the contralateral knee, 23.1%
in one or both hips, and 25.4% in the low back; 15.9% had

Table 1. Characteristics of TKA recipients overall and by achievement of a good TKA outcome*

Characteristic
Total sample

Primary outcome
not achieved

Primary outcome
achieved

(n = 1,053) (n = 231) (n = 822)

Sociodemographic characteristics
Age, mean ± SD years 66.9 ± 8.8 66.8 ± 8.4 66.9 ± 8.9
Female sex 617 (58.6) 124 (53.7) 493 (59.9)
Postsecondary education 584/1,036 (56.4) 138/228 (60.5 446/808 (55.2)
White 947/1,036 (91.4) 206/228 (90.4) 741/808 (91.7)
Annual household income of >$60,000 420/910 (46.2) 88/196 (44.9) 332/714 (46.5)
Employed for pay 344/1,040 (33.1) 72/230 (31.3) 272/810 (33.6)
Living with others 835/1,040 (80.3) 181/229 (79.0) 654/811 (80.6)
Prior joint replacement hip or knee 164/1,030 (15.9) 40/224 (17.9) 124/806 (15.4)
General Self-Efficacy scale, median (IQR) score 32.0 (29.0–30.7) 32.0 (30.0–36.0) 32.0 (29.0–37.0)

Joint symptoms†
WOMAC pain, mean ± SD score (0–20 scale) 11.4 ± 3.5 10.2 ± 3.5 11.8 ± 3.4‡
KOOS-PS short form, mean ± SD score (0–100 scale) 52.8 ± 17.1 45.4 ± 17.0 54.9 ± 16.5‡
Perceived Arthritis Coping Efficacy,
mean ± SD score (4–40 scale)

13.4 ± 3.8 13.9 ± 3.6 13.2 ± 3.8‡

General health status
BMI, mean ± SD kg/m2 32.5 ± 6.3 32.3 ± 5.7 32.5 ± 6.4
Comorbid conditions
0 272/1,034 (26.3) 72/229 (31.4) 200/805 (24.8)
1 363 (35.1) 74 (32.3) 289 (35.9)
2 244 (23.6) 49 (21.4) 195 (24.2)
+3 155 (15.0) 34 (14.8) 121 (15.0)

Psychological readiness and willingness
PASS questionnaire response (“Knee symptoms Unacceptable”) 836/1,049 (79.7) 156/231 (67.5) 680/818 (83.1)‡
Willingness to undergo TKA
Definitely willing 905/1,031 (87.8) 180/225 (80.0) 725/806 (90.0)‡
Probably willing 96 (9.3) 38 (16.9) 58 (7.2)
Unsure 24 (2.3) 6 (2.7) 18 (2.2)
Definitely/probably unwilling 6 (0.6) 1 (0.4) 5 (0.6)

Occurrence of TKA complication at 1-year follow-up§ 23 (2.2) 18 (7.8) 5 (0.6)‡

* Except where indicated otherwise, values are the number (%) of recipients. Data are reported as the mean ± SD for normally distributed con-
tinuous variables, the median (interquartile range [IQR]) for non-normally distributed continuous variables, and frequency (%) for categorical
variables. Denominator is shown when response is <100%. P values are shown for univariate testing (Student’s t-test, the Wilcoxon rank sum
test, or chi-square test). BMI = body mass index; KOOS-PS = Knee Injury and Osteoarthritis Outcome Score physical function; PASS = Patient
Acceptable Symptom State; TKA = total knee arthroplasty; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† Higher score indicates worse symptoms.
‡ P < 0.05.
§ Includes 11 revisions, 7 manipulations under anesthesia, 3 patellar resurfacing, and 2 infections.
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undergone a prior joint replacement of the other knee or hip. Of the
1,053 study participants, 1,031 had reported their willingness to
consider TKA at surgeon consultation, 905 (87.8%) reported they
were definitely willing to undergo TKA, 96 (9.3%) indicated they
were probably willing, 24 (2.3%) were unsure, and 6 (0.6%) were
probably or definitely unwilling to undergo TKA. Most participants
(79.7%) reported their knee OA symptoms as being
“unacceptable.”

Patient-reported outcomes at 1 year post-TKA are shown in
Table 2. A total of 23 (2.2%) had experienced a TKA complication
(11 revisions, 7 manipulations under anesthesia, 3 patellar resur-
facings, and 2 infections). Including these individuals who experi-
enced TKA complications, 78.1% met our composite criteria for
a good TKA outcome (79.3% without a complication versus
21.7%with a complication; P < 0.0001). Compared to TKA recip-
ients who did not experience a good TKA outcome, those who
did have a good outcome had greater knee pain (measured on
the WOMAC pain subscale) and disability (measured on the
KOOS-PS questionnaire), lower scores for perceived arthritis
coping efficacy, no hip complaints, but contralateral knee symp-
toms were more likely to have unacceptable knee symptoms
and to be definitely willing to undergo TKA.

Relationship between measures of pre-TKA readi-
ness and achievement of a good TKA outcome at 1 year.
RRs and 95% confidence intervals (95% CIs) for exposures
of interest and covariates are shown in Table 3. In univariate
analyses, the following factors were eligible for inclusion in the
multivariable model: sex, WOMAC pain, KOOS-PS, comorbid
hip and knee complaints, and depressed mood (PHQ-8). In the
multivariable model, individuals with greater pre-TKA physical
function (adjusted RR of 1.05 [95% CI 1.03–1.08] per 10-unit
increase on the KOOS-PS questionnaire), individuals with
unacceptable knee symptoms (adjusted RR 1.14 [95% CI
1.02–1.27]) compared to those with acceptable knee symptoms,
and individuals who indicated definite willingness to undergo TKA

(adjusted RR 1.18 [95% CI 1.04–1.35]) compared to those who
were probably willing or unsure/unwilling to undergo TKA) were
at higher likelihood of having a good TKA outcome whereas those
with symptoms of depression (adjusted RR of 0.93 [95% CI
0.875–0.985] per 10-unit increase on the PHQ-8) or concomitant
hip complaints (adjusted RR 0.91 [95% CI 0.84–0.99]) were at a
lower likelihood of having a positive surgical outcome. No inde-
pendent effects were found for sex, WOMAC pain, arthritis coping
efficacy, or general self-efficacy.

In secondary analysis, adding occurrence of a complication
to the multivariable model, we found that those with complica-
tions were at a lower likelihood of experiencing a good TKA out-
come (adjusted RR 0.32 [95% CI 0.12–0.83]), but the estimated
RRs for our exposures of interest were unchanged. Using logistic
regression, model fit was good before inclusion of complications
and after inclusion of complications in the model (P values of
0.75 and 0.27, respectively, which were assessed with the Hos-
mer Lemeshow goodness-of-fit test).

The predicted probability of a good TKA outcome for combi-
nations of patient willingness and acceptability of knee pain as
measured on the PASS questionnaire are shown in Table 4. Mod-
els were run controlling for KOOS-PS score, PHQ-8 depression
score, and comorbid hip complaints; KOOS-PS and PHQ-8
scores were held at the median value for the cohort (52.8 and
5.0, respectively), and we assumed no hip complaints. The pre-
dicted probability of a good TKA outcome ranged from 66.8%
(95% CI 54.7%–77.1%) for those who were not definitely willing
to undergo surgery and who had acceptable symptoms (3.5%
of participants) to 86.1% (95% CI 83.0–88.7) for those who were
definitely willing to undergo surgery and had unacceptable symp-
toms (71.1% of participants). For 17% of study participants who
were definitely willing to undergo TKA but who had acceptable
knee symptoms, the estimated probability of a good TKA out-
come was 78.8% (95% CI 72.2–84.2).

In sensitivity analysis, the unadjusted and adjusted RRs for a
good outcome among individuals who were probably willing to

Table 2. Patient-reported outcomes at 1 year post–total knee arthroplasty*

Outcome Number (%)

Modified OMERACT–OARSI responder criteria
a) Knee pain on the PtGA much or somewhat improved 984 (93.45)
b) ≥20% improvement in pain on the WOMAC 991 (94.1)
c) ≥20% improvement in KOOS-PS short form scores 898 (85.3)
d) Absolute change in pain of ≥1/10 on the WOMAC 1009 (95.8)
e) Absolute change of ≥10/100 on the KOOS-PS short form 877 (83.3)
Met responder criteria 837 (79.5)†

Overall satisfaction with surgical results
Very satisfied 787 (74.7)
Somewhat satisfied 176 (16.7)

Achieved a good surgical outcome (OMERACT–OARSI score + overall satisfaction) 822 (78.1)†

* KOOS-PS = Knee Injury and Osteoarthritis Outcome Score physical function; OMERACT–OARSI =
Outcome Measures in Rheumatology–Osteoarthritis Research Society International; PASS = Pati-
ent Acceptable Symptom State; PtGA = patient global assessment of disease activity; WOMAC =
Western Ontario and McMaster Universities Osteoarthritis Index.
† Statistically significant.
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undergo TKA were 0.75 (95% CI 0.64–0.88) and 0.78 (95% CI
0.66–0.92), respectively, compared to an unadjusted RR of 1.25
(95% CI 1.09–1.43) and an adjusted RR of 1.18 (95% CI
1.03–1.34) for those who were definitely willing to undergo TKA.

DISCUSSION

In a large cohort of recipients of primary elective TKA for knee
OA, we examined the relationship between preoperative mea-
sures of psychological readiness for TKA with subsequent
achievement of a good TKA outcome 1 year post-TKA. Including
individuals who had experienced a TKA complication, 78% of
study participants experienced a good outcome based on mean-
ingful improvement in their knee symptoms and overall satisfac-
tion with results. Controlling for pre-TKA OA-related disability
(KOOS-PS), comorbid hip symptoms and depressed mood,

definite willingness to undergo TKA, and unacceptable knee
symptoms were associated with a greater likelihood of achieving
a good TKA outcome. Given that ensuring a patient’s psycholog-
ical and physical readiness for surgery is a critical component of
obtaining informed consent for any operative procedure, we
believe these findings are clinically important.

We conducted the current research with the view of improv-
ing appropriate provision of TKA—the proportion of TKA recipi-
ents who experience a “net benefit” from the surgery, as
measured by achievement of a good outcome. Based on our
prior work, we defined a “good TKA outcome” as a dichotomous
composite measure that incorporated both the “journey” (mea-
sured improvements in pain and function scores) and the “desti-
nation” (perceived improvement in pain and function and
satisfaction with surgical results) (37). Identifying preoperative
patient factors that accurately discriminate those who will benefit

Table 3. Relationship between exposures of interest and achievement of a good TKA outcome (n = 992)*

Independent variables

Dependent variable (primary outcome achieved [yes versus no])

Unadjusted RR (95% CI) Adjusted RR (95% Cl)

Covariates
Age (per decade) 1.00 (0.97–1.04)
Female sex 0.96 (0.90–1.03)† 0.98 (0.915–1.04)
General Self-Efficacy (per point) 1.00 (0.99–1.01)
WOMAC pain (per point) 1.03 (1.02–1.04)† 1.01 (1.00–1.02)
KOOS-PS (per point) 1.01 (1.005–1.01)† 1.05 (1.03–1.08)†
Perceived Arthritis Coping (per point) 0.99 (0.98–1.00)† 1.00 (0.99–1.01)
BMI (per unit) 1.00 (1.00–1.01)
Nonmusculoskeletal comorbid conditions (Ref. 0–1)
2 conditions 1.02 (0.92–1.34)
+3 conditions 1.06 (0.91–1.24)

PHQ-8 (per point) 1.005 (1.00–1.01)† 0.93 (0.875–0.985)†
Symptomatic hips (yes) 0.92 (0.84–1.00)† 0.91 (0.84–0.99)†
Symptomatic contralateral knee (yes) 1.09 (1.02–1.16)† 1.06 (1.00–1.13)

Measures of psychological readiness for TKA
PASS questionnaire response (“Knee symptoms
Unacceptable”)

1.26 (1.135–1.40)† 1.14 (1.02–1.27)†

Definitely willing to undergo TKA (yes versus no) 1.25 (1.09–1.43)† 1.18 (1.04–1.35)†
TKA complication (any versus none) 0.32 (0.12–0.84)† 0.32 (0.12–0.83)†

* A good total knee arthroplasty (TKA) outcome was defined by the following: 1) TKA recipient having met the Outcome Measures in
Rheumatology–Osteoarthritis Research Society International responder criteria and 2) TKA recipient indicating they were somewhat or very satis-
fied with their overall TKA results. 95% CI = 95% confidence interval; BMI = body mass index; KOOS-PS = Knee Injury and Osteoarthritis Outcome
Score physical function; PASS PHQ-8 = Patient Health Questionnaire 8; PtGA = patient global assessment of disease activity; RR = relative risk;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† Statistically significant.

Table 4. Predicted probability of a good TKA outcome by measures of TKA readiness*

Scenario†
Number (%) of

study participants Definitely willing PASS
Estimated probability of a good

TKA outcome (95% CI)

1 (best case) 879 (71) Yes Unacceptable 86.1 (83.0–88.7)
2 209 (17) Yes Acceptable 78.8 (72.2–84.2)
3 106 (8.5) No Unacceptable 77.1 (68.6–83.9)
4 (worst case) 44 (3.5) No Acceptable 66.8 (54.7–77.1)

* 95% CI = 95% = confidence interval; PASS = Patient Acceptable Symptom State; TKA = total knee arthroplasty.
† Models were run controlling for score on the Knee injury and Osteoarthritis Outcome Score physical function (KOOS-
PS) short form, score on the Patient Health Questionnaire 8 (PHQ-8) depression subscale, and the presence of comorbid
hip complaints. KOOS-PS and PHQ-8 depression scores were held at the median value for the cohort (52.8 and 5.0,
respectively), and we assumed no comorbid hip complaints.
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from TKA versus those who will not, based on achievement of a
good outcome, is essential to improving the performance of this
common procedure.

In our prior work, patients with knee OA described having a
“good attitude” about TKA as critical to achieving a good TKA
outcome (12,14). In the present study, we assessed partici-
pants’ attitudes about TKA based on their reported willingness
to undergo TKA at surgeon consultation. The likelihood of
achieving a good TKA outcome in the present study was 18%
higher in those who were definitely willing to undergo TKA
versus those who were not. In sensitivity analysis, we also
showed that those who were “probably willing” to undergo
TKA were less likely than those who were “definitely willing” to
undergo TKA to experience a good TKA outcome. We and
others have shown that, in the context of joint replacement for
hip/knee OA, willingness to undergo surgery reflects patients’
perceptions and beliefs about the benefits and risks of surgery
and their acceptability (21,38). A potential explanation for our
current findings is that individuals with a greater willingness to
undergo TKA may have more realistic expectations for the post-
operative disease course and be more adherent to postopera-
tive treatment recommendations (39,40). Alternatively, greater
willingness to undergo surgery may reflect greater optimism
about one’s health overall, which has been linked to better
physical health outcomes (16,17). To our knowledge, this is
the first study of TKA recipients to demonstrate a clear relation-
ship between an individual’s willingness to consider TKA and
the achievement of a “net benefit” from surgery.

In prior work (11–14), patients and surgeons have agreed
that TKA was appropriate for patients if their knee OA symptoms
were no longer acceptable. Thus, we were also interested in the
relationship of symptom acceptability, measured using the
PASS questionnaire, and TKA outcome. Controlling for other
factors, we found that TKA recipients with unacceptable symp-
toms pre-TKA were at significantly higher odds of having a good
TKA outcome. Interestingly, 17% of our TKA recipients indicated
that they were definitely willing to undergo TKA despite their
knee symptoms being acceptable. The motivation for TKA in
these individuals is unclear but may reflect secular and lifestyle
trends in perceptions of TKA from one of “managing disability”
to a more proactive approach of “disability prevention” (41).
Although the difference between these groups did not achieve
statistical significance, the estimated probability of a good TKA
outcome for this subset of the cohort was 7.3% lower than it
was for participants who were definitely willing to undergo TKA
and had unacceptable symptoms. These findings are consistent
with the notion that patient readiness for TKA is an important
contributor to achieving a “net benefit” from surgery. Further
research is warranted to confirm or refute the results of the
present study.

Our aim was to identify novel patient factors that might help
explain why, despite surgical advances, 15–30% of individuals

who undergo TKA for knee OA do not achieve a good outcome.
Thus, we recruited individuals receiving TKA for knee OA. As
would be expected for people seeking surgeon consultation
regarding TKA, the majority were definitely willing to undergo
TKA at consultation. We did not reassess willingness pre-TKA as
we assumed that those who consented to undergo surgery were
definitely willing to have it. However, our finding of a relationship
between willingness at consultation and TKA outcome suggests
that not all patients who consent to surgery are convinced they
should have it. Others have also found that some patients who
decided to have surgery and were on the surgery waiting list
remained ambivalent or uncertain about their decision (14). The
observed uncertainty of some of the study participants may
reflect lack of information about alternatives to surgery and their
consequences or the emotional distress associated with making
a choice involving risk and uncertain outcomes (14). Regardless,
the findings of the present study support the need for informed
and shared decision-making between patient and surgeon that
incorporates assessment of underlying beliefs about the indica-
tions for, benefits of, and risks associated with primary TKA so
that these factors can be weighed during shared decision-
making.

To date, the strongest determinant of postoperative pain and
function is preoperative pain and function (6,42,43). Controlling
for preoperative knee symptoms (44–46), mental health status
and comorbidity (19,47), including the presence of other muscu-
loskeletal problems, have been consistently shown to contribute
independently to pain and function outcomes (43). However, as
noted earlier, this research has largely examined predictors of
the magnitude of change in symptoms and/or the level of pain
and disability at follow-up rather than the achievement of a good
outcome. The current study found that greater preoperative phys-
ical function, decreased incidence of depressed mood, and
absence of comorbid hip complaints were associated with a
greater likelihood of achieving a good patient-reported TKA out-
come. These findings may be useful in patient–physician discus-
sions concerning TKA.

Greater preoperative self-efficacy has been variably linked
to better arthroplasty outcomes (48). The present study found
no significant relationship between preoperative general self-
efficacy and achievement of a good TKA outcome. Although
lower perceived arthritis coping efficacy was associated with a
greater likelihood of a good TKA outcome, this relationship was
attenuated and became nonsignificant after controlling for other
factors, including knee OA symptom severity and willingness to
undergo surgery. A potential explanation for the findings of the
present study is that the effect of individuals’ perceived arthritis
coping efficacy on TKA outcome is mediated by willingness to
consider surgery.

Strengths of our study include the large sample size, which
was likely representative of the patient population in that it was
inclusive of younger TKA recipients and 45 arthroplasty surgeons,
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who together perform ~60% of knee replacements in the province
(49). The large sample allowed for assessment of multiple mea-
sures of readiness and to control for other preoperative factors
that have been linked to TKA outcome.

There are also potential study limitations. First, in Canada,
consultation with an orthopedic surgeon requires referral from
a primary care or other physician. This may explain the high pro-
portion of patients with definite willingness to consider surgery
prior to seeing the surgeon in consultation but should not affect
the relationship between willingness and surgical outcomes.
Second, due to our focus on patient appropriateness for sur-
gery, we did not control for perioperative and postoperative fac-
tors, such as the type and adequacy of pain management or the
hospital experience (50), which may also contribute to a good
TKA outcome. Third, despite the size of the study sample, this
study was conducted in a single Canadian province and partic-
ipants predominantly self-identified as White, thus findings may
not be generalizable to other settings. Finally, we did not con-
sider the influence of knee OA severity on imaging or clinical
examination as we had previously found that surgeons felt this
information was important for surgical planning and approach,
but not relevant in determining patient appropriateness. Worse
knee OA on examination and imaging (e.g., flexion deformity or
severe malalignment) may influence patients’ readiness to
undergo surgery and may contribute to TKA outcome. How-
ever, the direction of these relationships is unclear. Individuals
with advanced changes may be less willing to undergo surgery
due to fear of suboptimal outcome or complications; alterna-
tively, these individuals may be more willing due to higher bur-
den of pain and functional limitations.

In conclusion, controlling for preoperative knee function,
comorbid hip complaints, and depressed mood, our study found
that unacceptable pre-TKA knee OA symptoms and definite will-
ingness to undergo TKA were associated with a greater likelihood
of achieving a composite measure of a good TKA outcome.
These findings underscore the need for enhanced, shared
patient–surgeon decision-making in TKA, which considers the
mental and physical readiness of patients and their willingness to
undergo surgery based on an informed understanding of the risks
and potential benefits in the context of their knee OA experience.
Fostering patient–physician discussion about the likelihood of
benefit from TKA, and thus appropriateness for surgery, has
potential to improve TKA outcomes and use of limited health care
resources.
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Association Between Baseline Meniscal Symptoms and
Outcomes of Operative and Nonoperative Treatment of
Meniscal Tear in Patients With Osteoarthritis
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Objective. Patients with meniscal tears reporting meniscal symptoms such as catching or locking have traditionally
undergone arthroscopy. The present study was undertaken to investigate whether patients with meniscal tears who report
meniscal symptoms have greater improvement with arthroscopic partial meniscectomy (APM) than physical therapy (PT).

Methods. We used data from the Meniscal Tear in Osteoarthritis Research (MeTeOR) trial, which randomized
participants with knee osteoarthritis (OA) and meniscal tear to APM or PT. The frequency of each meniscal symptom (click-
ing, catching, popping, intermittent locking, giving way, swelling) was measured at baseline and 6 months. We used linear
regression models to determine whether the difference in improvement in Knee Injury and Osteoarthritis Outcome Score
(KOOS) pain score at 6months between patients treated with APM versus PTwasmodified by the presence of eachmenis-
cal symptom.We also determined the percentage of participants with resolution ofmeniscal symptoms by treatment group.

Results. We included 287 participants. The presence (versus absence) of any of the meniscal symptoms did not
modify the improvement in KOOS pain score between APM versus PT by >0.5 SD (all P interaction >0.05). APM led
to greater resolution of intermittent locking and clicking than PT (locking 70% versus 46%, clicking 41% versus
25%). No difference in resolution of the other meniscal symptoms was observed.

Conclusion. Meniscal symptoms were not associated with improved pain relief. Although symptoms of clicking
and intermittent locking had a greater reduction in the APM group, the presence of meniscal symptoms in isolation
should not inform clinical decisions surrounding APM versus PT in patients with meniscal tear and knee OA.

INTRODUCTION

Symptomatic knee osteoarthritis (OA) affects an estimated

14 million individuals in the US, with up to 91% of patients with

knee OA demonstrating a meniscal tear on magnetic resonance

imaging (MRI) (1,2). Knee symptoms such as catching, popping,

or locking elicited in young persons with acute injuries have been

considered mechanical symptoms. Historically, these mechanical
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symptoms along with symptoms such as pain with twisting have

been grouped together as “meniscal symptoms” and attributed

to meniscal tear or to other internal derangements. These patients

were often referred to orthopedic surgeons for consideration of

arthroscopic diagnosis and management. However, in the current

era of advanced imaging, meniscal tear can be visualized on MRI,

obviating the need for direct surgical visualization.
Middle-aged and older patients with knee OA frequently

report meniscal symptoms; clinicians continue to suspect symp-
tomatic meniscal tear in these patients, even though there is little
evidence that meniscal symptoms stem from meniscal pathology
in older patients with degenerative (rather than traumatic) menis-
cal tears (3). In fact, prior evidence suggests that meniscal tears
were seen in a similar proportion of asymptomatic and symptom-
atic knees (4).

Randomized trials comparing surgical treatment versus con-
servative therapy for patients with degenerative meniscal tears
have found that both strategies reduce pain (5–8). Although
meniscal symptoms may not be specific to meniscal damage,
many clinicians feel that patients with meniscal symptoms may
represent a subgroup with a favorable response to arthroscopic
partial meniscectomy (APM) (9), as resection of the torn meniscus
is thought to aid in restoring smooth joint motion. Therefore, there
is considerable interest in whether patients with meniscal symp-
toms might benefit more from surgery than those without these
symptoms.

Our group previously developed a more comprehensive list
of commonly considered meniscal symptoms based on input
from physicians, physical therapists, and patients. While the orig-
inal list included several pain parameters, here we focus on the
traditional mechanical or meniscal symptoms including clicking,
catching, popping, intermittent locking, giving way, and swelling
of the knee (10). We sought to evaluate whether patients reporting

any of these expanded meniscal symptoms had greater improve-
ment with APM than with physical therapy (PT) using data from
the Meniscal Tear in Osteoarthritis Research (MeTeOR) trial, a
randomized trial of APM versus PT in patients with knee OA and
meniscal tear (6). We evaluated the association between these
expanded meniscal symptoms, treatment group (APM, PT), and
patient improvement. Here, we test the null hypothesis that in
patients with OA, the association between treatment group and
6-month change in pain will not be different for those with versus
those without baseline meniscal symptoms.

PATIENTS AND METHODS

Study sample. We used data from participants in the
MeTeOR trial; details of this trial have been previously published
(6,11). Three hundred fifty-one subjects were recruited from
7 academic centers from 2008 through 2011. Participants
included males and females age ≥45 years who had at least
4 weeks of knee pain and an MRI with evidence of a meniscal tear
extending to the meniscal surface in at least 2 consecutive slices.
Included participants also had evidence of mild-to-moderate
osteoarthritic change (Kellgren/Lawrence [K/L] grade ≤3) as
determined by osteophyte and/or joint space narrowing on plain
radiographs, or full-thickness articular cartilage defect on at least
1 tibial or femoral surface on MRI. We excluded patients with a
chronically locked knee (e.g., subject unable to flex or extend
knee on examination), inflammatory arthritis, prior surgery on the
index knee, K/L grade 4 OA, and contraindication to MRI. Partici-
pants reporting locking but able to flex and extend the knee on
examination were included and are designated as “intermittent
locking” in our analyses. Participants were randomized either to
PT or to APM followed by the PT regimen. The surgical interven-
tion was APM with resection of the damaged meniscus back to
a stable rim. Meniscal repairs were not permitted as part of the
trial. All participants provided consent, and the study was
approved by the Partners HealthCare Human Research Commit-
tee (2005P000440). This trial is registered at ClinicalTrials.gov
(NCT00597012).

Data elements. We collected data on age, sex, and body
mass index (BMI, kg/m2) at baseline. The frequency of patient-
reported meniscal symptoms was obtained at baseline and
6-month follow-up. Meniscal symptoms included clicking, catch-
ing, popping, intermittent locking, giving way, and knee swelling.
Questionnaires assessed frequency of each meniscal symptom
as follows: none; once/week; 2–6 times/week; 1–2 times/day;
and several times/day. Based on the distribution of the
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SIGNIFICANCE & INNOVATIONS
• We leveraged data from a randomized control trial

to evaluate the association between meniscal
symptoms and knee pain after surgery versus phys-
ical therapy for meniscal tear.

• The presence or absence of meniscal symptoms
was not associated with differential pain outcomes
after surgery versus physical therapy.

• Knee symptoms such as clicking and catching have
historically been ascribed to meniscal pathology.
These data cast further doubt on the ability of
meniscal symptoms to help direct management of
meniscal tear.
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categorical responses, all meniscal symptoms were dichoto-
mized to “none” versus “any.” Radiographic severity of OA was
measured at baseline using the K/L grade (12).

Outcome and assessment. The primary outcome of
interest was change in patient-reported pain from baseline to
6-month follow-up assessed with the Knee Injury and Osteoar-
thritis Outcome Score (KOOS) pain scale (13). We transformed
KOOS pain score to a 0–100 scale, with 0 being least amount of
pain, and 100 the greatest, with negative change indicative of
improvement.

Statistical analysis. We described baseline characteris-
tics of the cohort using means and percentages. For the primary
analysis, we excluded the participants crossing over from PT to
APM prior to 6 months, as these participants could be early in
the recovery process at the 6-month assessment, as well as par-
ticipants randomized to APM who did not undergo the surgery.
The participants crossing over from PT to APM after 6 months
were included in the PT arm. Participants missing either baseline
or 6-month KOOS pain scores were excluded. We built separate
multivariable linear regressions for each meniscal symptom (click-
ing, catching, popping, intermittent locking, giving way, and swell-
ing), with the dichotomous symptom variable as the independent
variable, and change in KOOS pain score from baseline to
6 months as the dependent variable. We examined the interaction
between each meniscal symptom and treatment type (APM, PT)
on change in KOOS pain score. All models were adjusted for
age, sex, BMI, and baseline KOOS pain score.

In a second set of models, we also adjusted for K/L grade to
account for radiographic OA severity. In another sensitivity analy-
sis, we dichotomized meniscal symptoms as “less than daily”
(none; once/week; 2–6 times/week) versus “daily” (1–2 times/
day and several times/day) to allow investigation of participants
with more frequent meniscal symptoms. The original MeTeOR
trial was not powered to detect these interactions; thus, these
analyses are intended to be hypothesis generating.

To address potential bias due to the exclusion of crossovers
from the primary analysis, we assessed whether including cross-
overs in the APM arm or the PT arm altered results through 2 sen-
sitivity analyses. In the first, we used an intent-to-treat approach,
in which we included participants crossing over from PT to APM
prior to 6 months and participants crossing over from PT to
APM after 6 months in the PT arm. The second analysis used an
as-treated approach including participants crossing over from
APM to PT prior to 6 months in the APM arm. (The participants
crossing over after 6 months were kept in the PT arm, as the pri-
mary outcome was at 6 months.)

As a secondary analysis, we investigated resolution of
meniscal symptoms from baseline to 6-month follow-up. From
the subset of participants reporting any meniscal symptoms at
baseline, we defined “resolution” as those participants reporting

“none” at follow-up. We investigated differences in this outcome
across each treatment category, APM and PT. In this analysis,
we included participants crossing over from PT to APM after
6 months in the PT arm, and excluded patients crossing over
between arms during the first 6 months. Participants with missing
6-month meniscal symptom data were considered “non-
resolvers” rather than omitted, as this was felt to be the most
conservative analytic approach. We used contingency tables
and the chi-square test to assess for statistically significant differ-
ences in percent improvement among the treatment groups.
For all analyses P values less than 0.05 were considered statisti-
cally significant. All analyses were performed using SAS statistical
software, version 9.4.

RESULTS

Of the 351 participants,164 participants (47%) were ran-
domized to and received APM. One hundred nine (31%) were
randomized to PT and did not crossover; 14 participants (4%)
were randomized to PT but crossed over after 6 months and were
therefore included in the PT arm. Ten participants (3%) were ran-
domized to APM but did not have the procedure, and 54 (15%)
were randomized to PT but received APM within 6 months and
were excluded from analysis. The primary analysis included the
287 participants (82%) who were randomized to and received
APM or were randomized to and received PT in the first
6 months. Mean age and BMI were similar among the treatment
groups. Clicking, catching, popping, and giving way were pres-
ent in 48–67% of participants at baseline. Twenty-seven to 31%
of participants reported intermittent locking, and 71–75%
reported swelling. The percentage of participants reporting
each meniscal symptom by treatment group at baseline is
outlined in Table 1.

Primary analysis. In the primary analysis, participants ran-
domized to and receiving APM were considered in the APM
group (n = 164), and those randomized to PT who remained in
the PT group at least until 6 months were considered in the PT
group (n = 123). Six-month change in KOOS pain score was
missing in 23 participants in the APM group and 20 participants
in the PT group; thus, the final analysis included 141 in the APM
group and 103 in the PT group. Overall, regardless of meniscal
symptoms at baseline, those undergoing APM had slightly greater
improvement in KOOS pain scores at 6 months compared to
PT. In the individual models for meniscal symptoms after adjust-
ment for age, sex, BMI, and baseline KOOS pain score, partici-
pants without clicking, catching, popping, or locking and with
giving way and swelling had a small but greater improvement in
KOOS pain score after APM than PT. Assuming that the SD of
KOOS pain score is 15 (14), the differences correspond to an
effect size of 0.3–0.5. Participants with clicking, catching, pop-
ping, or locking and without giving way and swelling had minimal
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differences in KOOS pain score between APM and PT. All interac-
tion P values were > 0.09 (Table 2). Further adjusting models for
K/L grade did not alter results. The results of this analysis did not
change when meniscal symptoms were considered as daily ver-
sus less than daily, aside from swelling, where those with daily
and less than daily swelling had a 3- and 5-point greater improve-
ment with APM, respectively (see Supplementary Table 1, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24588). As in the primary
analysis, the effect of each meniscal symptom on change in
KOOS pain score over 6 months was not modified by treatment
(P value for interaction >0.05 for each symptom).

Sensitivity analyses. In the sensitivity analysis, using an
intent-to-treat approach, 177 participants were categorized as
PT, and 164 as APM. Change in KOOS pain score over 6 months
was missing in 26 participants in the PT group, and 23 in the APM
group. At baseline, the crossover group had a higher percentage
of female participants at 65%, versus 57% for APM and 54% for
PT. Mean baseline KOOS pain score was also greater in the
crossover participants at 51, versus 46 for both APM and PT
(see Supplementary Table 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24588). Results were analogous to the primary analysis, and
the presence or absence of each meniscal symptom and

Table 1. Baseline characteristics by treatment group*

Characteristic

Arthroscopic
partial

meniscectomy
(n = 164)

Physical
therapy
(n = 123) P

Age, mean ± SD years 59 ± 8 58 ± 6 0.08
BMI, mean ± SD 30 ± 6 30 ± 6 0.99
Female 94 (57) 67 (54) 0.63
KOOS pain score, mean ± SD 46 ± 16 46 ± 16 0.74
Kellgren/Lawrence grade 0.29
0 14 (9) 10 (8)
1 31 (19) 34 (28)
2 63 (38) 37 (30)
3 56 (34) 42 (34)

Meniscal symptoms
Clicking 106 (66) 80 (67) 0.81
Catching 81 (51) 62 (52) 0.86
Popping 79 (50) 61 (51) 0.85
Intermittent locking 43 (27) 37 (31) 0.42
Giving way 77 (48) 64 (54) 0.27
Swelling 114 (71) 90 (75) 0.49

* Values are the number (%) unless indicated otherwise. Of the 287 participants, data were missing
on 0–6% for each baseline characteristic. BMI = body mass index; KOOS = Knee Injury and Osteoar-
thritis Outcome Score.

Table 2. Change in Knee Injury and Osteoarthritis Outcome Score (KOOS) pain score for arthroscopic partial menis-
cectomy (APM) and physical therapy (PT) by presence of meniscal symptom*

Mean change in KOOS pain score from baseline
to 6 months (95% CI)†

Difference
(95% CI)‡

P for
interactionPT APM P

Clicking 18.9 (14.7, 23.2) 22.2 (18.6, 25.8) 0.24 –3.3 (–8.8, 2.2) 0.58
No clicking 21.9 (16.4, 27.4) 27.8 (22.9, 32.7) 0.11 –5.9 (–13.1, 1.4) 0.58
Catching 20.1 (15.3, 24.8) 21.9 (17.8, 25.9) 0.56 –1.8 (–8.0, 4.3) 0.37
No catching 20.6 (15.9, 25.4) 26.5 (22.2, 30.7) 0.07 –5.8 (–12.1, 0.4) 0.37
Popping 18.9 (13.9, 23.8) 21.2 (17.1, 25.2) 0.47 –2.3 (–8.7, 4.0) 0.41
No popping 21.6 (17.0, 26.1) 27.6 (23.5, 31.6) 0.05 –6.0 (–12.0, 0.04) 0.41
Intermittent locking 21.2 (15.2, 27.1) 21.5 (15.7, 27.3) 0.94 –0.3 (–8.6, 7.9) 0.32
No intermittent locking 19.9 (15.9, 24.0) 25.2 (21.8, 28.5) 0.05 –5.2 (–10.5, –0.02) 0.32
Giving way 17.8 (13.0, 22.5) 25.7 (21.5, 29.8) 0.01 –7.9 (–14.1, –1.7) 0.09
No giving way 22.7 (17.8, 27.5) 22.9 (19.0, 26.9) 0.93 –0.3 (–6.4, 5.9) 0.09
Swelling 19.8 (16.0, 23.7) 25.9 (22.4, 29.3) 0.02 –6.0 (–11.1, –0.9) 0.12
No swelling 22.5 (15.7, 29.3) 20.6 (15.1, 26.1) 0.66 1.9 (–6.7, 10.4) 0.12

* 95% CI = 95% confidence interval.
† Adjusted for age, sex, body mass index, and baseline KOOS pain score.
‡ Negative values favor APM, and positive values favor PT.
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treatment type did not clinically or statistically significantly modify
the change in KOOS pain score at 6 months (see “intention to
treat” in Supplementary Table 3, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24588). In the second sensitivity analysis including those
crossing over from PT to APM prior to 6 months in the APM
arm, 218 were categorized as APM, and 123 as PT. Change in
KOOS pain score over 6 months was missing in 29 participants
in the APM arm and in 20 participants in the PT arm. Again, the
results were similar to the primary analysis (see “as treated” in
Supplementary Table 3, available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24588).

Secondary outcome. In this analysis, participants cross-
ing over from PT to APM after 6 months were included in the PT
arm, while those crossing over before 6 months were excluded.
For each meniscal symptom, 14–32 participants did not provide
6-month data, and missingness did not vary between treatment.
At 6 months, the percentage of participants with resolution
(reporting any meniscal symptom at baseline and none at
6-month follow-up) for clicking, catching, popping, intermittent
locking, and giving way was greater in those undergoing APM.
Among those undergoing PT, clicking resolved in 25%, catching
in 50%, popping in 38%, locking in 46%, and giving way in 55%.
Improvement in swelling was greater in the PT group than in those
receiving APM (Table 3). The greater extent of resolution in inter-
mittent locking and clicking in the APM group as compared with
the PT group was statistically significant (P < 0.05).

DISCUSSION

Our study suggests that, in general, individuals with OA and
meniscal symptoms do not have greater clinically meaningful
improvement in pain after APM compared with PT. The differ-
ences in 6-month change KOOS pain score between APM and
PT did not exceed 7.9 points; as the minimum clinically important
difference for KOOS pain score is 8–15 points (15,16), these dif-
ferences are unlikely to be clinically meaningful (15). In separate
analyses for each symptom, the presence of clicking, catching,
popping, intermittent locking, and swelling at baseline did not
demonstrate a statistically significant or clinically greater improve-
ment in 6-month pain outcomes with APM than with PT. Only with

presence of giving way did the difference between APM and PT
reach an effect size of 0.5, indicating a moderate effect. While a
greater proportion of participants undergoing APM reported
improvement in clicking, catching, popping, giving way, and inter-
mittent locking over 6 months, only intermittent locking and click-
ing showed statistically significant differences in improvement
among the treatment groups. This suggests that APM may offer
greater relief of clicking and intermittent locking meniscal symp-
toms than PT despite not offering greater relief of pain.

Our findings are comparable to those of 2 recent studies.
Sihvonen et al (16) analyzed data from the FIDELITY trial, in which
participants with meniscal tear without knee OA were randomized
to APM versus sham surgery, to evaluate whether participants
with meniscal symptoms (sensation of catching or locking) had
greater improvement with APM. Results demonstrated no signifi-
cant difference in the prevalence of meniscal symptoms after
APM versus sham surgery at 2, 6, or 12 months (16). Our study
differs in that we found that APM was more likely to relieve inter-
mittent locking and clicking than PT. But, like Sihvonen et al, we
also found that relief in overall pain was not influenced by meniscal
symptoms (17).

Gauffin et al included patients with meniscal tear and
Ahlbäck grade 0 knee OA (<50% joint space narrowing) random-
ized to exercise versus APM. Secondary analyses of this study
showed no effect of meniscal symptoms (catching or locking for
>2 seconds) or interaction between meniscal symptoms and
treatment on change in KOOS pain score at 3-year follow-up
(18). Similar results were seen in the main trial with 1-year follow-
up (19). However, the 3-year as-treated data also found that par-
ticipants with meniscal symptoms had less improvement in
KOOS pain score with APM. The 5-year follow-up data from this
study again demonstrated a statistically significant greater reduc-
tion in KOOS pain score for those without meniscal symptoms in
the APM group (20). As noted by Gauffin et al, meniscal symp-
toms may be nonspecific and not necessarily reflect meniscal
pathology (18). Regardless, our study adds to this body of litera-
ture by evaluating a broader range of meniscal symptoms and
again suggests that traditional meniscal symptoms do not clearly
relate to meniscal pathology in patients with OA, as assessed by
response to partial meniscal resection.

Orthopedic surgeons generally assert that the decision to
refer a patient with meniscal tear for surgical evaluation should

Table 3. Proportion of participants with resolution of meniscal symptoms over 6 months by each treatment category*

Resolution Clicking Catching Popping Locking Giving way Swelling

APM 43 (41)† 48 (59) 39 (49) 30 (70)† 44 (57) 43 (38)
PT 20 (25)† 31 (50) 23 (38) 17 (46)† 35 (55) 36 (40)
RR (95% CI)‡ 1.62 (1.04, 2.53) 1.19 (0.87, 1.61) 1.31 (0.88, 1.94) 1.52 (1.02, 2.27) 1.04 (0.78, 1.40) 0.94 (0.67, 1.33)

* Values are the number (%) unless indicated otherwise. Resolution reflects participants with any symptom at baseline and none at 6-month
follow-up, if data missing at 6 months are regarded as no resolution. APM = arthroscopic partial meniscectomy; PT = physical therapy;
RR = relative risk.
† P < 0.05 for difference in resolution between APM and PT groups.
‡ RR >1 favors APM.
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not be based on the presence of meniscal symptoms alone but
be grounded in the surgeon’s clinical judgement and patient pref-
erence. We acknowledge the wide range of views on this impor-
tant topic and encourage additional research, such as ours, to
clarify unresolved questions regarding the nature of meniscal
symptoms and their role in selecting patients for treatment
(19,21–23). Prior work from our group using MeTeOR data has
shown that patients with fewer osteoarthritic changes on MRI
(bone marrow lesions and cartilage damage) have greater
improvement of pain with APM than with PT, while those with
more substantial OA changes have similar outcomes regardless
of whether they undergo APM or PT (24). Therefore, clinical fea-
tures such as extent of underlying OA and tear type may be more
salient to the initial surgical decision than the presence or fre-
quency of meniscal symptoms (24,25). In our study, adjusting
for K/L grade, a radiographic marker of OA severity, did not alter
results. However, it is likely K/L grade is not sensitive enough to
capture underlying pathology. Overall, studies on the use of
APM for treatment of meniscal tear have not found APM to be
superior to PT (6,7,8,26), although Gauffin et al (19) found benefit
to APM and PT compared with PT alone. Based on the current
evidence, there are no widely accepted criteria for identifying
patients more likely to improve from APM than from PT.

Our study has several limitations. Thirty-one percent (n = 54)
of the participants randomized to PT crossed over to APM over
6 months. To address bias from excluding these participants,
we included them in intent-to-treat and as-treated analyses. The
results of these analyses were similar to those of the primary anal-
ysis. We excluded participants without complete 6-month KOOS
pain score data, which may introduce bias. As this study is a sec-
ondary analysis of MeTeOR data, we have limited power to detect
interactions. We did not correct for multiple comparisons and
thus recommend caution in interpretation. The follow-up period
was 6 months; therefore, we are unable to assess if these results
are durable. Meniscal symptoms, including intermittent locking,
fluctuate over time. We cannot rule out that any observed
improvement was due to chance or natural disease course
instead of treatment, and additional confirmatory studies are war-
ranted. Last, as all patients had OA changes in addition to menis-
cal tear, we were unable to ascertain whether the etiology of the
meniscal symptoms was indeed the meniscus or other sources
such as damage to cartilage or surrounding structures. Finally,
we cannot use these data to draw conclusions regarding younger
patients with traumatic-type tears.

In conclusion, our results suggest that in our patients with
mild-to-moderate knee OA and meniscal tear, the presence of
self-reported clicking, catching, popping, intermittent locking, or
swelling does not identify a subgroup that is more likely to have
pain relief following APM. Although symptoms of clicking and
intermittent locking had a greater reduction in the APM group,
the presence of meniscal symptoms in isolation is not sufficient
to make a clinical decision regarding APM versus PT for the

reduction of pain in this patient population, and further clinical
data points must be considered, including patient characteristics,
physical examination results, and imaging findings.
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Presence of Magnetic Resonance Imaging–Defined
Inflammation Particularly in Overweight and Obese
Women Increases Risk of Radiographic Knee
Osteoarthritis: The POMA Study

Frank W. Roemer,1 Ali Guermazi,2 Michael J. Hannon,3 Tomoko Fujii,3 Patrick Omoumi,4 David J. Hunter,5

Felix Eckstein,6 and C. Kent Kwoh3

Objective. The present study was undertaken to assess whether the odds for incident radiographic osteoarthritis
(OA) differ between men and women in regard to body mass index (BMI) and inflammatory magnetic resonance imag-
ing (MRI) markers 1 and 2 years prior, and whether the presence of inflammation on MRI differs between normal-weight
and overweight/obese individuals who develop radiographic OA up to 4 years prior.

Methods. We studied 355 knees from the Osteoarthritis Initiative study that developed incident radiographic OA
and 355 matched controls. MRIs were read for effusion-synovitis and Hoffa-synovitis for up to 4 consecutive annual
time points. Subjects were classified as normal-weight (BMI <25), overweight (BMI ≥25 and <30), or obese (BMI ≥30).
Conditional logistic regression was used to assess odds of incident radiographic OA for effusion-synovitis and
Hoffa-synovitis at 1 and 2 years prior to radiographic OA incidence (i.e., “P-1” and “P-2”) considering BMI category.
Bivariate logistic regression was used to assess odds of inflammation for cases only.

Results. One hundred seventy-eight (25.1%) participants were normal weight, 283 (39.9%) overweight, and
249 (35.1%) obese. At P-2, being overweight with Hoffa-synovitis, which had an odds ratio [OR] of 3.26 (95% confidence
interval [95%CI] 1.39−7.65), or effusion-synovitis (OR 3.56 [95%CI 1.45–8.75]) was associated with greater odds of inci-
dent radiographic OA in women. For thosewith incident radiographic OA, there were no increased odds of synovitis in the
overweight/obese subgroup for most time points, but increased odds for effusion-synovitis were observed at P-2
(OR 2.21 [95% CI 1.11–4.43]).

Conclusion. Presence of inflammatory markers seems to play a role especially in overweight women, while obese
women have increased odds for radiographic OA also in the absence of these markers.

INTRODUCTION

Obesity is one of the key risk factors for the development of

knee osteoarthritis (OA) (1). Associations linking OA development

to components of the so-called metabolic syndrome beyond obe-

sity have been suggested. These include chronic low-grade

inflammation, a feature shared by OA and metabolic disorders

that may contribute to the genesis of both (2,3). While studies
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have reported that the metabolic syndrome is clearly associated

with increased risk of knee OA (4), a recent meta-analysis sug-

gested that this may only be indirect, and that there was insuffi-

cient evidence that the metabolic syndrome was associated with

incident knee OA independent of body mass index (BMI) (5).
Beyond proinflammatory systemic factors, local intraarticular

adipose tissues such as Hoffa’s fat pad produce inflammatory
and catabolic mediators that may contribute to OA pathogenesis
(6). Further, it is unclear whether women and men show differ-
ences regarding the presence of metabolic syndrome and inci-
dent knee OA. While one study did not report any sex-specific
differences (3), others have highlighted that inflammation and
metabolic syndrome may have a larger impact on OA incidence
in women compared to men (7). We hypothesize that individuals
with high body mass index (BMI) and local inflammation as
assessed by magnetic resonance imaging (MRI), considered as
surrogates for some of the components of the metabolic syn-
drome (8), may be at increased odds for incident knee OA, and
that overweight and obese individuals are at increased odds for
exhibiting signs of local joint inflammation as assessed by MRI
up to 4 years prior to the incidence of radiographic OA.

The aims of this study were as follows: to assess whether
odds for incident radiographic OA differ between men and
women in regard to BMI and inflammatory MRI markers 1 and
2 years prior to radiographic OA incidence using a matched

case–control sample of subjects who developed or did not
develop incident radiographic OA; and to analyze whether
odds of presence of MRI features of inflammation such as
effusion-synovitis (effusion) and Hoffa-synovitis (synovitis) differ
between normal-weight, and overweight/obese individuals
who develop incident radiographic OA over a period of up to
4 years prior.

MATERIALS AND METHODS

The Osteoarthritis Initiative (OAI). The OAI is a longitu-
dinal cohort study designed to identify biomarkers of the onset
and/or progression of knee OA. Both knees of 4,796 participants
were studied using 3T MRI and fixed-flexion radiography at base-
line, 12, 24, 36, and 48 months of follow-up (9). The institutional
review boards at each of the sites approved the study, and all
participants gave informed consent.

Radiography. OAI knee radiographs were acquired using
the posteroanterior fixed-flexion weight-bearing protocol using
a positioning frame. Kellgren/Lawrence (K/L) grade was deter-
mined by central readings of baseline serial fixed-flexion knee
radiographs (10).

Case and control knee selection. Cases were defined
as study participants who had at least 1 knee that developed inci-
dent radiographic OA during the 4 years of follow-up. Incident
radiographic OA was defined as the first occurrence of radio-
graphic findings compatible with OA (K/L grade of ≥2 on the pos-
teroanterior view based on central readings) during the course of
study. This time point was called P0, with P-1 being defined as
the time point 1 year before radiographic OA was detected, P-2
defined as 2 years prior, P-3 three years prior, and P-4 four years
prior to when incident radiographic OA was read. All participants
fulfilling the case definition were included. An identical number of
control knees were selected from knees that did not develop inci-
dent radiographic OA during the study period. The controls were
matched to case knees according to K/L grade, sex, age (within
5 years), and contralateral knee OA status (i.e., K/L grade = 0,
1, or 2+ in the other knee). Each case was matched to those
who were at risk at the time of case occurrence and those with
available images at relevant time points, whether this was at
12, 24, 36, or 48 months of follow-up. Both cases and control
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knees were either K/L grade 0 or 1 at baseline based on central
readings. Only 1 knee per subject was used as a case knee.
A flow chart of the inclusion of cases and controls is included
as Supplementary Figure 1, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24568.

MRI acquisition and assessment. MRI of both knees
was performed on identical 3T systems (Siemens Trio) at the
4 OAI clinical sites. The OAI pulse sequence protocol and the
sequence parameters have been published in detail (9).

Two musculoskeletal radiologists with 11 (FWR) and 14
(AG) years’ experience of semiquantitative assessment of knee
OA at the time of reading, blinded to clinical data and case–control
status, read the MRIs according to theMRI OA Knee Score system
(11). Baseline and follow-up MRIs were read with the chronological

order known to the readers. Diffuse hyperintense signal on the sag-
ittal intermediate-weighted fat-suppressed sequence in the inter-
condylar region of Hoffa’s fat pad were scored from 0 to 3 as
a surrogate for synovial thickening, termed Hoffa-synovitis
(i.e., synovitis). The degree of hyperintensity was assessed accord-
ing to the following grades: 0 = normal, 1 = mild, 2 =moderate, and
3 = severe. Joint effusion (also called effusion-synovitis, as it is
not possible to discern joint fluid from synovial thickening on non–
contrast-enhanced MRI) was graded from 0 to 3 in terms of the
estimated maximal distention of the synovial cavity (i.e., effusion)
as follows: grade 0 = none, grade 1 = small, grade 2 = medium,
and grade 3 = large (11,12). Examples of the different grades of
Hoffa-synovitis and effusion-synovitis are presented in Figure 1.
Detailed reliability data of MRI assessment are presented in Sup-
plementary Table 1, available on theArthritis Care & Researchweb-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24568.

Figure 1. Magnetic resonance imaging (MRI) markers of inflammation in osteoarthritis (OA). Fluid-sensitive sequences are capable of delineating
intraarticular joint fluid. However, a distinction between true joint effusion and synovial thickening is not possible, as both are visualized as a hyper-
intense signal within the joint cavity. For this reason, the term effusion-synovitis was introduced, which in the MRI OA Knee Score system is scored
based on the distension of the joint capsule and is graded from 0 to 3 in terms of the estimated maximal distention of the synovial cavity, with 0 =
normal, grade 1 = <33% of maximum potential distention, grade 2 = 33–66% of maximum potential distention, and grade 3 = >66% of maximum
potential distention. Axial dual-echo steady-state MRI shows grade 2 effusion-synovitis (asterisk) (A) and grade 3 effusion-synovitis (asterisk) (B).
In addition, signal changes in Hoffa’s fat pad are commonly used as a surrogate for synovitis on non–contrast-enhanced MRI. Although synovitis
can only be visualized directly on contrast-enhanced sequences, it has been shown that Hoffa’s signal changes are a sensitive but nonspecific sur-
rogate of synovitis (C). Sagittal intermediate-weighted fat-suppressed MRI shows a discrete ill-defined hyperintense signal alteration in Hoffa’s fat
pad consistent with grade 2 Hoffa-synovitis (arrows) (D). Severe, grade 3 signal alterations almost occupying the entire fat pad are seen in this
image (arrows).
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Statistical analysis. Subjects were classified as normal
weight (BMI <25 kg/m2), overweight (BMI ≥25 kg/m2 and <30
kg/m2), or obese (BMI ≥30 kg/m2) at OAI enrollment. In the
case–control design part of the study, conditional logistic regres-
sion was used to assess the risk of incident radiographic OA
stratified by presence of synovitis and effusion focusing on the
time points P-1 and P-2 only. Presence of synovitis and effusion
was defined as “any,” i.e., knees that exhibited grades 1–3 of
synovitis or effusion on MRI. The time points P-3 and P-4 were
not considered, as low numbers did not allow meaningful inter-
pretation of the interactions (for P-3 only, 59 cases, and for P-4
only, 53 cases were available). For the case–control analysis,
stratification by sex was undertaken, and BMI, synovitis, and effu-
sion or the interaction were used as exposure variables. First, the
bivariate associations of radiographic OA and the different synovi-
tis and effusion categories and BMI were estimated. After this
initial analysis, the risk of radiographic OA for the interaction of
BMI and effusion/synovitis was examined. The category of normal
weight, especially in men, was sufficiently uncommon that we
used the overweight category as the referent for the BMI analysis
because it was the norm.

Bivariate logistic regression was used to assess the odds of
the presence of synovitis and effusion at time points P-1, P-2,
P-3, P-4, and baseline in subjects who developed radiographic
OA (i.e., only cases), comparing overweight and obese subjects

combined to subjects of normal weight as the reference. We con-
sidered a 2-tailed P value of less than 0.05 as statistically signifi-
cant. All statistical calculations were performed using Stata/IC,
version 11.2, for Windows and SAS, version 9.3.

RESULTS

A total of 355 case knees and 355 matched control knees
were included. Participants had a mean ± SD age of 60.2
± 8.6 years; 66.8% were female. Cases had a slightly higher
BMI compared to controls (28.9 kg/m2 versus 27.7 kg/m2;
P = 0.0003). No significant differences with regard to ethnicity
between cases and controls were observed (84% of the sub-
jects were White). The case-defining visit of radiographic OA
incidence was 12 months for 119 knees (33.5%), 24 months
for 83 knees (23.4%), 36 months for 103 knees (29.0%), and
48 months for 50 knees (14.1%). In total, 178 (25.1% of all study
participants; n = 138 [77.5%] women) participants were normal
weight, 283 (39.9% of all study participants; n = 166 [58.7%]
women) were overweight, and 249 (35.1% of all study partici-
pants; n = 170 [68.3%] women) were obese at baseline. Details
of demographic characteristics regarding cases and controls
are presented in Table 1.

Regarding the interaction of BMI with synovitis and effusion,
using overweight women and men without synovitis or effusion

Table 1. Demographic characteristics of the sample*

Cases Controls
P(n = 355) (n = 355)

Age, mean ± SD years 60.1 ± 8.6 60.0 ± 8.4 NA
BMI, mean ± SD kg/m2 28.9 ± 4.5 27.7 ± 4.4 0.0003
WOMAC knee pain score, mean ± SD† 2.6 ± 3.3 1.4 ± 2.5 <0.0001
WOMAC functioning score, mean ± SD† 8.4 ± 10.8 4.3 ± 7.8 <0.0001
Sex NA
Female 237 (66.8) 237 (66.8)
Male 118 (33.2) 118 (33.2)

BMI, kg/m2 0.0032
Normal/underweight 70 (19.7) 108 (30.4)
Overweight 147 (41.4) 136 (38.3)
Obese 138 (38.9) 111 (31.3)

Race 0.2143
White 283 (79.7) 299 (84.2)
African American 61 (17.2) 47 (13.2)
Asian 6 (1.7) 2 (0.6)
Other 5 (1.4) 7 (2)

K/L grade NA
0 133 (37.5) 133 (37.5)
1 222 (62.5) 222 (62.5)

Knee injury at OAI baseline‡ 136 (38.3) 70 (19.7) <0.0001
Knee surgery at OAI baseline§ 54 (15.2) 24 (6.8) 0.0004

* Values are the number (%) unless indicated otherwise. P values for differences by Fisher’s exact
test for categorical variables and t-tests for ordinal variables were not calculated for variables used
in matching. BMI = body mass index; K/L = Kellgren/Lawrence; NA = not applicable; OAI = Osteoar-
thritis Initiative; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† WOMAC knee pain is on a scale of 1 to 20, and WOMAC functioning of 1 to 96, with higher values
representing more pain/less functioning.
‡ Knee injury defined as 1 inhibiting ability to walk for at least 2 days.
§ Knee surgery includes arthroscopy.
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as the reference, obesity without synovitis was associated with
greater odds of radiographic OA in women at P-2, with an odds
ratio (OR) of 2.87 (95% confidence interval [95% CI] 1.21–6.83),
as was being overweight with synovitis (OR 3.26 [95% CI 1.39–
7.65]). Being obese with synovitis was not associated with
increased odds at P-2. For men, there were no combinations of
synovitis and BMI that were associated with increased odds of
radiographic OA compared to those being overweight without
synovitis at P-2. Furthermore, being overweight with joint effusion
at P-2 was associated with increased OA odds in women
(OR 3.56 [95% CI 1.45–8.75]), an association also observed in
women who were obese (OR 3.46 [95% CI 1.38–8.72]).

At P-1 and combining all BMI categories, having any
synovitis or any effusion was associated with increased odds of

radiographic OA in both men and women. Further, presence of
synovitis was associated with incident radiographic OA in over-
weight and obese women and men, with the latter association
also seen for men of normal weight, which was not the case for
women of normal weight. Positive associations of effusion with
incident OA were only seen in overweight (OR 3.14 [95% CI
1.55–6.36]) and obese women (OR 3.03 [95% CI 1.50–6.15])
but not women of normal weight or in men. Table 2 gives a
detailed overview of these results regarding the interactions
between BMI, sex, and severity of inflammation at P-2 and P-1.

For those knees that developed radiographic OA, there
were no increased odds of synovitis in the combined over-
weight/obese (i.e., categories combined) BMI subgroup com-
pared to the normal-weight subgroup at any of the 4 time

Table 2. Odds for developing radiographic osteoarthritis (OA) at Osteoarthritis Initiative (OAI) visits year 2 (P-2) or year 1 (P-1) prior to the case-
defining visit in matched cases and controls*

P-2 P-1

All,
no. (%)

Men,
no. (%)

Men,
OR (95% CI)
(n = 136)

Women,
no. (%)

Women,
OR (95% CI)
(n = 300)

All,
no. (%)

Men,
no. (%)

Men,
OR (95% CI)
(n = 224)

Women,
no. (%)

Women,
OR (95% CI)
(n = 436)

Normal weight 116 (26.6) 21 (15.4) 1.32
(0.42–4.15)

95 (31.7) 0.57
(0.31–1.04)

166 (25.2) 38 (17.0) 0.96
(0.44–2.10)

128 (29.4) 0.52
(0.31–0.87)

Overweight 169 (38.8) 63 (46.3) Ref. 106 (35.3) Ref. 264 (40.0) 114 (50.9) Ref. 150 (34.4) Ref.
Obese 151 (34.6) 52 (38.24) 0.89

(0.44–1.78)
99 (33.0) 1.3

(0.77–2.43)
230 (34.8) 72 (32.1) 0.92

(0.52–1.64)
158 (36.2) 1.44

(0.89–2.35)
No synovitis 221 (50.7) 59 (43.4) Ref. 162 (54.0) Ref. 337 (51.1) 99 (44.4) Ref. 238 (54.6) Ref.
Synovitis 215 (49.3) 77 (56.6) 1.79

(0.91–3.50)
138 (46.0) 1.75

(1.05–2.91)†
322 (48.9) 124 (55.6) 3.62

(1.94–6.74)†
198 (45.4) 1.97

(1.29–3.01)†
No effusion 234 (53.7) 72 (52.9) Ref. 162 (54.0) Ref. 338 (51.2) 107 (47.8) Ref. 231 (53.0) Ref.
Effusion 202 (46.3) 64 (47.1) 0.75

(0.36–1.59)
138 (46.0) 2.88

(1.64–5.03)
322 (48.8) 117 (52.2) 1.88

(1.05–3.37)†
205 (47.0) 2.89

(1.87–4.47)†
No synovitis,
BMI normal

66 (15.1) 11 (8.1) 1.45
(0.31–6.77)

55 (18.3) 0.67
(0.29–1.59)

91 (13.8) 18 (8.1) 1.57
(0.42–5.81)

73 (16.7) 0.75
(0.35 1.59)

No synovitis,
BMI overweight

84 (19.3) 25 (18.4) Ref. 59 (19.7) Ref. 130 (19.7) 47 (21.1) Ref. 83 (19.0) Ref.

No synovitis,
BMI obese

71 (16.3) 23 (16.9) 1.03
(0.31–3.42)

48 (16.0) 2.87
(1.21–6.83)†

116 (17.6) 34 (15.2) 1.63
(0.58–4.57)

82 (18.8) 2.30
(1.17–4.56)†

Synovitis,
BMI normal

50 (11.5) 10 (7.4) 3.25
(0.69–15.29)

40 (13.3) 1.52
(0.61–3.77)

74 (11.2) 19 (8.5) 4.10
(1.46–11.55)†

55 (12.6) 1.23
(0.57–2.64)

Synovitis,
BMI overweight

85 (19.5) 38 (27.9) 1.99
(0.66–6.00)

47 (15.7) 3.26
(1.39–7.65)†

134 (20.3) 67 (30.0) 5.69
(2.06–15.67)†

67 (15.4) 3.66
(1.74–7.69)†

Synovitis,
BMI obese

80 (18.3) 29 (21.3) 1.63
(0.58–4.60)

51 (17.0) 1.86
(0.80–4.34)

114 (17.3) 38 (17.0) 3.72
(1.39–9.98)†

76 (17.4) 2.71
(1.24–5.92)†

No effusion,
BMI normal

69 (15.8) 15 (11.0) 3.86 (0.83
18.05)

54 (18.0) 0.68
(0.28–1.63)

105 (15.9) 26 (11.6) 1.00
(0.35–2.86)

79 (18.1) 0.50
(0.23–1.09)

No effusion,
BMI overweight

92 (21.1) 31 (22.8) Ref. 61 (20.3) Ref. 125 (18.9) 46 (20.5) Ref. 79 (18.1) Ref.

No effusion,
BMI obese

73 (16.7) 26 (19.1) 1.41
(0.46 4.33)

47 (15.7) 1.16
(0.50–2.67)

108 (16.4) 35 (15.6) 0.61
(0.25–1.51)

73 (16.7) 1.71
(0.85–3.47)

Effusion,
BMI normal

47 (10.8) 6 (4.4) 0.00
(0.00–0.00)‡

41 (13.7) 1.30
(0.51–3.30)

61 (9.2) 12 (5.4) 1.75
(0.46–6.58)

49 (11.2) 1.78
(0.81–3.89)

Effusion,
BMI overweight

77 (17.7) 32 (23.5) 1.64
(0.53–5.12)

45 (15.0) 3.56
(1.45–8.75)†

139 (21.1) 68 (30.4) 1.41
(0.60–3.30)

71 (16.3) 3.14
(1.55–6.36)†

Effusion,
BMI obese

78 (17.9) 26 (19.1) 1.10
(0.36–3.37)

52 (17.3) 3.46
(1.38–8.72)†

122 (18.5) 37 (16.5) 1.94
(0.77–4.86)

85 (19.5) 3.03
(1.50–6.15)†

* 95% CI = 95% confidence interval; BMI = body mass index; OR = odds ratio; P-1 = OAI visit 1 year prior to the case-defining visit when incident
radiographic OA was diagnosed/read; P-2 = OAI visit 2 years prior to the case-defining visit when incident radiographic OA was diagnosed/
read; Ref. = reference.
† Statistically significant at P < 0.05.
‡ No case knees in this category.
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points prior to the case visit or the baseline visit. However, being
overweight/obese was associated with an increased odds of
effusion at P-2 (OR 2.21 [95% CI 1.11–4.43]). Though not statis-
tically significant, increased odds for effusion were also
observed for the visit P-1 (OR 1.68 [95% CI 0.98–2.88]).
Table 3 presents details for the case knees and associated odds
for synovitis or effusion at several time points prior to the inci-
dence of radiographic OA.

DISCUSSION

The presence of synovitis increased the odds of developing
radiographic OA in overweight women at the time point 2 years
before radiographic OA was detected, while obese women had
an increased risk for radiographic OA also without synovitis.

At the time point of 1 year prior to OA incidence, we observed
increased odds for incident radiographic OA in overweight and
obese women with presence of joint effusion, but not in men. At
the same time point, increased odds for radiographic OA inci-
dence were seen in both overweight and obese women and
men in the presence of synovitis, but not for normal-weight
women with synovitis, suggesting that the presence of effusion
seems to play a role particularly in overweight or obese women.
In knees that developed radiographic OA, increased odds of effu-
sion were observed for the combined overweight/obese group at
P-2 but not for Hoffa-synovitis or any of the other time points,
suggesting a possible link between high BMI, presence of joint
effusion, and radiographic OA development 2 years later.

While the role of body weight and knee radiographic
OA incidence is well established, its interactions with local

Table 3. Risk for Hoffa-synovitis and effusion-synovitis in case knees that developed incident
radiographic osteoarthritis (OA) based on baseline body mass index (BMI) status for different Osteoarthritis
Initiative (OAI) visits, with normal weight participants as the reference (Ref.)*

OAI visit prior to incident
radiographic OA and

BMI status

No
synovitis/
effusion

Yes
synovitis/
effusion OR (95% CI) P

Synovitis (any)
P-1
Normal (n = 63) 28 35 Ref.
Overweight (n = 266) 106 160 1.21 (0.68–2.15) 0.52

P-2
Normal (n = 48) 22 26 Ref.
Overweight (n = 177) 78 99 1.07 (0.54–2.13) 0.84

P-3
Normal (n = 38) 21 17 Ref.
Overweight (n = 112) 53 59 1.38 (0.63–3.00) 0.42

P-4
Normal (n = 13) 6 7 Ref.
Overweight (n = 37) 18 19 0.90 (0.23–3.51) 0.89

Baseline
Normal (n = 69) 35 34 Ref.
Overweight (n = 285) 128 157 1.26 (0.73–2.19) 0.41

Effusion (any)
P-1
Normal (n = 64) 33 31 Ref.
Overweight (n = 266) 103 163 1.68 (0.98–2.88) 0.06

P-2
Normal (n = 48) 30 18 Ref.
Overweight (n = 177) 76 101 2.21 (1.11–4.43)† 0.02

P-3
Normal (n = 38) 25 13 Ref.
Overweight (n = 112) 55 57 1.99 (0.91–4.38) 0.09

P-4
Normal (n = 13) 7 6 Ref.
Overweight (n = 37) 17 20 1.37 (0.36–5.22) 0.64

Baseline
Normal (n = 70) 42 28 Ref.
Overweight (n = 285) 139 146 1.58 (0.93–2.68) 0.09

* Values are the number unless indicated otherwise. Ref. is normal weight (BMI <25 kg/m2). Overweight
and obese subgroups are combined. 95% CI = 95% confidence interval; OR = odds ratio; P-1 = OAI visit 1
year prior to the case-defining visit (when radiographic OA incidencewas diagnosed/read); P-2 = OAI visit
2 years prior to the case-defining visit (when radiographic OA incidence was diagnosed/read); P-3 = OAI
visit 3 years prior to the case-defining visit (when radiographic OA incidence was diagnosed/read); P-4 =
OAI visit 4 years prior to the case-defining visit (when radiographic OA incidence was diagnosed/read).
† Statistically significant at P < 0.05.
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inflammation have been less clear (1). Reported associations
between obesity and OA development also for non–weight-
bearing joints suggest a more complex interaction beyond
increased biomechanical loading. In a population-based cohort
study, it has been reported that metabolic syndrome may be
prevalent in 59% of patients with knee OA and in 23% of those
without (13). Conversely, Niu et al found in a population-based
study that among women, abdominal obesity and high blood
pressure were associated with incident radiographic OA, but met-
abolic syndrome was not (3). We have shown previously a strong
association between the presence of joint inflammatory markers
based on MRI and subsequent radiographic OA incidence, and
this current work expands this, taking also into account sex and
BMI differences (14). The fact that 2 years prior to radiographic
OA incidence, obesity in women without synovitis exhibited
increased risk for radiographic OA, as did being overweight with
synovitis, but that obesity with synovitis did not, was not an
expected finding. We can only speculate that potentially in obese
individuals other factors, including direct results of increased load-
ing due to higher BMI resulting in structural changes like bone
marrow alterations, cartilage damage, or meniscal lesions and
extrusion, may be more relevant than inflammatory manifestations
such as effusion or synovitis.

Concerning the second part of our analysis focusing on
cases only regarding prevalence of inflammatory markers in the
different subgroups, we found that up to 4 years prior to radio-
graphic OA incidence, in general, the combined overweight/
obese subgroup did not show significantly increased rates of
local inflammation, with the exception of effusion 2 years prior to
radiographic OA incidence, while at 1 year prior, the association
was close to being significant. A recent study also from the OAI
reported a significantly greater prevalence and severity of syno-
vial inflammation imaging biomarkers in knees of overweight
and obese participants compared to those that have normal
weight (15). In contrast to our study, however, almost 20% of
included subjects exhibited radiographic OA grades 2 and
3, and for those without radiographic OA, it is not known how
many developed radiographic OA at later time points. Thus, we
speculate based on our findings that for case knees only
(i.e., for those that developed radiographic OA), other factors
beyond obesity, including local structural damage such as
meniscal or cartilage lesions, may have additional impact on the
presence of synovial inflammation, thus diluting possible impact
of increased BMI.

We acknowledge that in this exploratory study we did not
analyze subjects with defined metabolic syndrome, as we only
analyzed interactions of BMI and MRI markers of inflammation,
which limits extrapolation of our findings to patients with meta-
bolic syndrome (3). An additional limitation of our study includes
the absence of information on symptomatic OA. We do not know
if subjects who developed radiographic OA also developed symp-
toms, and if subjects developed symptoms prior to the diagnosis

of radiographic OA. Furthermore, the OAI study does not include
contrast-enhanced MRI sequences, the gold standard for synovi-
tis assessment (16). However, we used an established surrogate
for whole-joint synovitis that has been used in multiple studies
applying MRI (11). Inter- and intrareader agreement was
almost perfect for effusion grading, but only substantial for
synovitis assessment, which is a limitation and likely reflects the
nonspecificity of non–contrast-enhanced MRI (17).

In conclusion, the presence of MRI-defined Hoffa-synovitis
seems to play a role for incident radiographic OA development,
especially in overweight women, whereas obese women have
increased odds for radiographic OA even in the absence of Hoffa-
synovitis. Presence of joint effusion has an impact on radiographic
OA development particularly in overweight and obese women but
not men. Being overweight/obese increased odds for joint effusion
in the knees that developed incident radiographic OA at time points
1 and 2 years prior. These results suggest that both mechanical
load and inflammation have a role in OA incidence for overweight
and obese women, while for men, the role of inflammation in con-
junction with high BMI appears to be less relevant.
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