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E D I T O R I A L

“Every New Beginning Comes From Some Other Beginning’s
End”: Anterior Cruciate Ligament Injury and Posttraumatic
Knee Osteoarthritis

Jackie L. Whittaker

Seneca’s quote, “Every new beginning comes from some

other beginning’s end” (which was made popular by the Semiso-

nic’s 1998 song “Closing Time”) reminds us that at a philosophi-

cal level there are neither beginnings nor ends, just an

uninterrupted flow of events. Although we all know this to be true,

at some level, as human beings we prefer to compartmentalize

events and experiences by assigning them a start and an end.

We struggle when we can’t define something or put boundaries

around it. This struggle is very real for Western health care practi-

tioners and researchers in clinical fields who need health condi-

tions to have a standardized start and end point in order to

guide treatment and enable research to prevent or cure the condi-

tions. Moreover, how we define when a condition starts and ends

or makes way for a second condition depends on our point of

view. A person living with a health condition might interpret the

start and end of their condition much differently than a clinician

faced with providing a diagnosis or a researcher deciding how to

classify people for a clinical trial to assess the effectiveness of a

new treatment. This challenge of knowing when one condition

ends and a new condition begins is very relevant to the

context of anterior cruciate ligament (ACL) tears and subsequent

development of posttraumatic osteoarthritis (PTOA).
ACL tears represent a significant health burden in active ado-

lescents and young adults and are so common (particularly in

women’s field and court sports) that they are basically treated as

a rite of passage. Contrary to popular belief, ACL tears are not

self-limiting. Recovery is not as simple as having an ACL recon-

struction (ACLR) and/or committing to an extended period

(i.e., 9–12 months) of intensive rehabilitation, and then simply

returning to preinjury life. It is very well established that ACL tears

(and other traumatic knee injuries) are associated with elevated

symptoms and reduced function for many years (1) and increase

susceptibility to additional injuries (2), inactivity (3), obesity (4)

and PTOA (5). Recent estimates suggest that the risk of PTOA

after an ACL tear is elevated 4- to 6-fold depending on whether

it is an isolated or combined injury (6). Given that a significant pro-

portion of people who tear their ACL develop PTOA, it raises the

question: When do knee symptoms and the consequences of

these symptoms stop being attributed to the ACL tear or ACLR

and start being attributed to PTOA?
Our perspective of when PTOA starts after an ACL tear or

ACLR depends upon our definition and our purpose. If the goal

is to identify people in whom a specific intervention would be

appropriate, we might use a different definition based on tools

readily available in a clinical setting than if our goal is to classify

people for a research study or to understand research findings.

Traditionally, the diagnosis and classification of OA, both clinically

and in research, has been based on indicators of disease

(i.e., radiographic evidence of articular cartilage pathology).

Recognition that cartilage pathology can, but does not always,

manifest as illness (i.e., pain, disability, reduced quality of life,

health-seeking behaviors) has given rise to combined definitions,

such as symptomatic radiographic OA.
The study conducted by Harkey and colleagues, which is

published in this issue of Arthritis Care & Research (7), considered

2 definitions of early OA illness after ACLR that are based on

different Knee Injury and OA Outcome Score (KOOS) subscale

(i.e., knee-related pain, symptoms, function in daily living, function

in sport and recreation, and quality of life) thresholds. The first is a

modification of an expert consensus definition of early OA

(excluding joint line tenderness, crepitus, and Kellgren/Lawrence

grade criteria) (8), and the second is a bespoke definition of a
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“symptomatic knee” or “individuals symptomatic enough to pos-
sibly seek medical care” proposed in a case–control study of per-
sons who had undergone meniscectomy ~16 years previously
(9). The authors also proposed modifications to these 2 definitions
in which the KOOS subscale thresholds reflected 1 of the 6 pub-
lished thresholds for the KOOS patient acceptable symptom state
(PASS) for persons with an ACL tear (10–16). Using these 4 defini-
tions, the authors identified that 5–8 months following an ACLR,
up to 54% of young people meet 1 or more of author definitions
for OA illness. Continued follow-up of this small cohort to deter-
mine the incidence of structural OA, symptomatic radiographic
OA, or other indicators of OA illness (i.e., arthroplasty) is needed
to determine the validity of the proposed definitions.

In addition to describing outcomes associated with OA illness
after ACLR, this study highlights important considerations for
ongoing efforts to define early-stage OA (17). First, it reaffirms that
OA is a heterogeneous condition and that no single set of criteria
may be applicable to all situations. Going forward, it is essential that
criteria for early OA are sensitive to all phenotypes of OA, including
PTOA (which typically has a relatively early age of onset in otherwise
active persons), as well as consider definitions of both early OA dis-
ease (structural OA) and early OA illness (clinical or symptomatic
OA). Ideally these definitions will be validated using samples con-
sisting of persons with and without a previous knee injury (18) and
with and without OA, applicable across race, ethnicity, gender,
socioeconomic status, and capable of being applied in low-
resource settings.

Second, the development of criteria for early OA should be
data driven with a focus on statistical estimates that are of clinical
and patient relevance, such as the PASS. Where data are not
available, criteria should be driven by a rigorous consensus
approach. When selecting the PASS (or similar) thresholds, study
quality, contextual factors (i.e., study sample including age, previ-
ous knee trauma or surgery, follow-up time point and setting), and
credibility (19) should be carefully considered. For example, the
KOOS PASS thresholds are highly susceptible to methodologic
heterogeneity and can differ by up to 26 points for the same sub-
scale (10,15,20).

Third, much of our understanding of the trajectory of self-
reported symptoms, function, and knee-related quality of life after
ACL tear and ACLR are based on the KOOS subscale group
mean values that are reported at set intervals of time (e.g., 3,
6, 9, 12, and 24 months) and do not take into consideration the
considerable individual variability or daily fluctuation reported in
clinical encounters. There is a need for high-quality studies that
are specifically designed to characterize the KOOS trajectory
and account for influence of baseline status, treatment approach
(i.e., rehabilitation, ACLR), and other important factors to under-
stand if there is a clear delineation of these constructs between
ACLR and PTOA.

Perhaps the most important philosophical consideration that
the study by Harkey and colleagues demonstrates is the utility of

seeing PTOA as a condition that starts at some point
after the ACL tear experience, as opposed to at the time of ACL
tear. Similar to definitions of PTOA, health care providers and
researchers have defined the end of the ACL tear experience as
some combination of time from ACLR and/or symptomatic or
functional-based criterion suggesting a person is ready to return
to unrestricted physical activity, sport, or occupation to facilitate
clinical management and research methodology. However, per-
sons with lived experience of an ACL tear and subsequent PTOA
view things very differently. A predominate viewpoint among this
group is that the injury was the start of an ongoing journey with
their knee (21,22) consisting of fluctuations in knee health that
have varying and increasingly greater degrees of impact on their
physical abilities and quality of life on an ongoing basis. This per-
spective suggests that, in our desire to differentiate the experi-
ence of ACL tear and PTOA to facilitate clinical management and
research, we may be artificially creating “a new beginning from
some other beginning’s end.” In doing so, we may be blinding
ourselves to the lived experience of an individual with an ACL tear
and PTOA, not to mention the importance and potential opportu-
nities available to promote life-long knee health by considering
ACL injury and PTOA as a continuum or uninterrupted flow
of events.
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2015 American College of Rheumatology Workforce Study
and Demand Projections of Pediatric Rheumatology
Workforce, 2015–2030

Colleen K. Correll,1 Marcia M. Ditmyer,2 Jay Mehta,3 Lisa F. Imundo,4 Marisa S. Klein-Gitelman,5

Seetha U. Monrad,6 and Daniel F. Battafarano7

Objective. To describe the character and composition of the 2015 pediatric rheumatology workforce in the US,
evaluate current workforce trends, and project future supply and demand of the pediatric rheumatology workforce
through 2030.

Methods. The American College of Rheumatology created the workforce study group to study the rheumatology
workforce. The workforce study group used primary and secondary data to create a representative workforce model.
Pediatric rheumatology supply and demand was projected through 2030 using an integrated data-driven framework
to capture a more realistic clinical full-time equivalent (FTE) and produce a better picture of access to care issues in
pediatric rheumatology.

Results. The 2015 pediatric rheumatology workforce was estimated at 287 FTEs (300 providers), while the esti-
mated excess demand was 95 (33%). The projected demand will continue to increase to almost 100% (n = 230) by
2030 if no changes occur in succession planning, new graduate entrants into the profession, and other factors associ-
ated with the workforce.

Conclusion. This study projects that the pediatric rheumatology workforce gap will continue to worsen significantly
from the 2015 baseline, and by 2030 the demand for pediatric rheumatologists will be twice the supply. Innovative
strategies are needed to increase the workforce supply and to improve access to care.

INTRODUCTION

The relative lack of pediatric rheumatologists to treat the

approximately 300,000 children in the US with chronic arthritis

and other rheumatic diseases has been a recognized problem

for decades (1). In the late 1990s Cassidy and Athreya reported

that the number of practicing pediatric rheumatologists had

grown from 27 in 1976 to 178 (121 board-certified) in 1996 (2).

Although the 7-fold growth of the specialty over those 20 years

seemed promising, it remained concerning that more than one-

third of 125 pediatric academic centers did not have a pediatric

rheumatologist faculty member. In 2006, the American Board of

Pediatrics (ABP) published data showing that there were

200 board-certified pediatric rheumatologists, with a clear

increasing trend in the number of pediatric rheumatology fellows

over 10 years (3). However, the same study demonstrated that

there were only 3 pediatric rheumatologists per million children in

the US, and 14 states had no practicing pediatric rheumatolo-

gists. The American College of Rheumatology (ACR) workforce

study published 1 year later predicted a pediatric rheumatology

deficit of 33 providers by 2025 (4). In response to these findings,

a series of policy recommendations, focused on training and eco-

nomics, health care delivery, and global outreach, were published

to aid in increasing the pediatric rheumatology workforce (5–7).

Despite these studies and policy recommendations, a significant

deficit in the pediatric rheumatology workforce remains.
To understand the full extent of this workforce gap, in 2015

the ACR created the workforce study group. The purpose of the

workforce study group was to evaluate the changes in the adult

and pediatric workforce through 2030 and to provide potential

1Colleen K. Correll, MD, MPH: University of Minnesota, Minneapolis;
2Marcia M. Ditmyer, PhD, MBA, MS: University of Nevada, School of Dental
Medicine, Las Vegas; 3Jay Mehta, MD: Children’s Hospital of Philadelphia, Phil-
adelphia, Pennsylvania; 4Lisa F. Imundo, MD: Columbia University, New York,
New York; 5Marisa S. Klein-Gitelman, MD: Ann and Robert H. Lurie Children’s
Hospital of Chicago, Chicago, Illinois; 6Seetha U. Monrad, MD: University of
Michigan, Ann Arbor; 7Daniel F. Battafarano, DO: San AntonioMilitary Medical
Center, San Antonio, Texas.

No potential conflicts of interest relevant to this article were reported.
Address correspondence to Colleen K. Correll, MD, MPH, Pediatric

Rheumatology, University of Minnesota, 2450 Riverside Avenue South,
East Building Room 668, Minneapolis, MN 55410. Email: corr0250@
umn.edu.

Submitted for publication May 20, 2020; accepted in revised form
October 22, 2020.

340

Arthritis Care & Research
Vol. 74, No. 3, March 2022, pp 340–348
DOI 10.1002/acr.24497
© 2020 American College of Rheumatology

https://orcid.org/0000-0002-5451-1936
mailto:corr0250@umn.edu
mailto:corr0250@umn.edu
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24497&domain=pdf&date_stamp=2022-02-02


solutions to be addressed by the ACR and other stakeholders.

The goals of the pediatric arm of the workforce study group were

to describe the current state of the pediatric rheumatology work-

force as compared to the previous ACR workforce study (4),

project a succession plan as rheumatologists near retirement,

develop assumptions regarding the key factors affecting the sup-

ply of and demand for rheumatologists, create a patient-centered

approach to providing quality care to all patients with rheumatic

conditions, and conduct a sensitivity analysis of this workforce

model to determine the potential best- and worst-case scenarios.

Results from the 2015 adult rheumatology arm of this study have

been published previously (8). Here we present the pediatric rheu-

matology workforce study findings. From these findings, we pro-

pose solutions to improve the supply of pediatric rheumatology

providers.

MATERIALS AND METHODS

Workforce study group. The workforce study group was
composed of a diverse membership group of volunteer rheuma-
tology specialists, including pediatric rheumatologists. There were
5 members of the core leadership, 3 of whom are co-authors on
this study (MMD, SUM, and DFB). Two of the core leaders (SUM
and DFB) were adult rheumatologists and the other 3 had exper-
tise in workforce and academic leadership. An additional 9 mem-
bers belonged to the core group. The core membership group
included 2 pediatric rheumatologists (co-authors LFI and MSK-G),
1 fellow in adult and pediatric rheumatology, 1 physician assistant
(PA), and 1 nurse practitioner (NP). Among both groups, there
were 4 division directors (2 adult, 2 pediatric) and 2 adult program
directors. Group members came from a variety of geographic
locations in the US. Full details of the workforce study group can
be found in Appendix A of the 2015 workforce study document
(9). Additional focus groups were used to ensure that members
of the pediatric rheumatology workforce not represented in the
workforce study group were able to provide their perspectives.

The workforce study group provided input into the secondary
data collection procedures, provided guidance in the primary
data collection methods of ACR/Association of Rheumatology
Professionals (ARP) members, identified critical factors affecting
supply and demand for rheumatology services, approved the
workforce study modeling process, and accepted the final work-
force study findings. The University of Michigan Institutional
Review Board reviewed the study and determined it to be exempt
from ongoing review (exemption #2 of the 45 CFR 46.101.[b];
HUM00104523).

Data collection. A mixed-methods approach (both pri-
mary and secondary data) was used to identify and evaluate
workforce issues. These issues informed the model used to help
predict the future pediatric rheumatology workforce. Data were
collected from many secondary sources (e.g., American Medical
Association, ABP, Rheumatology Nurses Society, National Com-
mission Certification of Physician Assistants) (9). Primary data
were collected through electronic surveys distributed to the ACR
membership, current rheumatology fellows-in-training, and a
group of rheumatology patients identified by the Arthritis Founda-
tion (9). These data were supplemented by data collected through
pediatric focus groups and personal interviews. Volunteers were
recruited through the ACR to participate in focus groups, both
in-person at the ACR Annual Meeting, and via teleconference,
for a total of 8 focus groups that included 5–10 participants in
each group. Information from these interviews was integrated into
the workforce study.

Workforce study modeling. The workforce study model
was a critical focus of the workforce study group. The challenge
was developing a model that would ensure translating population
needs into the appropriate provider supply. The workforce study
group selected an integrated workforce framework model that
combined socioeconomic and epidemiologic factors along with
utilization rates that incorporated the current use of health care
services. The first step was to determine the number of pediatric
rheumatology providers in the workforce. This step was done by
reviewing the number of providers that were ABP board-certified
and was supplemented by reviewing pediatric providers in the
ACR website and by reviewing responses to the workforce study
survey. Pediatric providers included physicians, NPs, and PAs.
The next step was to define the pediatric rheumatology workforce
that provided direct patient care at the time of the study (2015),
defined as the clinical full-time equivalent (FTE). Because of the
changing demographics and pattern trends identified, under-
standing the actual number of practitioners was clearly not suffi-
cient to determine the workforce supply.

The clinical FTE, which is the ratio of units that equate to the
number of practitioners seeing patients full-time, was subse-
quently identified, and used to provide a realistic level of effort
devoted to direct patient care. For example, a clinical FTE of 0.5

SIGNIFICANCE & INNOVATIONS
• A shortage currently exists of the US pediatric rheu-

matology workforce to treat children with rheu-
matic diseases.

• Some geographic regions in the US, especially the
South and Southwest, have a severe shortage in
pediatric rheumatology providers, and this gap is
expected to worsen if interventions do not occur.

• The overall shortage of the workforce is predicted
to worsen so that by 2030 demand for pediatric
rheumatology providers will be twice the supply.

• Strategies are needed to recruit rheumatologists,
physician assistants, and nurse practitioners to
pediatric rheumatology and to augment the pro-
vider network.
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(or 50%) means that a provider spends half of their time in patient
care. Therefore, 2 providers with 0.5 FTEwould equate to 1 clinical
FTE. After careful assessment and consensus discussion among
pediatric rheumatologists in the workforce, the clinical FTE defini-
tion for pediatric rheumatology used in the workforce model was
1.0 clinical FTE for physicians in nonacademic settings (approxi-
mately 5% workforce) and 0.8 clinical FTE for those working in
academic settings (approximately 95% workforce). The pediatric
academic FTE was unique from the adult academic FTE, which
was estimated at 0.5. This was because compared to pediatric
academic rheumatologists, adult academic rheumatologists
spent a greater amount of time in scholarly activities and less time
in patient care (8). The nonphysician providers (NPs and PAs)
were defined as 0.9 clinical FTE regardless of setting.

Workforce study supply and demand assumptions.
Factors influencing supply included geographic domestic pat-
terns of population distribution and density (geographic mobility,
net migration, and micropolitan statistical areas), practice setting
and productivity, succession trends, sex and generational break-
down, and demographic breakdown of new graduates entering
the rheumatology workforce (Table 1). The base model assumed
no geographic changes over 10 years, that providers working in
micropolitan statistical areas worked 15% less than those who
worked outside those areas, and that on average, pediatric rheu-
matologists worked 55 hours per week.

Factors influencing demand included health care utilization
patterns, the prevalence of disease, changes in patient demo-
graphics, and gross domestic product (GDP) per capita income

Table 1. 2015 ACR workforce study supply and demand base‐model assumptions*

Base‐model assumptions

Supply factors
Geographic No geographic changes in the model over next 10 years

Physicians practicing in MSAs work on average 15% fewer hours than
those not working in these areas

On average pediatric rheumatologists work 55 hours per week
Productivity (RVUs) Pediatric subspecialties saw an increase by 8.0% for compensation per

work RVU in 2013
The work RVU changed by 6.1%, resulting in an increase in
compensation of 1.0%

Succession planning Approximately 32% of pediatric rheumatologists plan to retire in the
next 5–10 years

Approximately 80% of those who plan to retire anticipate a decrease in
their patient load by 25%; therefore we factored a three‐quarter FTE
for those who plan to retire

Sex In 2015, 68% were female and 32% male
Females are reported to work 7 fewer hours each week on average
Females treated approximately 30% fewer than their male counterpart

Full‐time vs. part‐time
employment

Assumed 17.5% work part‐time
Part‐time were then assumed to work 0.5 FTE

Practice setting Approximately 5% nonacademic settings and 95% academic medical
center

One pediatric rheumatologist in nonacademic settings would
equal 1 FTE

One pediatric rheumatologist in an academic medical center would
equal 0.8 FTE

New graduate entrants Approximately 25 graduates annually; 3.9% do not graduate
Approximately 42.6% are IMGs; approximately 23.9% of the IMGs
will practice outside the US

Approximately 18% will work part‐time; approximately 90% of those
working part‐time are female

All entering fellows are millennials
Nonphysician providers
(NPs/PAs)

Approximately 25% increase in NPs and 25% increase in PAs
between 2015 and 2030

Demand factors
Aging population Population of children expected to increase by approximately 3%

between 2015 and 2030
Prevalence of disease Females 2.5 times more likely to have rheumatic disease than males
Per capita income Approximately 1.5% increase
Medicaid expansion Approximately 30% by 2030 for eligible Medicaid beneficiaries

* Sources: American College of Rheumatology (ACR), 2015 (9); American College of Rheumatology Committee
on Rheumatology Training and Workforce Issues, 2013 (10), US Census Bureau (15); Health Resources and
Services Administration, 2016 (11); American Board of Pediatrics, 2015 (12); Association of American Medical
Colleges, 2016 (13); Accreditation Council for GraduateMedical Education, 2015 (14). FTE = full‐time equivalent;
IMG = international medical graduate; MSA =micropolitan statistical areas; NPs = nurse practitioners;
PAs = physician assistants; RVU = relative value unit.
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overall and by region (10–14). While the projected population
increase in children was anticipated to be relatively small (approx-
imately 3–4%) from 2015–2030, this change was factored in the
demand model (15). While the projected effect of the aging US
population was far less on pediatric rheumatology than on adult
rheumatology, the cost of rheumatology care and GDP per capita

income impact was also evaluated. In the 2015 workforce study,
a sample of patients was queried to evaluate perceived need
and access, which added a new perspective to the supply and
demand modeling.

Based on the information collected, the workforce study
identified shifts in the demographic breakdown (e.g., sex and

Figure 2. Pediatric rheumatology distribution rate per 100,000 children (2015 versus 2030).

Figure 1. Projected pediatric rheumatology clinical full-time equivalent (FTE) from 2015 through 2030. NPs = nurse practitioners; PAs = physi-
cian assistants.
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generational differences), geographic distribution trends, and
practice patterns that indicated a much larger decline in the sup-
ply of pediatric rheumatology effort than projected in the 2005
workforce study (4). This decline in supply was theorized to be
multifactorial, with an increased number of retiring rheumatology
providers, the expansion of part-time providers in the workforce,
and the increased number of rheumatology graduates seeking
part-time employment. Multivariate and logistic regression with
backward stepwise analysis was used to determine factors that
contributed significantly to the model for pediatric rheumatology
services (F = 39.06, P < 0.001; R2 = 0.37). Goodness-of-fit tests
were used to determine model fit.

Sensitivity testing. To address the variability in the results
from the base-model, sensitivity analyses were conducted. Sensi-
tivity testing is an analytic methodology used to build confidence
in results. It allows for alternate models to be used in conjunction
with a base-case model that incorporates best-estimated values
of all selected parameters (16). Sensitivity testing was used to
ascertain a best-case and worst-case scenario, providing an esti-
mated range of supply for and demand of services through 2030
(see Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24497/abstract). Sensitivity testing is critical to provide for a
range in variability that can occur when making future projections.

RESULTS

Baseline rheumatology workforce. Pediatric rheuma-
tology providers were defined as rheumatologists, NPs, and

PAs who specialized in treating pediatric patients. Calculations
were conducted based on the estimated time providers spent
treating patients (referred to as clinical FTE). Figure 1 depicts
the pediatric rheumatology workforce supply projections in
provider clinical FTEs, including PAs and NPs, from 2015 through
2030. The projections anticipate a 16% decrease between 2015
and 2030.

Demand and supply factors. The factors that were used
to assess the future demand of the pediatric rheumatology ser-
vices included changes in population demographics, health care
utilization patterns, practice trends, GDP per capita income, and
net migration/geographic trends. Unlike the adult rheumatology
workforce, aging was not a major driving force, because accord-
ing to the US Census Bureau, the population of children
age >18 years was not expected to increase significantly
between 2014 and 2030, remaining at approximately 74 million
by 2020 and 76 million by 2030 (15,17,18). Therefore, population
demographics and geographic trends played less of a role in the
demand in pediatric rheumatology compared to adult rheumatol-
ogy. Based on GDP per capita compound growth from 2010 to
2015 and the forecasted value for 2020, an estimated compound
growth for 2015–2030 would be approximately 2.5%, up 1.5%
from the 2005 study (19–21). In 2015, the growth of the real
GDP per capita in the US was approximately 1.5% compared to
the previous year. While the GDP per capita continues to rise,
the percentage of increase is expected to decrease beginning in
2018 through 2022 (22). Of the factors used to assess future sup-
ply for pediatric rheumatology specialists, 3 major drivers included
workforce practice trends, access to care/geographic distribution

Figure 3. Projected gap between supply of rheumatologists and demand. This figure includes the previously predicted projection from the 2005
workforce study (4). FTE = full-time equivalent.
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of rheumatology services, and changes in the demographic
breakdown of the new graduates entering the workforce
(Table 1) (23–25).

Current workforce practice trends. Given the aging
pediatric rheumatology workforce and taking into consideration
the current low numbers of pediatric rheumatology providers in
the US, succession patterns (e.g., retirement, anticipated
changes in workload, etc.) are critical. Labor workforce participa-
tion rates for providers of a given age, sex, and international med-
ical graduate status from year to year were reflected in the
projections. In addition, sex and millennial workforce practice
trends were also included.

Income variability and access to rheumatology
workforce. Access to care was defined as physician per popu-
lation and geographic trends/net migration. While the overall
trends show an increase, income varies widely between demo-
graphics within the US (26). The poverty rate in the US in 2015
was approximately 15% (15). Poverty rates are persistently higher
in rural and inner-city parts of the country as compared to subur-
ban areas. Moreover, 29 states had lower median income, and
18 states had higher median income. When reviewing geographic
trends of pediatric providers, there were 3 geographic areas of
particular concern. The Southeast had only 0.21 providers per
100,000 children, with a projection of 0.04 per 100,000 in 2030,
the South Central region had 0.2 providers per 100,000 children,
with a projection of 0.04 per 100,000 in 2030, and the Southwest
had 0.17 providers per 100,000, with a projection rate of only
0.03 in 2030 (Figure 2).

New graduates entering the workforce and succes-
sion planning. When considering the future supply of pediatric
rheumatologists, graduating fellows who enter the workforce
were an important factor in the model. The calculated number
depended on available fellowship positions, the fill rate of those
positions, graduation rates, and number of international medical
graduates who anticipate remaining in the US. Other factors that
contributed to the entering workforce calculations included sex

shifts. Overall, 68% of the pediatric rheumatology workforce was
female. Our model assumed that 18% of new graduates entering
the workforce would work part-time and 90% of those were
female. Our workforce study group survey indicated that 32% of
pediatric rheumatologists planned to retire within the next 10 years.
Moreover, approximately 80% of those who plan to retire anticipate
a decrease in their patient load by 25%. There were approximately
25 pediatric rheumatology fellows graduating each year. Ourmodel
predicts that by 2025 there will be an overall loss between retirees
and new fellow graduate entrants of 27 providers.

Supply-demand projections. The supply and demand
projections of pediatric rheumatology services included NPs
and PAs. Figure 1 compares the total number of rheumatology
providers (physician and nonphysician) to the projected clinical
FTEs of all providers from 2015 to 2030. Figure 3 shows the
projected gap between supply of rheumatologists and demand.
This figure includes the previously predicted projection from
the 2005 workforce study (4). By 2030, the projected supply
of pediatric rheumatologist clinical FTEs is 231 compared
to a projected demand of 461, thus projecting a net deficit of
230 clinical FTEs.

DISCUSSION

The pediatric rheumatology workforce shortage has been a
recognized problem for decades. Although pediatric rheumatol-
ogy has grown substantially (10-fold) since its beginnings in the
1970s (27), the workforce is approximately 300 providers in the
US, which is still a major shortage. The aim of our study was to
reassess the trends in supply and demand for pediatric rheuma-
tology care. Notably, the ABP also conducted a pediatric rheuma-
tology workforce study (2018) (28). However, this study primarily
used board-certification status as a proxy for clinically available
pediatric rheumatology providers, whereas our study attempted
to define clinical FTE to more accurately reflect clinically available
rheumatologists. This difference is important because most pedi-
atric rheumatologists work in academic settings, and clinical FTE
in academia is typically less than that of community practice. At

Table 2. Potential solutions to increase the supply of the pediatric rheumatology workforce*

Increase recruitment of physicians and nonphysician providers
Create a 2-year fellowship for pediatric rheumatologists seeking a clinical-focused career
Implement initiatives to expose more PAs and NPs to rheumatology and increase their
recruitment to the field

Increase exposure to pediatric rheumatology in medical school and residency
Give financial incentives (higher salary and/or loan forgiveness)

Optimize the geographic distribution of rheumatologists to improve access to quality care
Extend the use of telemedicine
Providers have significant experience since the COVID-19 pandemic

Reduce referrals of patients with nonrheumatic diseases
Expand rheumatology training in primary care residencies and continuing medical education
Improve rheumatology quality care initiatives in primary care

* PAs = physician assistants; NPs = nurse practitioners.
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the time of the workforce study, the academic clinical FTE was
determined to be 0.8, based on the fact that anecdotally, most
pediatric rheumatologists held clinical educator positions with
0.8 clinical FTE. However, a more recent survey conducted
by the American Academy of Pediatrics in 2018 demonstrated
that most pediatric rheumatologists self-reported spending
only 54% of their time (0.54 FTE) in direct patient care (29).
Therefore, currently, the clinical FTE may be closer to 0.5 or 0.6,
resulting in an even greater workforce gap than this model
predicted. Our study also estimated that approximately 30% of
practicing pediatric rheumatologists will retire in the next 10 years.
Supportive of this projection, data from the ABP show that
approximately 35% of board certified pediatric rheumatologists
are age >50 years (28).

The shortage of providers most certainly affects the quality of
care of children with rheumatic diseases, as primary care pro-
viders refer children to nonrheumatologist pediatric subspecialists
and adult rheumatologists (30–32). To provide the highest quality
of care, children should be treated by providers with specialized
training in pediatric rheumatology and who understand the unique
challenges of evaluating and treating a growing child. Given the
prediction of a significant workforce shortage, several strategies
must be considered to address this problem, including increasing
recruitment of physicians and nonphysicians into pediatric rheu-
matology, promoting changes in the geographical distribution of
providers, extending the use of telemedicine, and improving qual-
ity of care initiatives in primary care (Table 2).

The ACR and the Childhood Arthritis and Rheumatology
Research Alliance both have programs aimed to improve recruit-
ment of pediatric residents into the specialty, and as these pro-
grams mature, they should be assessed to determine whether
these interventions have been effective (33,34). There are several
recognized barriers to recruiting physicians into pediatric rheuma-
tology. These include resident debt, lack of exposure in medical
school and residency, concern about being the only specialist in
a state or hospital, lower salary than other pediatric specialties
and length of training (3-year pediatric fellowship without the
2-year option offered as in adult rheumatology fellowship) (5,6).
With only 20–30 new fellows graduating each year, substantial
recruitment efforts are needed. The majority of pediatric rheuma-
tologists work in academic institutions in which there is an expec-
tation that academic work requires additional training. Therefore,
3-year fellowships have been the norm in pediatric subspecialties.
Few pediatric rheumatologists work in community practice, so a
possible solution might be to create a 2-year fellowship for physi-
cians seeking to work in community practice and/or creating
strictly clinical positions within academic institutions.

Other measures to improve supply must include recruiting
and training more PAs and NPs into the pediatric rheumatology
workforce; they have been effectively used to treat adult rheuma-
tology patients (35,36). Financial incentive programs, including
medical student loan debt relief are also important. Loan

repayment programs have been employed to increase primary
care providers in underserved areas (37). A similar loan repayment
program for pediatric rheumatology has been introduced to the
US Senate but to date has not moved (38).

An important aspect of the workforce supply issue is not only
having too few pediatric rheumatologists but also the imbalanced
geographical distribution of providers. According to the ABP,
there are 9 states (Alaska, Idaho, Montana, New Hampshire,
New Mexico, Oklahoma, South Dakota, West Virginia, and Wyo-
ming) without a practicing board-certified pediatric rheumatolo-
gist. Several of these states have coverage by outreach
programs from other states (28). However, an equally important
problem is that several states with large populations of children
(e.g., Texas) have only a few pediatric rheumatologists to treat
them. Telemedicine has been considered an important possible
solution to the geographic barriers to augment timely consulta-
tion, reduce patient travel costs and provide access to care, and
modify medical management for diagnosed patients. Prior to the
COVID-19 pandemic, few pediatric rheumatology telemedicine
programs existed (39,40). However, after the COVID-19 pan-
demic, use of telemedicine skyrocketed across health care in the
US, including pediatric rheumatology, and so we will likely see a
continuation in telehealth care (41). Anecdotally, we have found
patient and provider satisfaction with telemedicine, but studies
are needed to optimally assess quality of care in this setting, with
a particular emphasis on the quality of the joint examination in
telemedicine.

More efforts are needed to reduce the demand on pediatric
rheumatologists. Education for primary care providers in conduct-
ing musculoskeletal examinations and ordering of rheumatology
tests may help reduce referrals of patients with nonrheumatic dis-
eases (42,43). Such training has been successful in adult medi-
cine (44).

A strength of this study was that it used an integrative
approach to assess not only the changes in pediatric rheumatol-
ogy workforce over time, but also integrated changes in the US
population, economy, and geographic distribution of providers.
Sensitivity testing was used to ascertain best- and worst-case
scenarios to establish a range of supply and demand. Impor-
tantly, this study also included the patient’s perspective on bar-
riers to access to care, and patients reported substantial direct
and indirect costs for them when trying to access this care (45).
The lack of workforce supply is not limited to pediatric rheumatol-
ogy; adult rheumatology and several pediatric specialties face
similar workforce supply challenges (8,28,46). We believe that this
study can serve as a model for assessing workforce problems in
other specialties as well.

There were several limitations that are important to highlight.
First, it was difficult to determine accurately the number of pro-
viders in the workforce who actually treat patients, the ratio of
nonacademic and academic providers, the number of medicine/
pediatric subspecialists, and how they were documented to
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ensure they were not being counted twice. Second, the clinical
FTE was selected based on the limited information that was avail-
able at the time and cannot be considered 100% accurate. Next,
the primary data collection was conducted using the ACR mem-
bership, which may limit the generalizability to the overall rheuma-
tology workforce. Notably, the findings from this 2015 workforce
study demonstrate a significant worsening in the workforce gap
compared to the 2005 study. The supply and demand model is
complex, taking into account several population-level factors, in
addition to direct rheumatology practice measures such as FTE
and disease prevalence. Although great attention was taken in
creating the model assumptions, some of the assumptions were
possibly inaccurate and thus overestimated the workforce gap,
in comparison to the 2005 study. However, the primary purpose
of these projections is to demonstrate important trends in work-
force gaps and to identify access to care concerns for pediatric
rheumatology care with potential solutions for the future.

In conclusion, this ACR/ARP workforce study has demon-
strated that the pediatric rheumatology workforce is not meeting
demand, and projections show that this excess demand is
increasing significantly. Based on our model, by 2030, we are
likely to have only half the supply of pediatric rheumatology care
needed to meet the demand. Innovative strategies are needed
to increase the workforce supply and to improve access to care
for pediatric rheumatology patients.
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Temporal Relationship Between Juvenile Idiopathic Arthritis
Disease Activity and Uveitis Disease Activity

Emily J. Liebling,1 Walter Faig,1 Joyce C. Chang,2 Elizabeth Mendoza,1 Nicholas Moore,3

Nahomy Ledesma Vicioso,4 and Melissa A. Lerman2

Objective. To determine whether there is a temporal association between arthritis and uveitis activity among
children with juvenile idiopathic arthritis–associated uveitis (JIA-U).

Methods. Uveitis and arthritis data from patients with JIA-U age ≤21 years were collected from July 2013 to
December 2019 at a tertiary care center. Arthritis activity was assessed at each rheumatology visit, and the primary
outcome was the presence of active uveitis at ophthalmologic examination within 45 days of the rheumatology visit.
Repeated-measures logistic regression was used to evaluate the temporal association between any uveitis activity
within 45 days of arthritis activity. Models were adjusted for demographic-, disease-, and treatment-related factors.

Results. A total of 98 patients were included: 81 (83%) female, 67 (69%) antinuclear antibody positive, 59 (60%) oli-
goarticular, and 13 (13%) enthesitis-related arthritis (ERA) subtypes. There were 1,229 rheumatology visits, with a
median of 13 visits per patient (interquartile range 7–18). Concordance between arthritis and uveitis activity was
observed 73% of the time (694 of 947). There was an independent temporal association between uveitis and arthritis
activity (odds ratio 2.47 [95% confidence interval 1.72–3.54]; P < 0.01), adjusted for demographic and disease charac-
teristics. Use of combination biologic and nonbiologic disease-modifying antirheumatic drugs, female sex, HLA–B27
positivity, and ERA and polyarticular (rheumatoid factor negative) subtypes were associated with decreased odds of
active uveitis at any time point.

Conclusion. In patients with JIA-U, there is a significant temporal association between arthritis and uveitis dis-
ease activity. These novel results suggest that an arthritis flare should prompt an expedited referral to the
ophthalmologist.

INTRODUCTION

The uveitis associated with juvenile idiopathic arthritis (JIA-
U) accounts for an estimated 20–40% of cases of childhood
noninfectious uveitis. It is most often insidious in onset and
exhibits a chronic course, with JIA subtypes incurring various
risks of ocular involvement (1–3). Even after uveitis is identified
and treated, patients have a lifetime risk of recurrence and can
develop complications well into adulthood (4). Patient- and
disease-specific factors associated with uveitis development in
JIA have been identified, and those patients with the highest risk
undergo frequent ophthalmologic screening (3,5). Specifically,
female sex, antinuclear antibody (ANA) positivity, young age of

arthritis onset (≤6 years), and oligoarticular subtype fall into this
category.

Contrary to the historical dogma of arthritis and uveitis exhi-
biting distinct and unrelated courses, emerging data over the last
20 years have demonstrated that the arthritis activity of patients
with JIA-U may be more persistent than that of JIA patients with-
out uveitis (6,7). Despite the suggestion of a relationship between
the 2 entities, little is known about the temporal nature of the
association. Rosenberg and Oen’s dedicated 1986 study did
not establish arthritis and uveitis to run parallel courses, but the
generalizability was limited by the small sample size (n = 35), long
intervals between examinations (6 months), and lack of defined
time window of concomitant disease activity (8). To our
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knowledge, there has since been no large, dedicated systematic

evaluation of arthritis activity as it temporally relates to uveitis

activity over the JIA-U disease course.
Identification of such a relationship would inform manage-

ment of children with known JIA-U, as an arthritis flare would
prompt immediate referral for assessment of uveitis activity. Here
we aimed to determine whether there is a temporal association
between arthritis and uveitis disease activity, and which patient-
and disease-specific factors are associated with greater uveitis
activity over time.

PATIENTS AND METHODS

This is a retrospective, single center, longitudinal cohort
study using medical record data of patients with JIA-U treated at
The Children’s Hospital of Philadelphia between July 1, 2013
and December 1, 2019. To be included, patients must have been
age ≤21 years at enrollment, have a physician diagnosis of JIA, of
any International League of Associations of Rheumatology sub-
type, and have a history of uveitis, of any Standardization of
Uveitis Nomenclature (SUN) subtype (9,10). Patients were
excluded if they had any other autoinflammatory or autoimmune
disease. Of the medication exposure during the reporting period,
etanercept was excluded due to known inefficacy for the treat-
ment of JIA-U (11). An exemption was granted for this study by
The Children’s Hospital of Philadelphia Institutional Review Board
(13-010355) for the conduct of secondary research for which
consent is not required.

Study measures. The primary outcome was the presence
of active uveitis at any ophthalmology visit occurring within each
90-day assessment period, up to 45 days before and 45 days
after each rheumatology visit. A window of 45 days was chosen
to capture the most joint and eye examinations, to produce a
robust data set, as most children with JIA-U are evaluated every
3 months by a rheumatologist. Any ophthalmology visit that was
not within 45 days of a rheumatology visit was excluded. Uveitis
was considered active if at least 1 of the following criteria were

met: anterior chamber cell of SUN grade >0.5+, eye examination
performed while the patient was administering >2 topical gluco-
corticoid drops per eye per day, eye examination performed while
the patient was treated with oral glucocorticoids, and other-
wise defined as active by an ophthalmologist’s assessment.
This last criterion was established to account for the few
examinations performed by ophthalmologists outside of The
Children’s Hospital of Philadelphia in which SUN grading was
not provided. In such cases, uveitis activity was based on the
ophthalmologist’s assessment. Arthritis was assessed at each
rheumatology visit and was considered active in 1 or more
joints if there was swelling or tenderness with limited range of
motion, or if arthritis was otherwise deemed active by a rheu-
matologist’s assessment.

Patient- and disease-related covariates were considered,
including sex, JIA subtype, ANA status, HLA–B27 status, years from
uveitis diagnosis, ocular symptoms of pain, redness, vision changes,
or photophobia, disease-modifying antirheumatic drug (DMARD),
and systemic glucocorticoid use. With respect to JIA subtype, the
polyarticular rheumatoid factor (RF) positive and undifferentiated
subtypes were combined with those of unknown status as a single
category. This combination was performed due to the low number
of patients within each of the 3 groups, as analysis of each individual
category would not have produced meaningful results.

Statistical analysis. Descriptive statistics of mean � SD
or median (interquartile range [IQR]) were used to summarize
demographic and disease characteristics, as well as rheumatol-
ogy visit characteristics. Repeated-measures logistic regression
with generalized estimating equations was used to assess esti-
mates of correlation. For the primary analysis, uveitis status was
imputed for rheumatology visits with no eye examination within
the proximate 45 days of arthritis assessment, using predicted
probabilities from a logistic model of complete cases. All models
were adjusted for time, and forward selection methods (P value
for entry ≤0.2) were used to select additional covariates for inclu-
sion. Sex, ANA status, HLA–B27 status, and JIA subtype were
determined a priori to be potential confounders and were forced
into the final multivariable model. Chi-square, Student’s t-test,
Kruskal-Wallis test, and Wilcoxon’s rank sum tests were per-
formed, as appropriate, to compare covariates across visits by
uveitis status. ANA and HLA–B27 status were treated as binary
variables (positive versus negative/unknown) in all models, and
therefore missingness occurred only with uveitis activity. The dis-
tribution of arthritis activity was compared between patients with
and without missing eye examinations via chi-square tests to
assess patterns of missingness, and a missing-at-random mech-
anism was assumed. The distributions of other covariates were
similarly evaluated and those predictive of missingness were
included in the imputation regression.

Several sensitivity analyses were performed to evaluate our
cohort definition and to address potential bias due to missing

SIGNIFICANCE & INNOVATIONS
• Uncertainty exists as to whether arthritis activity

and uveitis activity exhibit parallel courses in juve-
nile idiopathic arthritis–associated uveitis (JIA-U),
and whether children should be evaluated for active
uveitis at the time of arthritis flare.

• This is the first large, dedicated cohort study to dem-
onstrate a strong temporal association between
arthritis and uveitis activity in the JIA-U disease course.

• The presence of arthritis activity should prompt
expedited referral to the ophthalmologist to facili-
tate early diagnosis and treatment of a uveitis flare.
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data. First, patients with the enthesitis-related arthritis (ERA) sub-
type of JIA were excluded from the analysis, given the distinct pre-
sentation of acute anterior uveitis in this subpopulation. Second,
the results from a complete case analysis of only those visits with-
out missing data were compared to the results when including the
imputed uveitis status. Lastly, to further address the potential
effects of missing data and investigate the robustness of our esti-
mates to possible departures from the missing-at-random
assumption, we simulated the range of point estimates that would
be obtained if uveitis was active versus inactive at all missing
eye examinations. All analyses were performed in SAS software,
version 9.4, with a prespecified significance level of 0.05.

RESULTS

Study population. A total of 98 patients were enrolled in
the study, with a median of 13 rheumatology visits per patient
(IQR 7–18) (Table 1). Of those patients, 83% were female, 60%
were oligoarticular subtype, and of the 97 patients for whom
ANA status was known, 69% were positive. Over the course
of the reporting period, 70% were treated with at least

1 biologic DMARD, 83% with a nonbiologic DMARD, and 65%
with combination therapy.

Visit characteristics. There were 1,229 rheumatology visits
across the cohort from 2013 to 2019, of which arthritis was active in
17% (Table 2). In total, 18% of all rheumatology visits had active
uveitis within 45 days, 59% had inactive uveitis within 45 days,
and 23% had no proximate eye exam. Active uveitis occurred prox-
imate to active arthritis at 6% of all rheumatology visits (69 of 1,229),
while inactive uveitis occurred proximate to inactive arthritis at 51%
of visits (625 of 1,229), resulting in concordance of joint and eye dis-
ease activity at 73% of visits (694 of 947) in which uveitis status was
known. Univariable associations between patient characteristics
and active uveitis are shown in Supplementary Table 1, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24483/abstract.

Arthritis and uveitis temporal association. There was
a 2.5-fold higher adjusted odds of active uveitis proximate to visits
with active arthritis compared to those with inactive arthritis (95%
confidence interval [95% CI] 1.72–3.54; P < 0.01) (Table 3). The
predicted probability of active uveitis within 45 days of active
arthritis at the mean of all other covariates was 65% (95% CI
0.49–0.77), as compared to 42% (95% CI 0.28–0.57) in those
with no active joints.

Table 1. Baseline patient demographic and disease characteristics*

Characteristic
Total

(n = 98)

Female 81 (83)
Age, median (IQR) years
At uveitis diagnosis 5.1 (3.2–7.9)
At JIA diagnosis† 3.3 (2.0–6.7])

JIA subtype
Oligoarticular 59 (60)
Polyarticular (RF negative) 16 (16)
Enthesitis related 13 (13)
Psoriatic 5 (5)
Other/unknown‡ 5 (5)

Uveitis subtype
Anterior 96 (98)
Panuveitis 2 (2)

ANA positive§ 67 (69)
HLA–B27 positive¶ 10 (12)
Visits per subject, median (IQR) 13 (7–18)
Medications#
Biologic DMARD** 69 (70)
Nonbiologic DMARD†† 81 (83)
Combination DMARD 64 (65)
Systemic glucocorticoids 10 (10)
Neither 12 (12)

* Values are the number (%) unless indicated otherwise. ANA =
antinuclear antibody; DMARD = disease-modifying antirheumatic
drug; IQR = interquartile range; JIA = juvenile idiopathic arthritis;
RF = rheumatoid factor.
† Two patients have unknown date of JIA diagnosis (n = 96).
‡ Includes polyarticular (RF+) and undifferentiated subtypes.
§ Percentage of patients for whom ANA status is known (n = 97).
¶ Percentage of patients for whom HLA–B27 status is known (n = 83).
# Patients with any exposure to biologic DMARD, nonbiologic
DMARD, or both, within the reporting period.
** Infliximab, adalimumab, tocilizumab, rituximab, abatacept,
tofacitinib, and ustekinumab.
†† Methotrexate, leflunomide, and mycophenolate mofetil.

Table 2. Visit characteristics at all musculoskeletal exams*

Characteristic
Total

(n = 1,229)

Disease status
Active arthritis

1–4 joints 198 (16)
≥5 joints 7 (1)

Inactive arthritis 1,024 (83)
Proximate active uveitis† 225 (18)

Active uveitis within 45 days of active
arthritis

69 (6)

Proximate inactive uveitis† 722 (59)
Inactive uveitis within 45 days of inactive
arthritis

625 (51)

Unable to determine uveitis status (missing) 282 (23)
Age at visit, mean (IQR) years 10.9 (7.4–14.3)
Uveitis symptoms‡ 30 (2.4)
Medications§
Biologic DMARD¶ 159 (13)
Nonbiologic DMARD# 263 (21)
Combination DMARD 599 (49)
Systemic glucocorticoids 15 (1.2)
Neither 208 (17)

* Values are the number (%) unless indicated otherwise. DMARD =
disease-modifying antirheumatic drug; IQR = interquartile range.
† Uveitis status within 45 days of joint examination.
‡ Eye pain, redness, vision changes, and photophobia.
§ Number of visits with biologic DMARD alone, nonbiologic DMARD
alone, or both concurrently.
¶ Infliximab, adalimumab, tocilizumab, rituximab, abatacept, tofaci-
tinib, and ustekinumab.
# Methotrexate, leflunomide, and mycophenolate mofetil.
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Female sex was associated with decreased odds of
active uveitis at any time point (odds ratio [OR] 0.59 [95% CI
0.39–0.90], P = 0.01), as was use of combination biologic and
nonbiologic DMARD (OR 0.45 [95% CI 0.30–0.68], P < 0.01). All
JIA subtypes other than the psoriatic subtype had a lower odds
of active uveitis over time compared to the oligoarticular subtype.
HLA–B27 positivity was associated with a decreased odds
(OR 0.59 [95% CI 0.35–1.00], P = 0.05), though this point esti-
mate resulted from comparison to the combination of patients
who were HLA–B27 negative (74%) and those in whom HLA–
B27 status was unknown (15%). Years from uveitis diagnosis
was also associated with a lower odds of active uveitis over time
(OR 0.94 [95% CI 0.89–1.00], P = 0.04).

Sensitivity analysis. Excluding patients with ERA sub-
type from the cohort definition did not significantly change our
results (OR 2.28 [95% CI 1.55–3.38], P < 0.01). With respect
to missing data, complete case analysis yielded a similar esti-
mate for the association between arthritis and uveitis activity
compared to multiple imputation (Table 4). In the simulation

analysis assuming a range of nonrandom missingness in uveitis
activity, the temporal association remained significant; imput-
ing all missing ophthalmology visits as having active uveitis
yielded OR 1.61 (95% CI 1.14–2.27; P = 0.01), whereas
imputing all missing visits as inactive uveitis yielded OR 2.45
(95% CI 1.72–3.49; P < 0.01). Variables associated with a
higher likelihood of missing eye exams were female sex, non-
biologic DMARD use, lack of systemic glucocorticoid use, and
the absence of symptoms (data not shown).

DISCUSSION

To date, this is the largest investigation evaluating the tem-
poral association between arthritis activity and uveitis activity in
a cohort of patients with JIA-U. The only prior dedicated study
did not demonstrate such a relationship, and subsequently,
rheumatologists do not feel compelled to screen for uveitis
activity at the time of arthritis flare. However, inherent limita-
tions in patient volume and study design limit the application
of those conclusions. Using a 45-day period of continuous uve-
itis assessment surrounding the time of the rheumatology visit,
we demonstrated that the 2 diseases often run parallel
courses. The magnitude of this association is striking, with an
almost 2.5-fold odds of having active uveitis within 45 days of
active arthritis, independent of various patient- and disease-
related characteristics. Thus, the predicted probability of having
active uveitis within 45 days of active arthritis is 65%, suggesting
that active arthritis should prompt earlier and more frequent
ophthalmologic evaluation.

Additionally, various patient- and JIA disease–related charac-
teristics associated with the presence of active uveitis were identi-
fied in this cohort. Use of combination biologic and nonbiologic
DMARD, female sex, ERA, and polyarticular RF negative subtypes
were associated with a decreased odds of active uveitis at any time
point. Notably, female sex is a risk factor for the development of

Table 3. Factors associated with active uveitis over time in an
adjusted model*

Variable Adjusted odds ratio (95% CI) P

Active arthritis† 2.47 (1.72–3.54) <0.01
Female 0.59 (0.38–0.90) 0.01
Age at visit† 1.04 (0.99–1.09) 0.17
Time from uveitis
diagnosis, years†

0.94 (0.89–1.00) 0.04

JIA subtype
Oligoarticular – –

Polyarticular (RF
negative)

0.47 (0.29–0.75) <0.01

Enthesitis-related 0.30 (0.16–0.55) <0.01
Psoriatic 0.78 (0.42–1.42) 0.41
Other/unknown 0.48 (0.24–0.99) 0.05

ANA positivity 0.95 (0.68–1.32) 0.75
HLA–B27 positivity 0.59 (0.35–1.00) 0.05
Symptoms‡ 5.48 (2.39–12.57) <0.01
DMARD use†
No DMARD – –

Biologic DMARD§ 0.62 (0.37–1.05) 0.07
Nonbiologic DMARD¶ 0.67 (0.43–1.05) 0.08
Combination DMARD 0.45 (0.30–0.68) <0.01

Systemic glucocorticoid
use†

4.43 (1.36–14.43) 0.01

* Multivariable generalized estimating equations logistic regression
model estimating the association between arthritis and uveitis (first
row), adjusted for time and demographic-, disease- and treatment-
related characteristics. Covariates listed with odds of active uveitis at
any time point in the reporting period. 95% CI= 95% confidence inter-
val; ANA = antinuclear antibody; DMARD = disease-modifying anti-
rheumatic drug; JIA = juvenile idiopathic arthritis; RF = rheumatoid
factor.
† Indicates time-varying covariate, updated at every visit.
‡ Eye pain, redness, vision changes, and photophobia. Indicates
time-varying covariate, updated at every visit.
§ Infliximab, adalimumab, tocilizumab, rituximab, abatacept, tofaci-
tinib, and ustekinumab.
¶ Methotrexate, leflunomide, and mycophenolate mofetil.

Table 4. Sensitivity analyses comparing imputation to complete
case analysis*

Odds ratio (95% CI) P

Imputation analysis†
All JIA subtypes (1,229 visits) 2.47 (1.72–3.54) <0.01
ERA subtype excluded (1,062

visits)
2.28 (1.55–3.38) <0.01

Complete case analysis‡
All JIA subtypes (947 visits) 2.41 (1.64–3.55) <0.01
ERA subtype excluded (825

visits)
2.44 (1.60–3.71) <0.01

* Estimates of the association between active arthritis and active
uveitis at any visit from generalized estimating equations logistic
regression, adjusted for time, demographic-, disease-, and treatment-
related characteristics. 95% CI = 95% confidence interval; ERA =
enthesitis related arthritis; JIA = juvenile idiopathic arthritis.
† Regression analysis with imputation of missing uveitis status.
‡ Joint examinations with nonmissing eye examinations within pre-
ceding or succeeding 45 days.
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uveitis ever in children with JIA, but male sex is typically associated
with more aggressive eye disease and worse visual outcomes in
the JIA-U population (12–14). Therefore, the observation that male
patients in our JIA-U cohort were more likely than female patients
to have active uveitis at any visit is consistent with this pattern.

In this population, we did not distinguish between chronic
anterior uveitis and acute anterior uveitis, as our experience has
shown that even patients with chronic anterior uveitis, typically
thought to have silent disease, may exhibit symptoms of eye pain,
redness, vision changes, and photophobia. Conversely, the JIA
subtypes usually associated with acute anterior uveitis may instead
manifest asymptomatic eye disease (15). Our findings indicate that
a patient with symptoms at any visit was more likely than an
asymptomatic individual to have active uveitis at any time point.
Furthermore, the ERA subtype is predisposed to acute uveitis that
is considered pathophysiologically distinct from chronic uveitis,
and thus providers may be less vigilant about frequent ophthalmo-
logic screening (16,17). However, excluding the ERA subtype did
not significantly change the temporal association between arthritis
and uveitis activity, nor did it ameliorate the association between
eye symptoms and active uveitis. In a similar vein, HLA–B27 posi-
tivity was suggestive of a lower likelihood of active uveitis, but
15% of patients with unknown HLA–B27 status obviated a conclu-
sive point estimate. Therefore, an arthritis flare in patients of all JIA
subtypes should prompt expedited uveitis screening.

The major limitation of our study was the proportion of miss-
ing data, as 23% of rheumatology visits had no proximate eye
examination in the reporting period. Among the variables associ-
ated with higher likelihood of missing eye examinations was
female sex, which was also associated with decreased odds of
active uveitis at any time point. Therefore, as 86% of the rheuma-
tology visits without proximate eye examinations had inactive
arthritis, the true magnitude of concordance between eye and
joint disease was likely even greater than our results demonstrate.

Reassuringly, our findings were robust to several sensitivity
analyses designed to address missing data. Both complete-case
analysis andmultiple imputation demonstrated a significant tempo-
ral association of similar magnitude between arthritis and uveitis
activity. In addition, we simulated estimates at both extremes, in
which the propensity of eye exams to be missing was either per-
fectly associated with active uveitis or perfectly associated with
inactive uveitis. Imputation of all 282 rheumatology visits with either
proximate active or inactive uveitis status yielded an OR range of
1.61–2.45. Thus, despite the potential for missing data to change
the magnitude of the temporal association, the relationship
between eye and joint disease remained clinically significant.

Another limitation is the lack of data regarding time intervals
between changes in systemic medication and arthritis assess-
ment. Due to the retrospective nature of this study, ascertainment
of the precise time of medication change with respect to the joint
examination was difficult, due to variation in provider documenta-
tion, as well as the potential lag from the time of medication

prescription to the time of actual administration. Our estimates
present an average risk at a single time point, on any given medi-
cation regimen. Future studies will be needed to assess how the
timing of medication changes modifies the association between
arthritis and uveitis activity.

Our findings are consistent with previous studies that have
alluded to a nonrandom association between arthritis and uveitis
disease activity in JIA-U. The Inception Cohort of Newly diagnosed
patients with Juvenile Idiopathic Arthritis identified moderate-to-
high JIA disease activity as a predictor of uveitis reactivation over
a 2-year follow-up period, after achieving sustained uveitis quies-
cence ≥6 months (18). Along the same lines, in an investigation
of young adults with JIA evaluated at an average of 16 years
after JIA diagnosis, patients with a history of uveitis ever in their
disease course exhibited active arthritis at follow-up more often
than those without a history of uveitis (risk ratio 1.38 [95% CI
1.06–1.78], P < 0.044); in fact, 4 of 5 individuals with extended
oligoarticular JIA had ongoing active uveitis and active arthritis
at follow-up (19). These important findings opened the door to
further questions about the arthritis-uveitis relationship, for
which there is emerging biologic evidence that the 2 share a
common inflammatory mechanism (20,21). Tears of children
with JIA-U exhibit cytokine signatures more closely associated
with inflammatory arthritis than children with idiopathic chronic
anterior uveitis (22).

Serum markers of uveitis activity have also been newly rec-
ognized, and here we propose that active joint disease may
serve as a noninvasive biomarker for active eye disease, for
which there is potential even into adulthood (4,19,23). These
results hold promise for future evaluation of various JIA-U
patient- and disease-related factors that may affect the associ-
ation. Current American College of Rheumatology/Arthritis
Foundation recommendations include standard, 3-month oph-
thalmic screening for JIA-U patients with controlled eye dis-
ease, irrespective of joint disease activity (24). Our current
findings, elaborated by future identification of individual factors
incurring different probabilities of uveitis activity with respect to
arthritis activity, may inform future guidelines.

In conclusion, this novel work has demonstrated an indepen-
dent temporal association between uveitis and arthritis activity in
patients with JIA-U, with a nearly 2.5-fold higher odds of having
active uveitis in the context of active arthritis. This important find-
ing challenges the prior paradigm that uveitis runs a separate
course from arthritis, and suggests that an arthritis flare should
prompt urgent referral to the ophthalmologist in this population.

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. Liebling 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.

ARTHRITIS AND UVEITIS ACTIVITY IN JIA 353



Study conception and design. Liebling, Chang, Lerman.
Acquisition of data. Liebling, Mendoza, Moore, Vicioso.
Analysis and interpretation of data. Liebling, Faig, Chang, Lerman.

REFERENCES

1. Smith JA, Mackensen F, Sen HN, Leigh JF, Watkins AS, Pyatetsky D,
et al. Epidemiology and course of disease in childhood uveitis. Oph-
thalmology 2009;116:1544–51.

2. Holland GN, Denove CS, Yu F. Chronic anterior uveitis in children: clinical
characteristics and complications. Am J Ophthalmol 2009;147:667–78.

3. Heiligenhaus A, Niewerth M, Ganser G, Heinz C, Minden K, German
Uveitis in Childhood Study Group. Prevalence and complications of
uveitis in juvenile idiopathic arthritis in a population-based nation-wide
study in Germany: suggested modification of the current screening
guidelines. Rheumatology (Oxford) 2007;46:1015–9.

4. Zak M, Fledelius H, Pedersen FK. Ocular complications and visual
outcome in juvenile chronic arthritis: a 25-year follow-up study. Acta
Ophthalmol Scand 2003;81:211–5.

5. Saurenmann RK, Levin AV, Feldman BM, Laxer RM, Schneider R,
Silverman ED. Risk factors for development of uveitis differ between
girls and boys with juvenile idiopathic arthritis. Arthritis Rheum 2010;
62:1824–8.

6. Kotaniemi K, Kotaniemi A, Savolainen A. Uveitis as a marker of active
arthritis in 372 patients with juvenile idiopathic seronegative oligoar-
thritis or polyarthritis. Clin Exp Rheumatol 2002;20:109–12.

7. Ezzahri M, Amine B, Rostom S, Rifay Y, Badri D, Mawani N, et al. The
uveitis and its relationship with disease activity and quality of life in
Moroccan children with juvenile idiopathic arthritis. Clin Rheumatol
2013;32:1387–91.

8. Rosenberg AM, Oen KG. The relationship between ocular and articu-
lar disease activity in children with juvenile rheumatoid arthritis and
associated uveitis. Arthritis Rheum 1986;29:797–800.

9. Foeldvari I, Bidde M. Validation of the proposed ILAR classification cri-
teria for juvenile idiopathic arthritis: International League of Associa-
tions for Rheumatology. J Rheumatol 2000;27:1069–72.

10. Jabs DA, Nussenblatt RB, Rosenbaum JT, Standardization of Uveitis
Nomenclature Working Group. Standardization of uveitis nomencla-
ture for reporting clinical data: results of the first international work-
shop. Am J Ophthalmol 2005;140:509–16.

11. Schmeling H, Horneff G. Etanercept and uveitis in patients with juve-
nile idiopathic arthritis. Rheumatology (Oxford) 2005;44:1008–11.

12. Zulian F, Martini G, Falcini F, Gerloni V, Zannin ME, Pinello L, et al.
Early predictors of severe course of uveitis in oligoarticular juvenile idi-
opathic arthritis. J Rheumatol 2002;29:2446–53.

13. Edelsten C, Lee V, Bentley CR, Kanski JJ, Graham EM. An evaluation
of baseline risk factors predicting severity in juvenile idiopathic arthritis
associated uveitis and other chronic anterior uveitis in early childhood.
Br J Ophthalmol 2002;86:51–6.

14. Kalinina Ayuso V, Ten Cate HA, van der Does P, Rothova A, de
Boer JH. Male gender and poor visual outcome in uveitis associated
with juvenile idiopathic arthritis. Am J Ophthalmol 2010;149:987–93.

15. Marino A, Weiss PF, Davidson SL, Lerman MA. Symptoms in nonin-
fectious uveitis in a pediatric cohort: initial presentation versus recur-
rences. J AAPOS 2019;23:220.

16. Chang JH, McCluskey PJ, Wakefield D. Acute anterior uveitis and
HLA-B27. Surv Ophthalmol 2005;50:364–88.

17. Clarke SL, Sen ES, Ramanan AV. Juvenile idiopathic arthritis-
associated uveitis. Pediatr Rheumatol Online J 2016;14:27.

18. Heiligenhaus A, Klotsche J, Tappeiner C, Sengler C, Niewerth M,
Liedmann I, et al. Predictive factors and biomarkers for the 2-year
outcome of uveitis in juvenile idiopathic arthritis: data from the
Inception Cohort of Newly diagnosed patients with Juvenile Idio-
pathic Arthritis (ICON-JIA) study. Rheumatology (Oxford) 2019;58:
975–86.

19. Kotaniemi K, Arkela-Kautiainen M, Haapasaari J, Leirisalo-Repo M.
Uveitis in young adults with juvenile idiopathic arthritis: a clinical evalu-
ation of 123 patients. Ann Rheum Dis 2005;64:871–4.

20. Kalinina Ayuso V, de Boer JH, Byers HL, Coulton GR, Dekkers J, de
Visser L, et al. Intraocular biomarker identification in uveitis associated
with juvenile idiopathic arthritis. Invest Ophthalmol Vis Sci 2013;54:
3709–20.

21. Haasnoot AM, Kuiper JJ, Hiddingh S, Schellekens PA, de Jager W,
Imhof SM, et al. Ocular fluid analysis in children reveals interleukin-
29/interferon-λ1 as a biomarker for juvenile idiopathic arthritis–
associated uveitis. Arthritis Rheumatol 2016;68:1769–79.

22. Angeles-Han ST, Yeh S, Patel P, Duong D, Jenkins K, Rouster-
Stevens KA, et al. Discovery of tear biomarkers in children with
chronic non-infectious anterior uveitis: a pilot study. J Ophthalmic
Inflamm Infect 2018;8:17.

23. Walscheid K, Heiligenhaus A, Holzinger D, Roth J, Heinz C,
Tappeiner C, et al. Elevated S100A8/A9 and S100A12 serum levels
reflect intraocular inflammation in juvenile idiopathic arthritis-
associated uveitis: results from a pilot study. Invest Ophthalmol Vis
Sci 2015;56:7653–60.

24. Angeles-Han ST, Ringold S, Beukelman T, Lovell D, Cuello CA,
Becker ML, et al. 2019 American College of Rheumatology/Arthritis
Foundation guideline for the screening, monitoring, and treatment of
juvenile idiopathic arthritis–associated uveitis. Arthritis Care Res
(Hoboken) 2019;71:703–16.

LIEBLING ET AL354



Assessing the Validity and Reliability of the Effects
of Youngsters’ Eyesight on Quality of Life Questionnaire
Among Children With Uveitis

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,5 Joseph McDonald,1 Najima Mwase,1 Sampath Prahalad,9

Erin Stahl,2 Virginia Miraldi Utz,1 A. Adrienne Walker,10 Steven Yeh,8 and Sheila T. Angeles-Han1

Objective. The Effects of Youngsters’ Eyesight on Quality of Life (EYE-Q) questionnaire measures vision-related
functioning (VRF) and vision-related quality of life (VRQoL) in children with uveitis. Our aim was to revise the alpha ver-
sion of the EYE-Q to refine VRF and VRQoL subscales and to assess the validity of the EYE-Q.

Methods. Children with juvenile idiopathic arthritis (JIA), JIA-associated uveitis, and other noninfectious uveitis
were enrolled. Patients and parents completed the EYE-Q, Pediatric Quality of Life Inventory (overall quality of life),
and Childhood Health Assessment Questionnaire (physical functioning). The development site completed the alpha
version of the EYE-Q, and the composite sites completed the beta version. We compared item-subscale correlations,
internal consistency, and construct and discriminant validity among the different versions.

Results. Of the 644 patients enrolled, 61.6% completed the alpha version, and 38.4% the beta version of the
EYE-Q. Mean � SD patient age was 11.1 � 4.2 years, and 70%were female. Fewer White patients (73.5%) completed
the alpha version compared to the beta version (86.2%; P < 0.001). With the exception of patient-reported VRF, both
versions had similar item-subscale correlations. Version comparisons on scale internal consistencies indicated signif-
icant differences for parent- and patient-reported VRF, but each scale had a Cronbach’s α of >0.80 beta. When data
were combined, the EYE-Q showed significant differences between JIA-only and uveitis patients on all parent and
patient scores, except for patient-reported VRF.

Conclusion. The EYE-Q appears to be a valid measure of VRF and VRQoL in pediatric uveitis. Our results suggest it
may be used as an outcome measure in multicenter pediatric uveitis studies.

INTRODUCTION

Adequate vision is crucial for a child to participate in school

and home activities. Vision loss affects social, emotional, mental,

and physical well-being, with long-standing effects into adult-

hood. Pediatric chronic noninfectious uveitis is an inflammatory

ocular disease that can lead to sight-threatening complications

(1). It can occur in isolation, as in idiopathic uveitis, or be
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associated with systemic conditions, commonly juvenile idio-
pathic arthritis (JIA) (2–5). Few studies examine the impact of uve-
itis on quality of life (QoL) and daily functioning in children (6–10).

Understanding the effects of disease and complex treatment
regimens on a child’sQoL and vision-related functioning (VRF) can
optimize disease management. The World Health Organization
defines QoL as an “individual’s perception of their position in life
in the context of the culture and value systems in which they live
and in relation to their goals, expectations, standards, and con-
cerns” (11). QoL can be affected by visual impairment, ocular
complications, treatment with eye drops or immunosuppressive
medications, and frequent subspecialists and laboratory blood
draw visits. VRF is a measure of an individual’s ability to perform
activities of daily living that rely on visual acuity, peripheral vision,
contrast, and color vision (12). Visual impairment can lead to diffi-
culty in performing daily tasks that rely on vision. Thus, VRF may
be assessed by measuring the degree of visual impairment that
one experiences while performing daily tasks. Outcomes of chil-
dren with JIA-associated uveitis are typically assessed by the oph-
thalmic examination and questionnaires on physical function and
general QoL (13,14). Assessment by ophthalmic examination
and questionnaires may result in an underestimation of the effects
of uveitis (7,15–17).

In adult uveitis studies, the National Eye Institute Visual Func-
tioning Questionnaire is used to measure outcomes (18–20). Previ-
ously, no pediatric vision questionnaires focused on uveitis (21–26).
Thus, we developed the Effects of Youngsters’ Eyesight on Quality
of Life (EYE-Q) questionnaire, the only tool that assesses VRF and
vision-related QoL (VRQoL) in this population (27–29). Earlier
single-center studies support the validity and the reliability of the
EYE-Q. Interviews and focus groupswith children, rheumatologists,
and ophthalmologists showed face and content validity. Criterion-
and construct-related validity were demonstrated as the EYE-Q dif-
ferentiated children with an underlying uveitis diagnosis, by severity
of visual impairment and laterality of eye involvement and was asso-
ciated with visual acuity and contrast sensitivity. Test–retest reliabil-
ity has also been established (29). However, unpublished
psychometrics on the alpha version of the EYE-Q reported the need

to refine the VRF items (see Supplementary Appendix A, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24491/abstract), and additional focus
groups suggested expanding VRQoL items.

Our aims were to revise the alpha version of the EYE-Q to
refine the VRF and VRQoL subscales, to examine the internal con-
sistency of the alpha and beta versions of the EYE-Q subscales,
and to assess the construct and discriminant validity of the
EYE-Q in a large, multicenter cohort.

PATIENTS AND METHODS

Study design and analysis population. This multicenter
study was approved by all institutional review boards, which con-
formed to the US Health Insurance Portability and Privacy Act
requirements. Informed consent/assent was obtained from each
participant. The development site testing the alpha version of the
EYE-Q was Emory University (EU) in Atlanta, Georgia. The com-
posite sites testing the beta version included Cincinnati Children’s
Hospital Medical Center (CCHMC) in Cincinnati, Ohio, Children’s
Mercy Hospital (CMH) in Kansas City, Missouri, and University of
California, Los Angeles (UCLA) Mattel Children’s Hospital located
in Los Angeles, California.

Subjects. Children diagnosed with JIA without uveitis, JIA
with uveitis, or noninfectious uveitis of any cause were invited to
participate from November 30, 2011 to September 27, 2019.
Potential subjects were approached consecutively during their
rheumatology or ophthalmology appointments. The cohorts at
EU and CCHMC were enrolled in a prospective epidemiology
study, and only baseline data were used. Inclusion criteria were:
1) a diagnosis of JIA per International League of Associations for
Rheumatology classification (30) with or without uveitis, or nonin-
fectious uveitis of any cause without JIA, 2) age 5–18 years at
study visit, and 3) ability to speak English. Exclusion criteria were
significant comorbidity unrelated to uveitis (i.e., sickle cell anemia)
affecting QoL and function, major development disorders
(i.e., cerebral palsy, mental retardation [one patient had Down
syndrome but was considered highly functional and was able to
complete the questionnaires with the aid of his mother]), inability
to speak English, or inability to complete the questionnaire.

Data collection. For disease characteristics, we con-
ducted systematic medical record reviews and administered
parent- and patient-based questionnaires at study visits. Data
included age, sex, self-described race and ethnicity, JIA subtype,
uveitis diagnosis, and ocular examination (best corrected visual
acuity [BCVA]). We recorded data from the most recent ophthal-
mology visit for BCVA in both eyes for CMH and UCLA. Latent
variable BCVA data were recorded for all ophthalmology visits
for EU and CCHMC. For patient-reported outcome measures,
patients (if age appropriate) and parents/guardians completed

SIGNIFICANCE & INNOVATIONS
• Uveitis can lead to vision-threatening complications

in children.
• Few studies examine the impact of uveitis on the

quality of life of children and their families due to
the lack of a uveitis-specific questionnaire.

• The Effects of Youngsters’ Eyesight on Quality of
Life (EYE-Q) questionnaire is the only measure of
vision-related functioning and quality of life in pedi-
atric uveitis.

• This is the first multicenter validation study of the
EYE-Q that supports its use in future studies.
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patient-reported outcome measures over approximately
20 minutes.

Information on visual functioning and VRQoL was gathered
using the EYE-Q, a measure of VRF and VRQoL in children and
adolescents ages 5–18 years. It is written at a 3rd-grade reading
level and completed by patients and parent proxies. Self-reports
are available for patients who are ≥8 years old and able to read
at a 3rd-grade level. For patients at a reading level of <3rd grade,
the questionnaire was administered by office staff. Paper- and
electronic-based formats in large print are available.

The EYE-Q alpha version (see Supplementary Appendix B,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24491/abstract) was com-
pleted at the development site. It contained 25 items (19 mea-
sured VRF and 6 measured VRQoL) using a 5-point response
system with 1 = never or not hard, up to 5 = always/cannot
do. Test–retest reliability showed a correlation of 0.75 over a
10-day period, showing no significant changes over that period.
Psychometrics for the alpha version using the Rasch partial credit
model are reported in Supplementary Appendix A, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24491/abstract.

The EYE-Q beta version (see Supplementary Appendix C,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24491/abstract) was cre-
ated as a result of Rasch analysis and additional focus groups’
suggestions to bolster the VRQoL section, with revision of the
alpha version. The beta version was completed at composite sites
using a 3-point response scale. It contains 24 items, where
16 measure VRF and ophthalmic symptoms (near and far vision,
color/night vision, and photosensitivity), and 8 measure VRQoL
(feelings about use of medications, about participating in social
activities related to vision, and about having uveitis). VRQoL ques-
tions were added to identify areas of uveitis that impact on chil-
dren’s socioemotional perceptions. The 3-point response format
measures the difficulty in completing VRF tasks (0 = never hard,
1= sometimes hard, 2= always hard), and how true a QoL state-
ment is (0= never, 1= sometimes, 2= always). Participants have
the option to mark that an item does not apply to them (“does not
apply”). A visual analog scale was not included, to remain sensi-
tive to visual impairment.

The scoring system is based on the following process:
1) reverse score each item; 2) sum the items; 3) subtract 2 points
for each aid used, up to 4 aids (i.e., using large print books, mag-
nifying glasses, special lighting, or other aids, not including
glasses or contact lenses [points were deducted for visual aids
because they were viewed as negatively impacting VRF and
VRQoL]); 4) divide the raw score by the number of items
answered; 5) divide this average score by 2 to create a propor-
tion; and 6) multiply by 100 to get a percent score. Scores in the
negative range were excluded since the visual impairment likely
prevented the ability to complete VRF tasks. This standardized

score allows for easy interpretation and is similar to generic QoL
questionnaires such as the Pediatric Quality of Life Inventory
(PedsQL). Scores range from 0 to 100, with higher scores indicat-
ing better total vision, VRF, and VRQoL. A global assessment of
the child’s eyesight was also completed by the patient and/or par-
ent. Overall QoL was measured with the PedsQL 4.0, a valid
23-item measure of general health-related QoL in children age
2–18 years that includes 2 summary scores for physical and
socioemotional states (31). Scores range from 0 to 100, and
higher scores indicate better QoL.

Physical functioning was assessed using the Childhood
Health Assessment Questionnaire (C-HAQ), a valid arthritis-
specific measure that evaluates functional disability and consists
of 20 questions in 8 functional components: 1) dressing and
grooming, 2) arising, 3) eating, 4) walking, 5) hygiene, 6) reach,
7) grip, and 8) activities (32). There are 3 parameters within each
area: 1) difficulty in performing daily functions, 2) use of special
aids or devices, and 3) activities that require assistance from
another person. Scores range from 0 to 3, and higher scores indi-
cate worse physical function.

Study variables. Predictor variables were 1) the uveitis
group (the presence of JIA-associated uveitis or uveitis of any
cause) or the absence of uveitis (JIA without uveitis) and 2) the
study site (development or composite). Demographic variables
included age, sex, race dichotomized as White versus non-White,
and ethnicity: Hispanic versus Non-Hispanic. The clinical variable
of BCVA was included to summarize site differences but was not
included in the analysis due to missing data. For many patients,
eye examinations (where visual acuity was derived) were con-
ducted on different dates than when the EYE-Q questionnaire
was administered.

Statistical analysis. Descriptive statistics such as fre-
quency counts and percentages for dichotomous or polytomous
variables, and means � SDs for continuous variables, were used
to summarize demographic information, clinical variables, assess-
ment instruments, and outcome measures. To examine the inter-
nal consistencies of the alpha and beta version of the EYE-Q
subscales (VRF and VRQoL), we completed 2 analyses. The first
was item-to-scale correlations to examine the strength of the rela-
tionship for each item to each VRF and VRQoL subscale score.
An average of the subscale correlations for both the alpha and
beta versions was created, and alpha versus beta differences
were tested using a Student’s t-test. Following Nunnally, correla-
tion values were interpreted as weak (≤0.20), fair (0.21–0.40),
moderate (0.41–0.60), good (0.61–0.80), and excellent (>0.80)
(33). The second analysis was an examination of the internal con-
sistencies of the alpha and beta versions of the EYE-Q VRF and
VRQoL subscale scores, conducted by calculating a Cronbach’s
alpha on the EYE-Q subscale scores for the alpha and then for
the beta versions of the EYE-Q. Tavakol and Dennick report the
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range for Cronbach’s α = 0.7–0.9 to be acceptable (34).
Test–retest reliability for the beta version was conducted using
Pearson’s correlation, and paired t-tests were used to examine
test–retest reliability for the beta versions.

To test for potential site differences in the EYE-Q total, VRF,
and VRQoL scores, Student’s t-tests were calculated. We also
tested for site differences on the PedsQL and C-HAQ, to ascer-
tain whether significant differences in EYE-Q scores were due to

the uniqueness of the development site and not to the changes
from the alpha to the beta version of the EYE-Q.

To assess the construct validity of the EYE-Q, we used the
PedsQL and the C-HAQ. We hypothesized that when combining
all patients in the development and composite sites, there would
be moderate correlations between the PedsQL and EYE-Q total
scores, and fair-to-moderate correlations among the PedsQL
subscale and the EYE-Q subscale scores. We also hypothesized
a poor-to-fair correlation among EYE-Q total and subscale
and C-HAQ scores. Pearson’s correlation coefficients were cal-
culated between the EYE-Q scores and the PedsQL total, physi-
cal health score, and psychosocial health summary, and C-HAQ
total scores. Correlations were interpreted as ≤0.20 poor,
0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 good, and ≥0.81
excellent (33).

To assess the discriminant validity of the EYE-Q, we also
used the PedsQL and the C-HAQ. While generic versions of the
PedsQL measure overall QoL, and the C-HAQmeasures physical
limitations, a disease-specific questionnaire is more sensitive to
specific conditions that can discriminate between groups within
a disease category. To examine group differences between
patients with and without a uveitis diagnosis we used general lin-
ear models, controlling for demographic covariates as well as
sites (composite versus development). We hypothesized that
uveitis patients would have lower EYE-Q scores compared to
patients without uveitis, but there would be no significant group
differences on the PedsQL or C-HAQ.

The Cohen’s d statistic was used to demonstrate discrimi-
nant validity of the EYE-Q by estimating effect sizes between
groups. The following scale was used to interpret the Cohen’s d:
0.20= weak, 0.50=moderate, and 0.80= strong (35). An alpha
of P less than 0.05 was used to determine statistical significance.
All data, except where open-source programing was employed,
were analyzed using SAS software, version 9.4.

RESULTS

Patient characteristics. Of 644 patients, 397 (61.6%)
were enrolled in the development site (EU) and 247 (38.4%) in

Table 1. Demographic and clinical characteristics of patients at
development (EU) and composite (CCHMC, CMH, UCLA) sites*

Development
(n = 397)

Composite
(n = 247)

Age, mean � SD 11.0 � 4.5 11.4 � 3.5
Sex
Female 270 (68.5) 178 (72.4)
Male 124 (31.5) 68 (27.6)

Race†
Non-White 105 (26.5) 34 (13.8)
White 292 (73.5) 213 (86.2)

Uveitis group‡
JIA only 276 (70.1) 128 (51.6)
Uveitis 118 (29.9) 120 (48.4)

Highest visual acuity
(worse eye)§

20/20 to 20/40 116 (61.5) 141 (75.0)
20/50 or worse 72 (38.3) 47 (25.0)

PedsQL, mean � SD
Parent total¶ 77.6 � 18.9 83.3 � 15.4
Parent physical# 75.7 � 23.8 81.8 � 19.8
Parent
psychosocial**

78.6 � 18.8 84.0 � 15.5

Patient total 78.0 � 17.7 80.9 � 16.0
Patient physical 78.0 � 21.5 81.1 � 19.4
Patient
psychosocial

78.0 � 18.3 80.9 � 17.0

* Valuesare thenumber (%)unless indicatedotherwise. CCHMC = Cin-
cinnati Children’s Hospital Medical Center; CMH = Children’s Mercy
Hospital; EU = EmoryUniversity; JIA = juvenile idiopathic arthritis; Ped-
sQL = PediatricQuality of Life Inventory version 4.0; UCLA= University
of California, Los Angeles.
† χ2 = 14.5, P < 0.001.
‡ χ2 = 22.2, P < 0.001.
§ 53% of patients were missing data from the development site and
24% were missing data from the composite sites. χ2 = 7.68,
P = 0.006.
¶ t = –3.93, P < 0.001.
# t = –3.72, P < 0.001.
** t = –3.35, P < 0.001.

Table 2. Item-to-scale correlations and Cronbach’s alpha for EYE-Q total, vision-related functioning (VRF) and
vision-related quality of life (VRQoL) scores by version*

Item-to-scale correlation, mean � SD Cronbach’s alpha, coefficient (95% CI)

Version Alpha Beta Alpha Beta

Parent responses
VRF 0.72 � 0.06 0.68 � 0.09 0.96 (0.95–0.96) 0.94 (0.92–0.95)
VRQoL 0.52 � 0.15 0.51 � 0.14 0.77 (0.72–0.80) 0.80 (0.75–0.84)

Patient responses
VRF 0.62 � 0.08 0.51 � 0.10 0.93 (0.91–0.94) 0.87 (0.81–0.89)
VRQoL 0.49 � 0.14 0.46 � 0.13 0.75 (0.70–0.80) 0.76 (0.70–0.81)

* Parent alpha version n = 332; patient alpha version n = 223; parent beta version n = 201; patient beta version
n = 179. 95% CI = 95% confidence interval; EYE-Q = Effects of Youngsters’ Eyesight on Quality of Life.
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the composite sites of CCHMC (n = 210 [85%]), CMH (n = 16
[6.5%]), and UCLA (n = 21 [8.5%]) (Table 1). Data from the com-
posite sites were combined for the validity analyses. Mean � SD
patient age was 11.1 � 4.2 years, and 70% (n = 448) were
females. Of 505 White patients (78.5%), the development site
had significantly fewer White patients (73.5%) compared to the
composite sites (86.2%; χ2 = 14.5, P < 0.001). The develop-
ment site (n = 118 [29.9%]) had significantly fewer uveitis
patients than the composite sites (n = 120 [48.4%]; χ2 = 22.2,
P < 0.001), but had significantly more visual impairment (worse
eye) during any examination (BCVA 20/50 or worse) compared
to the composite sites (72 [38.3%] versus 47 [25.0%];
χ2 = 7.68, P = 0.006).

Comparison of the item-level to subscale correla-
tion of the EYE-Q between the alpha (development site)
and beta (composite sites) versions.Using the item-to-scale
correlations, we tested for differences between the alpha and
beta versions. With the exception of patient-reported VRF,
both alpha and beta versions had similar item-to-scale correla-
tions, with all of the mean item-to-scale correlations indicating
moderate-to-strong associations (Table 2). While the item-
to-scale correlations for patient-reported VRF were significantly
higher for the alpha version (mean � SD 0.62 � 0.08) compared
to the beta version (mean � SD 0.51 � 0.10) (t score = –3.62,
P = 0.001), the higher mean correlation for the alpha version
was aided by 2 items with a strong correlation of 0.68 (“How hard
is it for you to see the steps so that you do not fall when going
down the stairs?” and “How hard is it for you to see the steps
so that you do not trip when going up the stairs?”).

Comparison of internal consistency of the EYE-Q
subscales scores between the alpha and beta versions.
To determine whether the internal consistencies of the alpha and
beta versions were similar, we compared the Cronbach’s alpha
for each subscale. The alpha and beta versions of the VRF had a
Cronbach’s α = 0.87 or higher for both the parent- and patient-
reported scores. (Table 2). The coefficients for VRQoL ranged
between 0.75 and 0.80. A total of 48 parents and patients com-
pleted the test–retest task. Test–retest reliability showed a corre-
lation of 0.79 for the parents and 0.83 for patients over a 10-day
period, with paired t-test on the 2 sets of EYE-Q scores showing
no significant changes.

Table 3. Site comparisons on the EYE-Q, PedsQL, and C-HAQ scores*

Alpha version site Beta version sites t score P

Parent responses
EYE-Q
Total 87.0 � 13.2 89.2 � 14.7 –1.81 0.071
VRF 91.4 � 13.3 90.7 � 16.6 0.49 0.623
VRQoL 70.7 � 22.6 82.6 � 19.0 –6.00 <0.001

PedsQL
Total 77.6 � 18.9 83.3 � 15.4 –3.93 <0.001
Physical 75.7 � 23.8 81.8 � 19.8 –3.35 0.001
Psychosocial 78.6 � 18.8 84.0 � 15.5 –3.72 <0.001

C-HAQ total 0.4 � 0.5 0.3 � 0.4 2.64 0.009
Patient responses
EYE-Q
Total 86.5 � 12.6 86.2 � 13.5 0.23 0.820
VRF 89.7 � 12.3 86.8 � 14.2 2.15 0.032
VRQoL 74.4 � 21.6 81.9 � 19.2 –3.36 <0.001

PedsQL
Total 78 � 17.7 80.9 � 16.0 –1.95 0.051
Physical 78.0 � 21.5 81.1 � 19.4 –1.72 0.085
Psychosocial 78.0 � 18.3 80.9 � 17.0 –1.80 0.072

C-HAQ total 0.4 � 0.5 0.3 � 0.4 3.20 0.004

* Values are the mean � SD unless indicated otherwise. C-HAQ = Childhood Health Assessment Questionnaire;
EYE-Q = Effects of Youngsters’ Eyesight on Quality of Life; PedsQL = Pediatric Quality of Life Inventory version
4.0; VRF = vision-related functioning; VRQoL = vision-related quality of life.

Table 4. Correlations between EYE-Q and PedsQL/C-HAQ*

EYE-Q
total

EYE-Q
VRF

EYE-Q
VRQoL

Parent responses
PedsQL

Total 0.42 0.41 0.30
Physical 0.27 0.27 0.18
Psychosocial 0.47 0.44 0.33

C-HAQ total –0.27 –0.25 –0.23
Patient responses
PedsQL

Total 0.54 0.52 0.41
Physical 0.37 0.37 0.27
Psychosocial 0.57 0.55 0.45

C-HAQ total –0.41 –0.42 –0.32

* All correlations were significant at the P < 0.001 level. C-HAQ =
Childhood Health Assessment Questionnaire; EYE-Q = Effects of
Youngsters’ Eyesight on Quality of Life; PedsQL = Pediatric Quality
of Life Inventory version 4.0; VRF = vision-related functioning,
VRQoL = vision-related quality of life.
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Comparisons of the EYE-Q versions. While there were
significant differences between the parent-report VRQoL scores
(mean � SD alpha version 70.7 � 22.6 versus beta version

82.6 � 19.0; t = –6.0, P < 0.001), significant alpha versus beta
version differences were also found in parent-reported PedsQL
and C-HAQ scores (Table 3). Results from the patient-reported
measures were mixed. Patients completing the alpha version
reported better VRF compared to patients taking the beta version
(mean � SD 89.7 � 12.3 versus 86.8 � 14.2; t = 2.15,
P = 0.03), but worse VRQoL (mean � SD 74.4 � 21.6 versus
81.9 � 19.2; t = –3.36, P < 0.001). Additionally, patients com-
pleting the alpha version of the EYE-Q reported worse physical
functioning (mean � SD 0.40 � 0.5) compared to C-HAQ scores
for beta version patients (mean � SD 0.3 � 0.4; t = 3.2,
P = 0.004).

Construct validity of the EYE-Q.We evaluated the Pear-
son’s correlations between the EYE-Q and PedsQL, with the C-
HAQ. The associations between parent-reported EYE-Q scores
and the PedsQL and C-HAQ ranged from a low correlation of
0.18 between VRQoL and PedsQL physical health, to a moderate
correlation of 0.47 between EYE-Q total and PedsQL (Table 4).
Patient reports indicated a stronger association between EYE-Q
scores and the PedsQL and C-HAQ, with the correlation between
EYE-Q total and PedsQL psychosocial summary scores being the
highest (r = 0.57).

Viability of the EYE-Q to assess the overall level of
uveitis disease complexity (discriminant validity).
Figures 1A and 1B show group differences on the EYE-Q and
PedsQL. When data from the alpha and beta versions were com-
bined, the EYE-Q scores showed differences across disease
severity groups (JIA without uveitis group, or uveitis group) in the
expected direction. On parent and patient scores, except for
patient-reported VRF, the uveitis group reported lower EYE-Q
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Figure 1. A, Parent-reported scores. B, Patient-reported scores.
Whiskers indicate standard error. EYE-Q = Effects of Youngsters’
Eyesight on Quality of Life; JIA = juvenile idiopathic arthritis;
PedsQL = Pediatric Quality of Life Inventory.

Table 5. Mean scores for EYE-Q and PedsQL by uveitis groups*

JIA only Uveitis t score P Cohen’s d

Parent responses n = 332 n = 201
EYE-Q
Total 89.7 � 0.9 80.6 � 1.0 7.71 <0.001 0.69
VRF 91.4 � 1.0 84.6 � 1.1 5.33 <0.001 0.47
VRQoL 82.0 � 1.6 67.6 � 1.5 7.25 <0.001 0.69

PedsQL
Total 78.3 � 1.2 81.4 � 1.3 –1.91 0.057 0.16
Psychosocial 79.7 � 1.2 80.0 � 1.3 –0.21 0.836 0.02
Physical 75.5 � 1.5 83.9 � 1.7 –4.14 <0.001 0.35

Patient responses n = 223 n = 179
EYE-Q
Total 86.8 � 1.1 82.1 � 1.1 4.28 <0.001 0.46
VRF 87.8 � 1.1 85.3 � 1.1 1.76 0.079 0.18
VRQoL 81.1 � 1.9 71.1 � 1.8 4.28 <0.001 0.46

PedsQL
Total 78.8 � 1.2 82.3 � 1.3 –2.19 0.029 0.19
Psychosocial 79.1 � 1.3 80.7 � 1.4 –0.96 0.337 0.09
Physical 78.3 � 1.4 85.4 � 1.5 –3.78 <0.001 0.34

* Values are the mean � SD unless indicated otherwise. Models controlled for sex, age, race, and composite site.
EYE-Q = Effects of Youngsters’ Eyesight on Quality of Life; JIA = juvenile idiopathic arthritis; PedsQL = Pediatric
Quality of Life Inventory version 4.0; VRF = vision-related functioning, VRQoL = vision-related quality of life.
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scores than the JIA without uveitis group, with corresponding
moderate effect sizes ranging between 0.46 and 0.69 (Table 5).
Results for the parent- and patient-reported PedsQL demon-
strated weak effect sizes for both total and psychosocial subscale
(0.02–0.19) scores. Parents and patients in the JIA without uveitis
group reported lower physical health summary scores compared
to the uveitis group (Cohen’s d: 0.35 and 0.34, respectively),
which may be related to underlying arthritis.

DISCUSSION

Our results suggest that the alpha (original) and beta (revised)
versions of the EYE-Q are similar, and that the current version of
the EYE-Q is a valid measure of VRF and VRQoL in children with
noninfectious uveitis. All mean item-to-scale correlations were in
the moderate range, with only the patient-reported VRF scale
showing significant differences between the alpha and beta ver-
sions. Additionally, internal consistency measures for VRF scores
were above 0.90 in both the alpha and beta versions. The VRQoL
also had an acceptable internal consistency, with a Cronbach’s α
of no lower than 0.75.

Differences in racial composition between the patients/
parents taking the alpha version and the beta version may have
depressed the EYE-Q scores, especially the VRQoL subscale
scores. Non-White patients rate their VRQoL lower than White
patients. Additionally, parents and patients completing the alpha
version of the EYE-Q reported lower scores on the PedsQL.
Therefore, their EYE-Q VRQoL scores might also be expected to
be lower. While these results are consistent with prior literature
(36), we must be aware that QoL scores, including vision-related
scores, may also be detecting problems associated with larger
societal issues as well as health- or vision-related QoL. Further,
we previously showed at the development site that Black children
with uveitis had worse BCVA and ocular complications compared
to White children (37).

Given that the EYE-Q was able to detect differences in VRF
and VRQoL, this finding supports the discriminant validity of the
EYE-Q, and the need for a disease-specific measure. The need
for a disease-specific measure is endorsed further when results
from the EYE-Q are compared to the PedsQL, similar to a study
in adults with JIA and uveitis by Haasnoot et al where uveitis had
a negative effect on VRQoL, even with good visual acuity (17).
Additionally, general QoL measures failed to distinguish between
patients with and without uveitis.

No standardized protocol to assess uveitis outcomes in chil-
dren exists, although efforts are underway to validate outcome
measures (38,39). Usual measures include: 1) ophthalmic exami-
nation to measure BCVA for visual functioning, the presence of
cells, or protein flare in the anterior chamber per Standardization
of Uveitis Nomenclature criteria (40) for activity, and ocular com-
plications for damage, and 2) general QoL patient-reported out-
come measures. Although questionnaires such as the Juvenile

Arthritis Multidimensional Assessment Report assess the impact
of JIA, data are lacking on the effects of uveitis on function and
health-related QoL in children (9,41).

We previously showed that the PedsQL may not accurately
measure the impact of uveitis (29). Further, current pediatric vision
questionnaires may not be ideal because they are not culturally
optimal, not uveitis-focused, use parent-proxy reports that may
not reflect the child’s perspective, or focus on function but not
on QoL (21–25). Although the National Eye Institute Visual Func-
tioning Questionnaire shows clinically meaningful improvement in
visual functioning in adults with uveitis, adult-based tools are not
valid for children (18), as they contain irrelevant items related to
cooking, driving, and working. Pediatric uveitis–specific questions
may reveal areas of vision that are not quantified by general mea-
sures or the ophthalmic examination.

Expert groups acknowledge the need for a holistic approach
to uveitis outcomes that includes patient-reported outcome mea-
sures combined with clinical examination findings (7,39). To date,
pediatric uveitis clinical trials do not incorporate uveitis-specific
patient-reported outcome measures. Inclusion of ophthalmic
examinations and patient-reported outcome measures that
reflect changes in the quality of vision, despite normal BCVA or
inactive disease, will provide new information on factors to be tar-
geted to improve health-related QoL. Adding the EYE-Q to stud-
ies that measure pediatric visual outcomes may provide ways to
better support children and families. A potential exists for use in
clinical trials as a treatment outcome measure. Work is underway
to investigate the use of the EYE-Q as a measure of change in
ocular disease status. Early detection of a change in disease sta-
tus leading to timely intervention can prevent lifelong visual
disability.

Ophthalmic examinations did not always occur on the same
date as questionnaire completion, so that mapping examination
information onto the EYE-Q scores was difficult. This problem
could impact VRF scores, as we previously showed that visual
impairment measured by BCVA impacts VRF. Some medical
records missed ophthalmic examination data. We found that
VRQoL was related to the racial composition of the respondent.
While health-related QoL is often affected by socioeconomic sta-
tus (42), consideration of how race might affect VRQoL is neces-
sary. The VRQoL was an indicator of how well, or poorly, a
patient’s QoL was impacted by uveitis, but within each racial
group. As in general and other disease populations, children of
different races and ethnicities may have varied health-related
QoL. Studies on the impact of uveitis on VRQoL in racially and
ethnically diverse populations are needed. While racial composi-
tion can be used as an indicator of socioeconomic status, the
inclusion of caregiver educational attainment status or family
income would have strengthened these control variables. Due to
enrollment requirements of a diagnosis of uveitis at CMH and
UCLA, more patients with uveitis were recruited at the composite
sites. Finally, there are potential treatment or physician practice
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differences between the development and composite sites. At
CMH and UCLA, recruitment was initially focused on patients with
JIA-associated uveitis with a visual acuity worse than 20/50. The
BCVA posed a barrier to recruitment, so we expanded recruit-
ment to include normal BCVA.

In conclusion, for pediatric uveitis, clinical measures are pri-
marily used to evaluate visual outcomes, hence the need for a
comprehensive evaluation that takes into account child and par-
ent perspectives. The EYE-Q is a reliable and valid instrument that
could complement ophthalmic examinations and global health
measures and augment the assessment of the impact of disease
and utility of treatment.
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Underdetection of Interstitial Lung Disease in Juvenile
Systemic Sclerosis
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Objective. Utilizing data obtained from a prospective, international, juvenile systemic sclerosis (SSc) cohort, the
present study was undertaken to determine if pulmonary screening with forced vital capacity (FVC) and diffusing
capacity for carbon monoxide (DLCO) is sufficient to assess the presence of interstitial lung disease (ILD) in comparison
to high-resolution computed tomography (HRCT) in juvenile SSc.

Methods. The juvenile SSc cohort database was queried for patients enrolled from January 2008 to January 2020
with recorded pulmonary function tests (PFTs) parameters and HRCT to determine the discriminatory properties of
PFT parameters, FVC, and DLCO in detecting ILD.

Results. Eighty-six juvenile SSc patients had both computed tomography imaging and FVC values for direct com-
parison. Using findings on HRCT as the standard measure of ILD presence, the sensitivity of FVC in detecting ILD in
juvenile SSc was only 40%, the specificity was 77%, and area under the curve (AUC) was 0.58. Fifty-eight juvenile
SSc patients had both CT imaging and DLCO values for comparison. The sensitivity of DLCO in detecting ILD was
76%, the specificity was 70%, and AUC was 0.73.

Conclusion. The performance of PFTs in juvenile SSc to detect underlying ILD was quite limited. Specifically, the
FVC, which is one of the main clinical parameters in adult SSc to detect and monitor ILD, would miss ~60% of children
who had ILD changes on their accompanying HRCT. The DLCO was more sensitive in detecting potential abnormalities
on HRCT, but with less specificity than the FVC. These results support the use of HRCT in tandem with PFTs for the
screening of ILD in juvenile SSc.

INTRODUCTION

Juvenile systemic sclerosis (SSc) is an orphan disease with a

prevalence of ~3 in 1 million children, and due to this paucity of

cases, most general guidelines of care and treatment from pediatric

rheumatologists are based on adult-onset SSc experience (1).

Interstitial lung disease (ILD) is a major cause of morbidity for both

adult and juvenile-onset SSc (Figure 1), occurring in ~35–55% of
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patients in published juvenile SSc cohorts (2,3). Currently, novel
medications that can attenuate inflammatory-driven lung fibrosis
are being tested in clinical trials of adult SSc patients with ILD.
Resulting from these trials are medications such as nintedanib, an
inhibitor of platelet-derived growth factor receptor α and β, which
has been recently licensed for SSc-associated ILD (4), and a pedi-
atric study is planned (EMEA-001006-PIP05-18). Responsiveness
to such medication relies on early recognition of ILD to minimize
fibrotic load and prevent more permanent tissue damage.

Screening for ILD in adult and pediatric SSc patients tradition-
ally includes pulmonary function tests (PFTs), specifically spirome-
try and single-breath diffusion capacity for carbon monoxide
(DLCO) at a minimum (5). This allows the detection of a restrictive
lung defect (low forced vital capacity [FVC] and restricted pattern
on flow volume loop) with associated decreased DLCO, reflecting
the thickened interstitium from ILD (after parenchymal inflammation
and fibrosis) (6–9). Assessment of FVC is fairly standardized from
the age of 3 years, with a grading system for the quality of the test
session starting at the age of 2 years (10–12). Following FVC and
DLCO PFT values in a serial manner in adult SSc has proven to be
helpful as a biomarker reflecting lung disease status, with a change

of 10% in FVC and 15% in DLCO regarded as clinically meaningful
(6,8,9,13). However, PFT measurements are limited in detecting
earlier lung disease in SSc. This has been recognized in both chil-
dren and adults because measurements of FVC and DLCO are
associated with considerable variability due to technical factors,
diurnal or seasonal variability, or patient-related factors separate
from true pathophysiologic changes. A specific technical example
in SSc is the ability to fully make a seal on the mouthpiece to obtain
accurate readings; often, with tight facial skin and limited oral aper-
ture, this is not possible. The use of high-resolution computed
tomography (HRCT) has become the mainstream imagingmodality
for screening and quantifying ILD in adults (5,7,8,13), with the com-
bination of HRCT and PFTs both to detect and follow ILD progres-
sion and regression (6,8).

In children, traditionally, PFTs have been used for ILD screen-
ing, with the more guarded use of HRCT for concerns of radiation
in children being reserved for the more symptomatic juvenile SSc
patients or for those with abnormal FVC and/or DLCO values
(<80%) (predicted for age, weight, height, sex, and race)
(10,11,14). The decreased amount of radiation used in HRCT
recently (14), the evidence from adult SSc suggesting that HRCT
is more sensitive for earlier ILD (7), the number of asymptomatic
children who tend to subconsciously self-limit physical activity or
more rigorous exercise to avoid dyspnea, and the poor reliability
of the DLCO in children <8 years of age (10–12) all support the
more current practice of using HRCT in tandem with PFTs for
ILD screening in juvenile SSc. This reflects the more recent man-
agement style of pediatric rheumatologists enrolling patients into
the international juvenile SSc cohort. Therefore, we reviewed the
data collected from our prospective international cohort to evalu-
ate the performance parameters of PFTs in the context of concur-
rently collected HRCT findings.

PATIENTS AND METHODS

The international inception cohort for patients with juvenile
SSc is a largemulticenter observational study including 25 centers
from Europe, 5 from Asia, 6 from North America, and 6 from
South America, representing 42 academic institutions (2). The

SIGNIFICANCE & INNOVATIONS
• The discriminatory properties of forced vital capa-

city (FVC) have low sensitivity, which would miss
interstitial lung disease (ILD) in ~2 of 3 juvenile SSc
cohort patients.

• The discriminatory properties of the diffusion
capacity for carbon monoxide (DLCO) had better
sensitivity but lower specificity.

• When FVC and DLCO are combined, discriminatory
properties are improved, but only when they both
are above or below the traditional 80% cutoff, which
negates several patients who have values that are
on conflicting sides of the cutoffs for the 2 pulmo-
nary function testing values.

• Physicians should ascertain the presence of ILD
with the combination of high-resolution computed
tomography and pulmonary function tests in
patients with juvenile SSc.
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cohort includes patients with a definite diagnosis of juvenile SSc
who are <18 years of age at enrollment. The rheumatologist is
requested to report at enrollment (baseline) and every 6 months
clinical characteristics, examination findings, laboratory values,
evaluations, and treatment related to juvenile SSc management
using a standardized case report form. In addition, physician-
and patient-reported outcomes of global disease activity and
damage are collected. Lung-specific data collection includes
PFT parameters (FVC, DLCO), which are reported as percentage
of the predicted value for the patient’s demographic characteris-
tics. A cutoff value of <80% (predicted for age, weight, height,
sex, and race) is used to determine an abnormal FVC and DLCO
as defined as a traditional threshold in healthy children (10–12).
Abnormal findings of HRCT examinations were recorded, and
findings such as ground-glass opacities, reticulations, and honey-
combing consistent for ILD were used to define the presence of
ILD (8). PFTs and HRCT were obtained clinically and were sug-
gested to be performed at the study visits; the presence or
absence of testing and the results were recorded at each study
visit.

Data for this analysis were based on patients enrolled in the
juvenile SSc cohort from January 2008 to January 2020 who
had recorded PFT parameters and HRCT results to determine
the sensitivity of PFT detecting ILD. Standard statistics to evaluate
the discriminative ability of FVC and DLCO to detect ILD presence
or absence, such as sensitivity, specificity, or receiver operating
characteristic area under the curve (AUC), were calculated. The
proportion of patients with positive findings on HRCT was

compared by means of a logistic regression model. Chi-square
or t-tests were used to determine differences between character-
istics of those with and without HRCT performed (P < 0.05 was
used for significance). To identify clinical characteristics as poten-
tial predictors of ILD, a univariable logistic regression of the indi-
vidual clinical measures was performed, followed by a
multivariable model using backward selection (P < 0.10) to ana-
lyze those variables significant in the univariable model.

RESULTS

Demographic characteristics. Of the 150 patients
enrolled in the juvenile SSc cohort at the time of data query,
86 (57%) had both CT imaging and an FVC reading from PFT for
direct comparison. Among those, 77% (66 of 86) had diffuse sub-
type, and 80% were female. Mean � SD disease duration was
3.1 � 3.0 years, and mean � SD age at onset of Raynaud’s phe-
nomenon was 10.1 � 3.9 years. Seventy-nine patients (92%)
were >8 years of age at the assessment of PFT and HRCT (see
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24499/
abstract). To assess for bias in those with available studies for
the test performance of FVC and DLCO, juvenile SSc patients with
reported PFT parameters and who underwent an HRCT (n = 86)
were compared to patients without these examinations (n = 64)
and were found to be comparable across multiple demographic
and clinical characteristics, including disease severity assess-
ment, with the only exception being a higher proportion of

Figure 1. Interstitial lung disease (ILD) in a 9-year-old girl with systemic sclerosis. A–D (cephalad to caudal lungs) demonstrate high-resolution
computed tomography (CT) findings consistent with ILD, including peripheral ground-glass opacities, with distribution in all lobes with hyperden-
sity in the anterior mid (A andB) and lower (C andD) lobes, stacking cystic changes consistent with honeycombing, especially in the anterior upper
lobes (A), and subpleural cystic changes in the posterior lower lobes (C and D). Concurrent pulmonary function tests were discordant with the
moderate-to-severe degree of pulmonary involvement seen on CT, with a forced vital capacity of 78% predicted, total lung capacity of 96% pre-
dicted, and a diffusion capacity for carbon monoxide of 84% predicted. The patient had been treated with cyclophosphamide, hydroxychloro-
quine, rituximab, glucocorticoids, mycophenolate mofetil, and tocilizumab to help stabilize her ILD, underscoring the severity of her condition.
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pulmonary involvement (59% versus 25%; P < 0.001) (see Sup-
plementary Table 1, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24499/abstract). Disease prevalence of ILD,
defined as HRCT findings consistent with ILD, was 44% (38 of
the 86 patients with HRCT results). Clinical characteristics of the
38 children with ILD on HRCT compared to those 48 without evi-
dence on HRCT via univariate analyses demonstrated the associ-
ation of a higher modified Rodnan skin thickness score (MRSS)
and gastrointestinal (GI) involvement with the presence of ILD on
HRCT (P < 0.05) (see Supplementary Table 2A, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24499/abstract), with multivariable model
analysis of these factors supporting a trend toward significance
of a higher MRSS and significant association between the pres-
ence of GI involvement and ILD on HRCT (P = 0.046) (see Supple-
mentary Table 2B, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24499/
abstract).

Test performance of FVC. Table 1 presents the associa-
tion between FVC <80%/≥80% and the presence of ILD on
HRCT. The discriminative ability (AUC) of FVC as a test to detect
ILD was 0.58 (95% confidence interval [95% CI] 0.48–0.68). The
sensitivity and specificity were 40% and 77%, respectively.

Test performance of DLco. DLCO readings were
recorded in 71 juvenile SSc patients from the data query, and
58 of them had accompanying HRCT readings. Disease preva-
lence of ILD was 43% (25 of 58). The AUC of DLCO <80%/≥80%
to discriminate between patients with and without ILD on HRCT
was 0.73 (95% CI 0.61–0.85) (Table 1). The sensitivity and speci-
ficity were 76% and 70%, respectively.

Test performance of FVC and DLco. Both FVC and
DLCO were reported in 59 patients. Five of the 26 (19%) who had

both parameters (FVC and DLCO) measuring above the threshold
of 80% (normal cutoff) had an abnormal HRCT (see Supplemen-
tary Table 3, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24499/abstract).
Both FVC and DLCO values were recorded as <80% for
12 patients; of these patients, 9 (75%) had ILD on HRCT. The dis-
criminative ability of both DLCO and FVC ≥80% versus both DLCO
and FVC <80% in relation to HRCT findings was 0.76 (95% CI
0.61–0.91), with a sensitivity and specificity of 64% and 88%
(see Supplementary Table 4, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24499/abstract). Patients with conflicting PFT results (FVC
<80% and DLCO ≥80% [n = 5]; FVC ≥80% and DLCO <80%
[n = 16]) had ~50% detection of ILD on HRCT and were excluded
from this combination analysis (see Supplementary Table 3, avail-
able on the Arthritis Care & Researchwebsite at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24499/abstract). Patients with DLCO
<80% were more likely to show abnormal findings on HRCT irre-
spective of FVC (see Supplementary Table 3, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24499/abstract).

Receiver operating curve. The receiver operating char-
acteristic curves for continuous values of FVC, DLCO, and the
combination of FVC and DLCO are shown in Figure 2. The AUC,
reflecting the performance of the PFT variables to detect patients
with ILD on HRCT, was lower for the FVC (AUC 0.65 [95% CI
0.53–0.77]) compared to the DLCO (AUC 0.80 [95% CI 0.67–
0.92]) and the combination of FVC and DLCO. The minimum of
FVC and DLCO was selected for combining both tests; in 69% of
patients, the DLCO was counted because of its lower value com-
pared to FVC (AUC 0.82 [95% CI 0.69–0.93]).

Alternative FVC andDLco cutoffs. In addition to the per-
formance of traditional thresholds for healthy children (80%), alter-
native thresholds of FVC and DLCO of 75%, 85%, and 90% were

Table 1. Diagnostic test properties of forced vital capacity (FVC) and diffusing capacity for carbon monoxide (DLCO)
as assessment for interstitial lung disease (ILD) detection*

FVC† DLCO‡

<80% ≥80% <80% ≥80%

ILD on HRCT, no. 15 23 19 6
No ILD on HRCT, no. 11 37 10 23
Sensitivity 39.5 (24.0–56.6) 39.5 (24.0–56.6) 76.0 (54.9–90.6) 76.0 (54.9–90.6)
Specificity 77.1 (62.7–88.0) 77.1 (62.7–88.0) 69.7 (51.3–84.4) 69.7 (51.3–84.4)
Positive predictive value 57.7 (36.9–76.6) 57.7 (36.9–76.6) 65.5 (45.7–82.1) 65.5 (45.7–82.1)
Negative predictive value 61.7 (48.2–73.9) 61.7 (48.2–73.9) 79.3 (60.3–92.0) 79.3 (60.3–92.0)
Area under the curve§ 0.58 (0.48–0.68) 0.58 (0.48–0.68) 0.73 (0.61–0.85) 0.73 (0.61–0.85)
Likelihood ratio (+) 1.72 (0.90–3.3) 1.72 (0.90–3.3) 2.51 (1.43–4.40) 2.51 (1.43–4.40)
Likelihood ratio (–) 0.79 (0.58–1.10) 0.79 (0.58–1.10) 0.34 (0.17–0.72) 0.34 (0.17–0.72)

* Values are the % (95% CI) unless indicated otherwise. 95% CI = 95% confidence interval; CT = computed tomogra-
phy; HRCT = high-resolution CT; PFT = pulmonary function testing.
† N = 86 patients with CT imaging and a FVC reading from PFT.
‡ N = 58 patients with CT imaging and a DLCO reading from PFT.
§ Area under the curve estimated for FVC </≥80% and DLCO </≥80%.
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examined on an exploratory basis. The sensitivity, specificity, pos-
itive predictive value, negative predictive value (NPV), and AUC
are reported in Supplementary Tables 5 and 6, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24499/abstract. The combination of
increased sensitivity (58% and 84%) without losing too much
specificity (71% and 70%) while gaining the maximum AUC
(0.64 and 0.77) is reflected in the 85% cutoff for both the FVC
and DLCO, respectively. DLCO continues to have superior discern-
ibility over the FVC using the alternative thresholds.

DISCUSSION

This is the first pediatric evaluation of the discriminatory ability
of PFT values (FVC and DLCO) to assess ILD in juvenile SSc
patients in context with HRCT. The discriminatory properties of
the FVC alone using the traditional threshold of 80% was quite
poor, with a sensitivity of only 40%; this would have missed the
detection of ILD in 60% (23 of 38) of the patients with ground-
glass opacities and reticulations on HRCT. The sensitivity of FVC
is much lower in juvenile patients compared to adult SSc patients
(7,15), where the sensitivity is 0.69 using the same FVC <80%
cutoff. The specificity of FVC to detect ILD in juvenile SSc

compared to adult SSc patients was similar (0.73 adult SSc [7],
and 0.77 juvenile SSc). The limited discrimination of FVC (poor
sensitivity, high false negative) may be a particular problem in
juvenile SSc because PFTs in children can be more difficult to per-
form than in adults (10–12). The DLCO is even more difficult to per-
form in children of ages <8 years due to lack of cooperation, and
much effort is required during the testing (11). Even though some
of these limitations were minimized by our sample of patients
being mainly comprised of children >8 years of age (94%), there-
fore typically obtaining more reliable FVC and DLCO results than
for younger children, there were still notable limitations of the abil-
ities of these tests to detect lung disease. This may pose even
more of a discriminatory problem in younger patients; the general
population of the juvenile SSc cohort (n = 150) has ~25% of
enrolled patients <8 years of age (2), for whom only FVC can be
reliably measured as a screening tool for ILD. The high rate of false
negatives (60%) seems to be unacceptable. Even with maximiz-
ing the FVC with alternative thresholds, the best sensitivity of
66% obtained at 90% threshold still provides a high rate of false
negatives at 35%, which is still problematic for screening pur-
poses in a cohort with potential serious pulmonary involvement.

Applying the DLCO measurement does assist in the detection
of ILD, with a reasonable sensitivity and specificity of 76% and
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Figure 2. Receiver operating characteristic curves for % predicted forced vital capacity (FVC) (solid line) and diffusion capacity for carbon mon-
oxide (DLCO) (broken line) demonstrating the discriminative ability as a test to detect interstitial lung disease on high-resolution computed tomog-
raphy. The minimum of FVC and DLCO (shaded line) was selected for the curve combining both tests; in 69% of patients, the DLCO was counted
because of its lower value compared to FVC.
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70%, respectively, using the standard 80% threshold. Compara-
ble results are also reported in adult SSc (7,13). The ability of PFTs
to detect ILD can be improved when DLCO is combined with FVC
(sensitivity and specificity of 64% and 88%, respectively).
Although the combination of FVC and DLCO provides good dis-
criminatory properties, the caveat, as mentioned, is the limited
ability of children to perform the DLCO and the limitation to inter-
pret diagnostic properties of PFTs if the 2 parameters, DLCO and
FVC, are contradictory (one is normal, and the other is abnormal).
The prevalence of ILD in both juvenile SSc and adult SSc is fre-
quent enough that the NPV of the clinical screening test should
be high enough to ensure that the SSc patients with a negative
screening test, FVC and DLCO >80% in this instance, indeed do
not have the condition of interest, ILD. The NPV of FVC in juvenile
SSc is low at 62%, with a more adequate NPV of the DLCO (79%),
which is consistent with adult DLCO data (7,15). Even with similar
NPV values of the DLCO, the adult rheumatology community has
found PFTs for screening for ILD in SSc patients alone inadequate
and endorses baseline HRCT in tandem with PFT given the num-
ber of patients with ILD not detected by PFT alone (up to 50% in
one study) (9). In agreement with our adult rheumatology col-
leagues, our data suggest that relying on PFT alone for screening
for ILD in juvenile SSc is inadequate and would have missed the
detection of ILD in almost two-thirds of the sample cohort, sup-
porting the tandem use of HRCT for detection of ILD in children
with juvenile SSc.

Additional clinical information, which may assist in identifying
those at risk for ILD in juvenile SSc, increasing the positive predic-
tive value, includes the degree of skin thickening assessed by the
MRSS; even more so, from the multivariable model is the associ-
ation with GI involvement. An average MRSS of 20 compared to
12 was seen in those with ILD compared to those without ILD in
the univariate analysis (P = 0.016), which supports a possible rela-
tionship between the extent of skin thickening with the presence
of ILD. This has been established in adult SSc patients, with dif-
fuse cutaneous SSc patients having higher frequency of ILD,
especially in earlier disease when skin score is advancing (16). GI
involvement remains significant in the multivariable model, provid-
ing stronger support for its association with the presence of ILD.
Esophageal abnormalities, including dysmotility, low esophageal
pressure and contractility, bolus clearance abnormalities, and
larger esophageal diameter (dilated, patulous), have been
associated with ILD defined by HRCT findings and abnormal
PFT readings in adult SSc (17). Although debatable as far as cau-
sality of ILD, there is an association between the 2 with the idea
that abnormalities in esophageal function and compromised
esophageal integrity allow for stasis of esophageal contents, lead-
ing to chronic microaspiration, augmenting ILD (17). A recent
study in juvenile SSc also supports abnormal esophageal findings
on upper GI tests (abnormal esophageal peristalsis or bolus clear-
ance) and increased esophageal diameter on HRCT and sug-
gests a significant association with restrictive lung function,

decreased FVC, forced expiratory volume in 1 second, and vital
capacity (18). Further investigation of adding such clinical charac-
teristics likely influencing ILD, such as GI involvement, into the PFT
sensitivity and specificity model is warranted once a larger num-
ber of patients with completed study results is enrolled.

Our study has several limitations. This is an observational
clinical study performed across multiple institutions to comprise
the international multicenter cohort; therefore, PFT and HRCT
findings were collected clinically and not as a requirement to be
standardly collected in all patients, reflecting the current standard
of care. Eighty-six of 150 registry patients (57%) had available
HRCT results to include in the sensitivity and specificity analyses.
This may have enriched our population for patients with pulmo-
nary disease. However, the 44% prevalence of pulmonary
involvement in our cohort reflects reported prevalence rates in
the other published juvenile SSc cohorts (between 36% and
55%) (2,3), and comparison of juvenile SSc patients in our cohort
with and without available HRCT results did not reveal any
significant demographic, other organ, or overall disease severity
differences (see Supplementary Table 1, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24499/abstract). There-
fore, we do not project that the standardized screening of all con-
secutive juvenile SSc patients in our cohort would have resulted in
drastically different sensitivity and specificity properties of the PFT
in comparison to the HRCT findings. An additional general limita-
tion of our study includes the fact that some of the subgroup
analyses were based on a limited number of patients, despite
the large cohort of prospectively followed juvenile SSc patients,
which must be taken into consideration.

Future directions include confirming our PFT property find-
ings in a validation cohort and evaluating the psychometric prop-
erties of sensitivity to change of FVC and ILD in the juvenile SSc
cohort longitudinally, as adult SSc studies suggest a decrease of
10% in FVC and 15% in DLCO as poor prognostic factors and clin-
ically worsening disease (6,8). Further study in our cohort once a
higher number of subjects is enrolled and screened for ILD could
include the analysis of the discriminatory properties of these
parameters, if the FVC and DLCO thresholds were modified from
the 80% cutoffs, and the utility of the addition of other clinical
characteristics that might predict ILD, such as the MRSS and GI
involvement.
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Treatment of Sarcoidosis in US Rheumatology Practices:
Data From the American College of Rheumatology’s
Rheumatology Informatics System for Effectiveness
(RISE) Registry

Nevin Hammam,1 Michael Evans,1 Esi Morgan,2 Andreas Reimold,3 Christine Anastasiou,1 Julia L. Kay,1

Jinoos Yazdany,1 and Gabriela Schmajuk4

Objective. Sarcoidosis is often treated with glucocorticoids, although the use of biologics is growing. Prescribing
patterns for biologics for patients with sarcoidosis in US rheumatology practices have never been examined. Given that
there are no steroid-sparing US Food and Drug Administration–approved therapies for sarcoidosis, we sought to char-
acterize the real-world treatment of sarcoidosis and to assess practice-level variation in prescribing patterns.

Methods. We conducted an observational study of patients with sarcoidosis using data from the Rheumatology
Informatics System for Effectiveness (RISE) registry (2014–2018). The RISE registry represents an estimated 32% of
the US clinical rheumatology workforce. Adult patients with ≥2 codes for sarcoidosis ≥30 days apart were included.
We examined sarcoidosis-specific medication use at any time during the study period. Data were analyzed at the prac-
tice level.

Results. A total of 3,276 patients with sarcoidosis from 184 practices were included. Of those patients, 75.1%
were women, with a mean age of 59.0 � 12.5 years; 48.3% were White and 27.6% were Black. Overall, 59.3% of
patients were prescribed glucocorticoids, and 24.7% received prolonged glucocorticoid therapy (≥10 mg/day for
≥90 days). In all, 12.1% received a biologic or targeted synthetic disease-modifying antirheumatic drug (tsDMARD),
most commonly tumor necrosis factor inhibitors. There was wide practice-level variation among 31 practices with
≥30 patients with sarcoidosis; biologic use ranged from 15.6% to 69.2%. Infliximab represented the most common
biologic prescribed.

Conclusion. In a large sample of US rheumatology practices, 12.1% of patients with sarcoidosis received biologics
or tsDMARDs. We found high variability in biologic use across practices. The significant use of long-term glucocorti-
coids suggests unmet therapeutic needs in this patient population.

INTRODUCTION

Sarcoidosis is a rare multisystem disease of unknown etiol-

ogy with adult-onset typically before the fourth decade. The prev-

alence of sarcoidosis in the US is estimated to be 35.5 per

100,000 for African Americans and 10.9 per 100,000 for Cauca-

sians (1). The natural history and prognosis of sarcoidosis can

vary greatly, from mild and self-limited to severe disease

that leads to significant organ impairment and death in 5% of

patients (2,3).
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The highly variable clinical features and disease course,
together with a lack of steroid-sparing pharmacologic treatments
approved by the US Food and Drug Administration (FDA), explain
why treatment for sarcoidosis is not standardized. Current main-
stays of treatment include glucocorticoids, disease-modifying
antirheumatic drugs (DMARDs), and tumor necrosis factor inhibi-
tors (TNFi) for some manifestations (4). Glucocorticoids are con-
sidered first-line treatment for most forms of sarcoidosis but can
result in significant cumulative toxicity, even at relatively low doses
(5). At present, there is significant variation in medication use for
patients with sarcoidosis and, as a result, in medical costs (6,7).

Literature on the real-world treatment of sarcoidosis is lim-
ited. One study reported that, among 1,774 patients with sarcoid-
osis followed in a large university medical center, treatment was
prescribed in 61% of patients, with 55.3% and 5.0% of the cohort
receiving glucocorticoids and TNFi, respectively (8). This finding
contrasts with a more recent study that included all patients with
sarcoidosis from a large US insurance claims database in which
only 22.8% received any treatment (6).

In this study, we used data from the Rheumatology Informat-
ics System for Effectiveness (RISE) registry, which represents an
estimated 32% of the US clinical rheumatology workforce, to
examine treatment patterns for sarcoidosis. Understanding real-
world medication use can identify areas of unmet therapeutic
need and inform future clinical trials.

PATIENTS AND METHODS

Study design and data source.We performed an obser-
vational study using data derived from the RISE registry, a national
electronic health record (EHR)–enabled rheumatology registry.
RISE is a US registry that passively collects data on all patients
seen by participating practices, thereby reducing selection bias
present in single insurer claims databases (9). Available data are
collected through the EHR, mainly from group and private prac-
tices across the US, and includes individual demographics,

diagnoses, procedures, medications, laboratory test results, and
vital signs. Rheumatology practices started contributing data to
RISE as early as January 2014, but for some practices, many
years of historical data are also available. As of 2018, RISE held
validated data from 1,113 providers in 226 practices, with a total
of 1,623,504 patients.

Study population and study period. Patients included
in this study were age ≥18 years and had ≥2 diagnosis codes
for sarcoidosis ≥30 days apart (n = 4,888; International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]
135 or ICD-10-CM D86.9) (10). We then excluded subjects who
met administrative definitions for other autoimmune conditions
(≥2 ICD codes over ≥30 days apart for rheumatoid arthritis, sys-
temic lupus erythematosus, systemic sclerosis, ankylosing spon-
dylitis, inflammatory bowel disease, or psoriatic arthritis;
n = 1,612) to increase the specificity of our case definition and
because among patients with >1 condition, inferring whether
drugs were prescribed for sarcoidosis or for the other rheumatic
condition was difficult. This exclusion left 3,276 patients with sar-
coidosis in the study sample. The study period included all obser-
vation time available in the RISE registry.

Demographic, covariate, and clinical information.
We extracted demographic data on participant age, sex, race/
ethnicity, and geographic region (East North Central, West North
Central, Mid-Atlantic, Mountain, New England, Pacific, South
Atlantic, East South Central, and West South Central). Patients
were classified as White, Black or African American, or other
(which included Hispanic or Latino, Asian, Native Hawaiian or
other Pacific Islander, American Indian or Alaska Native, multira-
cial, and patients with no race classification). Individual comorbidi-
ties examined included a diagnosis of diabetes mellitus, asthma,
hypertension, and cancer, based on diagnosis codes at any time,
as well as Charlson comorbidity index score based on codes from
any time during the study period, calculated according to
the Deyo modification (11). We enumerated the frequencies of
ICD-9-CM/ICD-10-CM codes used to specify sarcoidosis-
specific organ involvement for each patient where possible (see
Supplementary Table 1, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24496/
abstract).

Medications. Sarcoidosis-specific therapies used during
the study period were examined. Systemic glucocorticoids
included prednisone and other oral and intravenous steroids.
Prolonged glucocorticoid therapy was defined as ≥10 mg of
prednisone daily (or its equivalent) for at least 3 months (12). Con-
ventional synthetic DMARDs (csDMARDs) includedmethotrexate,
azathioprine, hydroxychloroquine, leflunomide, sulfasalazine,
mycophenolate, cyclosporine, minocycline, and tacrolimus. Bio-
logic DMARDs (bDMARDs) included TNFi (etanercept,

SIGNIFICANCE & INNOVATIONS
• This study provides the first detailed description of

national, real-world treatments provided by rheu-
matologists to patients with sarcoidosis during rou-
tine office visits.

• Approximately one-fourth of patients received pro-
longed, moderate doses of glucocorticoids, and
12.1% of patients with sarcoidosis used biologic or
targeted synthetic disease-modifying antirheumatic
drugs, despite the absence of US Food and Drug
Administration approval for these indications.

• We found wide variations in the patterns of biologic
therapies used by US rheumatologists to treat sar-
coidosis, likely reflecting the lack of standardized
treatment recommendations for this disease.
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adalimumab, infliximab, golimumab, certolizumab) and non-TNFi
biologics (abatacept, rituximab, secukinumab, ustekinumab,
omalizumab, anakinra, tocilizumab, sarilumab). Targeted syn-
thetic DMARDs (tsDMARDs) included tofacitinib, baricitinib, and
apremilast.

Statistical analysis. Data were presented as the mean �
SD or median with interquartile range (IQR) for numerical variables
and as frequency (percentage) for categorical variables. We com-
pared sociodemographic characteristics of patients with sarcoido-
sis to the overall RISE population. We also compared patients with
sarcoidosis with <2 years versus ≥2 years of follow-up using t-
tests and chi-square tests. The proportion of patients with sar-
coidosis by practice was reported out of the total number of
patients in the practice. Among practices with ≥30 patients with
sarcoidosis (high-volume practices), we calculated the proportion
of patients receiving particular medications, out of the total number
of patients with sarcoidosis in the practice (practices with <30
patients with sarcoidosis were excluded to reduce the random
variation in medication use that would result from small practice
sample sizes). Statistical significance was defined as a P value of
less than 0.05. Data analysis was performed using Stata statistical
software, version 15. For privacy protections, we reported no cell
sizes <10. This study was approved by the University of California
San Francisco and WCG institutional review boards.

RESULTS

Subject characteristics. A total of 3,276 unique patients
with sarcoidosis with a mean � SD age of 59.1 � 12.5 years
were included. Of those patients, 75.1% were female. Most
patients (48.3%) were White, and 27.6% were Black. Patients
with sarcoidosis represented between 0.2% and 1.8% of patients
in the 184 practices included (median 0.2%). The median follow-
up time during the study period was 1.9 years (IQR 0.6–4.2).
The mean � SD modified Charlson score was 1.3 � 0.9. Other
characteristics are summarized in Table 1. Age, sex, and geo-
graphic distributions of patients with sarcoidosis reflected the
underlying population of patients in the RISE registry (see Supple-
mentary Table 2, available on the Arthritis Care & Research web-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24496/
abstract). As expected, the proportion of African American
patients with sarcoidosis was significantly higher compared to
the proportion in RISE overall (27.6% versus 7.2%; P < 0.001).

Most patients were identified using codes for “sarcoidosis-
unspecified” (51.0%) (Table 2). Among patients with codes for spe-
cific clinical manifestations, musculoskeletal involvement (joints,
muscles, and bones) was most commonly coded (22.1%), fol-
lowed by pulmonary (15.1%), ocular (6.3%), renal (6.3%), neuro-
logic (5.3%), and cardiac (1.6%) manifestations. Patients with
>2 years of follow-up were more likely to have received codes
for specific disease manifestations (see Supplementary Table 3,

available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24496/abstract). Rheuma-
toid factor and the anti–cyclic citrullinated peptide antibody were
detected in 8.9% and 5.0%, respectively, among patients with
results available as structured data.

Medication use. Medications prescribed during the study
period are shown in Table 3. Themajority of patients (59.3%) were
prescribed glucocorticoids (at any dose) at some point during the
study period; 24.7% of patients received prolonged glucocorti-
coid therapy (≥10 mg/day for ≥90 days), and 18.2% of patients
received glucocorticoid monotherapy (without any DMARDs).
Methotrexate and hydroxychloroquine were the most commonly
used csDMARDs. Overall, 12.1% received 1 or more bDMARD

Table 1. Characteristics of patients with sarcoidosis in the RISE
registry*

Characteristic
Total

(n = 3,276)

Age, mean � SD years 59.1 � 12.5
Female 2,461 (75.1)
Race
White 1,582 (48.3)
Black or African American 905 (27.6)
Other† 789 (24.1)

Insurance
Medicare 803 (24.5)
Medicaid 115 (3.5)
Private 1,205 (36.7)
Other‡ 151 (4.6)
Missing 1,002 (30.6)

US geographic division
East North Central 107 (3.3)
West North Central 510 (15.6)
Mid-Atlantic 384 (11.7)
Mountain 299 (9.1)
New England 874 (26.7)
Pacific 396 (12.1)
South Atlantic 321 (9.8)
East South Central 69 (2.1)
West South Central 316 (9.6)

Practice type
Single-specialty group 2,205 (67.3)
Multispecialty group 555 (16.9)
Solo practitioner 289 (8.8)
Other clinical setting 186 (5.7)
Health system 41 (1.2)

Comorbidities
Charlson comorbidity index score,

mean � SD
1.3 � 0.9

Hypertension 545 (16.6)
Asthma 189 (5.8)
Diabetes mellitus 321 (9.8)
Cancer 177 (5.4)

Number of RISE visits, median (IQR) 3.5 (2–6.5)
Follow-up duration, median (IQR) years 1.9 (0.6–4.2)

* Values are the number (%) unless indicated otherwise. IQR =
interquartile range; RISE = Rheumatology Informatics System for
Effectiveness.
† Other race included Hispanic or Latino, Asian, Native Hawaiian or
other Pacific Islander, American Indianor AlaskaNative, andmultiracial.
‡ Other insurance included veterans and other.
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or tsDMARD, the most common of which were TNFi (10.9%; top
drugs were infliximab [6.7%], and adalimumab [4.4%]), followed
by rituximab (0.5%), omalizumab (<10), and abatacept (<10). Bio-
logics were usually used in combination with other csDMARDs;
only 29 of 387 patients received biologic monotherapy. Among
high-volume practices (practices with ≥30 patients with sarcoido-
sis; n = 31), we found large variations in biologic use, ranging from
15.6% to 69.2% of patients with sarcoidosis (Figure 1). Among
these practices, infliximab was used in between 0% and 40% of
patients. Similar variability was seen with non-TNF biologics,
which were used in between 0% and 50% of patients in each
practice.

DISCUSSION

Using data from the RISE registry, we identified 3,276
patients with sarcoidosis, the largest sample for this condition that
has been published using real-world EHR data to date. Of these
patients, nearly one-fourth were receiving moderate-dose ste-
roids for a prolonged period, and ~12% received bDMARDs or
tsDMARDs. We found wide variation in the patterns of biologic
use among rheumatology practices. These findings likely reflect
the lack of standardized treatment recommendations for this
disease.

Rare diseases such as sarcoidosis present unique chal-
lenges for researchers working to develop and study treatments
or to quantify patient outcomes. For a single center to collect
enough patients to make important inferences about effective
treatments for the disease is difficult. Disease-specific registries
are often collaborations across academic centers and do not
provide information about treatment patterns in the community.

The RISE registry is unique in its inclusion of US clinical rheumatol-
ogists. Participating practices account for an estimated 32% of
the clinical rheumatology workforce, and the registry brings the
added benefit that patients are not selected based on severity of
disease or having been seen at a tertiary care center, where many
of the most severe cases may receive care. We found that
between 0.2% and 1.8% of patients seen by nonacademic rheu-
matologists carried a diagnosis of sarcoidosis, and only 31 of
184 practices cared for >30 patients with the condition. Sarcoid-
osis is relatively rare, and collecting data is also difficult due to
the fact that patients may seek care from clinicians across many
different specialties, including neurology, dermatology, pulmonol-
ogy, and rheumatology. This study provides a deeper look into
the heterogeneity of this disease among patients seeking care
from rheumatologists.

Specific manifestations of sarcoidosis appear to be signifi-
cantly undercoded in rheumatology EHRs. Not surprisingly for
patients seen in rheumatology practices, we found that the most
commonly coded organ manifestations were musculoskeletal

Table 3. Medications prescribed by US rheumatologists for
patients with sarcoidosis*

Medications Total patients (n = 3,276)

None recorded 731 (22.3)
Glucocorticoids
Any prednisone or equivalent† 1,943 (59.3)
Glucocorticoid prolonged‡ 811 (24.7)
Glucocorticoid monotherapy 598 (18.2)

Conventional synthetic DMARDs
Methotrexate 986 (30.1)
Hydroxychloroquine 941 (28.7)
Azathioprine 297 (9.1)
Mycophenolate 187 (5.7)
Leflunomide 146 (4.5)
Sulfasalazine 52 (1.6)
Cyclosporine <10
Minocycline 36 (1.1)
Tacrolimus 24 (0.7)

Biologics, TNFi
Infliximab or infliximab biosimilars 219 (6.7)
Adalimumab 145 (4.4)
Etanercept 16 (0.5)
Certolizumab <10
Golimumab <10

Biologics, non-TNFi
Rituximab 17 (0.5)
Omalizumab <10
Abatacept <10
Other biologics§ <10

Targeted small molecules
Tofacitinib <10
Apremilast <10

* Values are the number (%). DMARDs = disease-modifying anti-
rheumatic drugs; TNFi = tumor necrosis factor inhibitors.
† Prednisone or equivalent included prednisone and other oral and
intravenous steroids.
‡ Prolonged glucocorticoid therapy was defined as ≥10 mg of pred-
nisone daily (or its equivalent) for ≥90 days.
§ Other biologics include belimumab, tocilizumab, anakinra, secuki-
numab, and ustekinumab.

Table 2. Frequency of ICD codes for specific clinical manifestations
among patients with sarcoidosis in the RISE registry*

Sarcoidosis clinical manifestation Total (n = 3,276)

Sarcoid, unspecified 1,671 (51.0)
Musculoskeletal 725 (22.1)
Pulmonary (n = 495) 532 (15.1)
Ocular 208 (6.3)
Renal 207 (6.3)
Neurologic 175 (5.3)
Skin 131 (4.0)
Cardiac 54 (1.6)
Lymph 23 (0.7)
RF positivity† 66 (8.9)
Anti-CCP positivity‡ 40 (5.0)

* Values are the number (%). International Classification of Diseases
(ICD) codes for sarcoidosis clinical manifestations are provided in
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24496/
abstract. Anti-CCP = anti–cyclic citrullinated peptide antibody;
RF = rheumatoid factor; RISE = Rheumatology Informatics System
for Effectiveness.
† Number of patients tested for RF = 745. Patients were categorized
as positive for RF at a level of ≥20 units/ml.
‡ Number of patients tested for anti-CCP = 795. Patients were cate-
gorized as positive for anti-CCP at a level of ≥20 units/ml.
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(22.1%), followed by pulmonary (15.1%). On the contrary, a
study of patients with sarcoidosis at a disease-specific clinic at
a large university medical center showed that the lung was
involved in 89%, followed by the skin (26%) and eyes (23%) (8).
Some of this difference could be accounted for by studying a
sample of patients who see rheumatologists, but in addition,
these differences may be a result of the methods used to extract
information about disease manifestations; in the current study,
we relied only on ICD codes to identify manifestations, whereas
prior cohort studies identified manifestations using radiographic
or pathologic reports (13,14). The validation of specific manifes-
tations is not possible when data are extracted from the EHR via
problem lists as opposed to detailed case abstraction forms. In
the future, using natural language processing approaches to
extract information from clinical notes may allow for more
detailed identification of specific disease manifestations at
scale (15,16).

Glucocorticoids are first-line therapy for sarcoidosis (17), and
accordingly, we found that more than half of the patients in this
study (59.3%) were treated with glucocorticoids. This finding is
similar to previous studies in which prednisone use was reported
in 55–65% of patients with sarcoidosis (6,18). These proportions
were significantly higher when compared to a recent study using
MarketScan data, which found that only 25.5% of patients with
sarcoidosis were prescribed prednisone during a single calendar
year, although the difference in follow-up time (1 year versus a
median of 2 years) may account for theses discrepancies (19).
We also found that 24.7% received prolonged glucocorticoids
(≥10 mg/day for ≥90 days). This finding is important because a
recent expert consensus guideline suggested that a maintenance
dose of >10 mg of daily prednisone equivalent was suboptimal
and associated with significant side effects (20). The finding that
one-fourth of patients exceed this dose for a prolonged period

highlights the need for additional and more effective therapies to
be developed in this disease.

A total of 12% of patients were prescribed at least 1 biologic
or tsDMARD at some point during the study period, presumably
to treat signs and symptoms related to their sarcoidosis, since
patients with other autoimmune conditions were excluded from
the study sample. Infliximab and adalimumab were the most
common biologic agents used, which is consistent with prior
studies (5), although their overall use was slightly more common
than previously reported in the US claims–based data analysis
(6), perhaps because patients had more musculoskeletal com-
plaints or because they were all seen by rheumatologists, who
were comfortable prescribing these drugs.

We observed meaningful variation in the use of biologics and
tsDMARDs across practices. For example, 19% of high-volume
practices prescribed infliximab as their only biologic for the treat-
ment of sarcoidosis, while nearly 10% of practices prescribed
exclusively non-TNFi biologics such as abatacept. Tofacitinib
was only prescribed in 2 practices. Interestingly, trials have shown
limited benefit of non-TNFi biologics for sarcoidosis (21–23), and
only a few case reports have examined tsDMARDs like tofacitinib
in patients with cutaneous sarcoidosis, with some improvement in
clinical and histologic remission in the skin disease (24–26). The
variation in medication use might partly be explained by patient
factors such as race, insurance status, specific manifestations,
or disease severity (27) but variation likely also reflects prescribing
preferences by clinicians (28). Large studies are clearly needed to
evaluate the efficacy and safety of these drugs in patients with
sarcoidosis (29).

Using the RISE registry provides a representative sample of
nonacademic rheumatology practices across the US and reports
on the largest sample of patients with sarcoidosis to date. Despite
the strengths of the current study, its limitations should be
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Figure 1. Proportion of patients with sarcoidosis prescribed a biologic or targeted synthetic disease-modifying antirheumatic drug by practice
(n = 31) in the Rheumatology Informatics System for Effectiveness registry. Each bar represents a different practice with at least 30 patients with
sarcoidosis. The figure shows that biologics use among these practices ranged from 15.6% to 69.2% of patients with sarcoidosis. TNFi = tumor
necrosis factor inhibitors.
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addressed. Patients included in this study sought consultation by
rheumatologists, and thus, the resulting sample still may not be
entirely reflective of the general population of patients with sar-
coidosis. Our research examined mainly nonacademic rheuma-
tology practices, so results may not apply to academic health
care settings. Although we attempted to be conservative in defin-
ing a diagnosis of sarcoidosis by excluding patients with other
autoimmune conditions, future work should focus on the valida-
tion of codes used to diagnose sarcoidosis and identify its
manifestations.

In summary, using data from the RISE registry, we performed
the largest study of patients with sarcoidosis to date. We found a
significant number of patients were receiving long-term glucocor-
ticoids and a clinically important fraction were receiving biologics.
With no FDA-approved drugs available for extrapulmonary sar-
coidosis, our findings highlight the need for a greater focus on
developing standardized treatments for patients with this disease.
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Prevalence of Early Knee Osteoarthritis Illness Among
Various Patient-Reported Classification Criteria After
Anterior Cruciate Ligament Reconstruction

Matthew S. Harkey,1 Shelby Baez,1 Jordan Lewis,1 Terry L. Grindstaff,2 Joseph Hart,3 Jeffrey B. Driban,4

Andrew Schorfhaar,1 and Christopher Kuenze1

Objective. To compare the prevalence of participants meeting different patient-reported criteria for early osteoarthritis
(OA) illness after anterior cruciate ligament reconstruction (ACLR).

Methods. Participants completed the Knee Injury and Osteoarthritis Outcomes Score (KOOS) at a single time point
5.0–7.9 months post-ACLR. We used established KOOS subscale criteria (i.e., Luyten original and Englund original) to
define patient-reported early OA illness. A two-by-two contingency table and McNemar’s test were used to compare
the prevalence of participants who met the Luyten original versus Englund original KOOS criteria for early OA illness.
These analyses were repeated using KOOS subscale thresholds based on established population-specific patient
acceptable symptom state (PASS) within the Luyten and Englund KOOS criteria (i.e., Luyten PASS and Englund PASS).

Results. A greater prevalence of participants with ACLR met the Luyten original criteria (n = 165 [54%]) compared
to those who met the Englund original criteria (n = 128 [42%]; χ2 = 19.3, P < 0.001]). When using the KOOS subscale
PASS as thresholds, a significantly greater prevalence of participants with ACLR met the Luyten PASS criteria
(n = 133 [43%]) compared to those who met the Englund PASS criteria (n = 85 [28%]; χ2 = 48.0, P < 0.001). When com-
bining the Luyten and Englund KOOS criteria and using the original/PASS subscale thresholds, respectively, 40%/57%
of participants met neither, 24%/15% met only 1, and 36%/28% met both KOOS criteria.

Conclusion. Regardless of the classification criteria used to define early OA illness, it is concerning that 28–54% of
patients report considerable symptoms ~6 months post-ACLR. Our findings will improve the classification criteria to
define early OA illness, which may raise awareness for the need of population-specific criteria.

INTRODUCTION

Anterior cruciate ligament (ACL) injury and reconstruction

(ACLR) occur most commonly in people between 16 and

24 years of age (1,2). ACL injury and the subsequent ACLR are

considered inciting events that increase a patient’s risk for knee

osteoarthritis (OA) (3). To help define knee OA, an Osteoarthritis

Research Society International expert working group provided

recommendations to the US Food and Drug Administration (4).

This expert working group suggested distinguishing OA as a dis-

order that manifests as: 1) a disease defined by structural

changes at a joint and 2) an illness characterized by patient-

reported symptoms (4). While this expert working group did not

specify which measures to use to define OA, they highlighted the

importance of understanding the progression of both OA disease

and illness (4). There is substantial evidence that 1 in 3 people will

develop radiographic OA disease within a decade post-ACLR (5).

When coupling this evidence with the common age of occurrence

of ACLR, this means that many young adults will develop OA as

early as age 26 to 34 years and then have to live over half their life

with significant disease (1,2,6). It is less clear how many people

develop early-onset OA illness following ACLR. However, based

on a recent national registry, 1 in 3 patients report unacceptable

knee-related symptoms (i.e., single-item patient acceptable

symptom state [PASS] question) 1 and 2 years post-ACLR (mean

� SD age 29.7 � 11.5 years) (7). Being able to reliably identify
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early OA illness may help clinicians develop targeted strategies to

reduce symptom burden and limit OA progression (2,8).
Current OA management focuses on the treatment of symp-

toms in people with established, radiographic disease rather than
interventions that slow OA progression in people with early OA ill-
ness (9). Early OA illness is operationally defined as people with
knee symptoms without radiographic disease who are at high risk
for developing established OA (4,8,10). While the field is in the
early phases of establishing the optimal approach to identifying
people with early knee OA, patient-reported outcome measures
are proposed outcomes in the assessment of early OA illness
(2,8). OA illness is easily detected in a clinical setting and often
precedes the development of radiographic OA disease (11,12).
Therefore, identifying people with early OA illness prior to irrevers-
ible joint damage will allow OA management to shift to a more

proactive approach that emphasizes targeting interventions to
patients who may be more amenable to treatment (2,8,9). The
Knee Injury and Osteoarthritis Outcome Score (KOOS) was devel-
oped to assess patients across the spectrum of OA, including
from post-injury to established knee OA (13). Despite the impor-
tance of symptoms in defining early knee OA illness, symptoms
experienced by patients over the first year post-ACLR are often
considered a normal consequence of surgery rather than chronic
symptoms that reflect early knee OA illness (14,15). Yet, there is evi-
dence from longitudinal studies post-ACLR that all KOOS subscale
scores remain steady from 6 to 12 months post-ACLR (mean age at
ACLR 25.8–28.0 years) (14,16). Additionally, KOOS subscale scores
at 1 year post-ACLR remain steady up to 5 and 10 years after surgery
(mean age at ACLR 24.0–25.3 years) (17,18). Therefore, a patient’s
status at 5–7 months post-ACLR may reflect potential long-term out-
comes rather than unresolved postsurgical symptoms.

Recently, multiple classification criteria have been developed
in multiple studies to define patient-reported OA illness using
thresholds for the KOOS subscales of symptoms, pain, quality
of life (QoL), function during activities of daily living (ADL), and
function during sport and recreation activities (sport) (Table 1)
(10,19). Englund et al defined a criterion for knee symptoms
(Englund original) that was considered significant enough to seek
medical attention based on thresholds of the KOOS subscales in
older individuals following meniscal tear (mean � SD age
54.3 � 11.9 years) (Table 1) (19). Subsequently, Luyten et al pro-
posed a classification criterion for defining early knee OA illness
(Luyten original) based on expert consensus using different
thresholds for the KOOS subscales and without a specific patient
population considered during development (Table 1) (10). Even
though these KOOS criteria were not developed for patients with
ACLR, the Luyten and Englund KOOS criteria have been applied
to patients with ACLR. Furthermore, these criteria are often inter-
preted to represent early OA illness among patients post-ACLR
(20–22). However, the differences in the subscale thresholds and
the number of subscales used to define each criterion indicate that
meeting the Luyten versus the Englund KOOS criteria may repre-
sent varying levels of symptom burden in patients post-ACLR
(Table 1).

Table 1. KOOS PASS and subscale thresholds for early knee OA illness criteria*

KOOS subscale threshold, Englund† KOOS subscale threshold, Luyten‡

KOOS subscale Original PASS§ Original PASS§

QoL 87.5 62.5 85.0 62.5
Pain 85.7 88.9 85.0 88.9
Symptoms 86.1 57.1 85.0 57.1
ADL 86.8 100.0 85.0 100.0
Sport and recreation 85.0 75.0 – –

* Values are the percent of participants. ADL = activities of daily living; KOOS = Knee Injury and Osteoarthritis Out-
come Score; OA = osteoarthritis; PASS = patient acceptable symptom state; QoL = quality of life.
† Englund early OA illness KOOS criterion included being below the quality-of-life subscale threshold and below 2 of
the other 4 KOOS subscale thresholds (ref. 19).
‡ Luyten early OA illness KOOS criterion included being below 2 of the 4 KOOS subscale thresholds (ref. 10).
§ Developed in individuals 1 to 5 years after a primary anterior cruciate ligament reconstruction (ref. 23).

SIGNIFICANCE & INNOVATIONS
• At 5–7 months post–anterior cruciate ligament

reconstruction (ACLR), 54% and 42%of people report
a level of self-reported disability that meets the Luy-
ten original and Englund original Knee Injury and
Osteoarthritis Outcomes Score (KOOS) criteria for
early knee osteoarthritis (OA) illness, respectively.

• After refining the Luyten and Englund KOOS criteria
by using post-ACLR specific patient acceptable
symptom state (PASS) as KOOS subscale thresholds,
43% and 28% of people, respectively, present with
self-reported early OA illness.

• By combining the Luyten original and Englund orig-
inal KOOS criteria into a single composite early knee
OA illness variable and using the original/PASS sub-
scale thresholds, respectively, we identified that
36%/28% of participants meet both, 24%/15% meet
1, and 40%/57% meet neither of the original/PASS
KOOS criteria.

• Regardless of the criteria or threshold, it is concern-
ing that at least 1 in 4 participants meet a patient-
reported definition of early knee OA illness at a time
when these patients post-ACLR are nearing a return
to unrestricted physical activity.
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When using these KOOS criteria, 21% of people at 5 years
post-ACLR met the Luyten original criteria for early knee OA ill-
ness (21) while 43% and 39% of people met the Englund original
criteria at 2 and 6 years post-ACLR (22), respectively. Addition-
ally, the prevalence of people meeting the Luyten original and
Englund original criteria for early OA illness from 5 to 7 months
post-ACLR is currently unknown. This time period post-ACLR is
clinically important because it is when many patients are engaging
with a health care professional to return to unrestricted activity
and could be screened for early knee OA illness.

The Luyten original and Englund original KOOS criteria repre-
sent a key step toward defining early knee OA illness; however,
the previous authors emphasized that the proposed classification
strategies are a starting point that needs further refinement (10).
One approach to refine these KOOS classification criteria to be
more applicable for detecting early knee OA illness in participants
post-ACLR is to set the KOOS subscale thresholds to previously
published PASS (23). Using the ACLR-specific PASS as KOOS
subscale thresholds in the early OA illness criteria (i.e., Luyten
PASS and Englund PASS) may represent a more patient
population–specific approach for defining meaningful OA-related
symptoms in patients post-ACLR, because these subscale
thresholds indicate clinically significant symptoms specifically for
patients with ACLR (23).

Therefore, the purpose of the present study was to compare
the prevalence of participants at 5 to 7 months post-ACLR who
meet the Luyten original and Englund original KOOS criteria for
early OA illness. We hypothesized that a greater prevalence of
participants would meet the Luyten original compared to the Eng-
lund original KOOS criteria for early OA illness. Additionally, we
also refined the early OA illness criteria by repeating these analy-
ses with the updated Luyten PASS and Englund PASS KOOS cri-
teria that use previously established PASS for each KOOS
subscale in people post-ACLR. We hypothesized that a smaller
proportion of participants would meet the Luyten PASS and Eng-
lund PASS KOOS criteria than the original criteria because we are
using a more patient population–specific approach for defining
early knee OA illness. This was a necessary next step to refine
the previously recommended KOOS criteria to highlight the utility
of these patient-reported outcomes criteria for identifying those
with early knee OA illness in a group of participants at increased
risk for being diagnosed with knee OA. Identifying people with
early knee OA illness following ACLR would provide clinicians
and researchers a strategy for targeting patients who may need
further care (e.g., self-management guidance, education, addi-
tional therapeutic exercise) while they are still engaged in the
health care system.

MATERIALS AND METHODS

Study design. This was a secondary analysis of patient-
reported outcomes collected for ongoing research at Michigan

State University (n = 123), the University of Virginia (n = 55), and
Creighton University (n = 128). These analyses rely on cross-
sectional data from a single visit in ongoing larger observational
studies at each site, which relied on similar eligibility criteria.

Participants. We included participants between 13 and
35 years of age who underwent a primary, unilateral ACLR 5.0
to 7.9 months prior to study enrollment. We selected 5 to
7 months post-ACLR because this is an important period when
patients are in the terminal phases of rehabilitation, cleared for
unrestricted physical activity, and when KOOS scores have
potentially stabilized (14,16,24). Participants were excluded if they
had a multiligament reconstruction or a neurologic, cardiovascu-
lar, or other medical condition that prevented safe study participa-
tion in the ongoing larger studies at each site that included
biomechanics and strength testing. Participants 18 years of age
or older (≥19 years of age at the Creighton University site) pro-
vided informed written consent, while participants <18 years of
age (<19 years of age at the Creighton University site) provided
informed written assent and a legal guardian’s written consent.
All experimental procedures were approved by each institution’s
institutional review board.

KOOS. The KOOS questionnaire was developed for patients
across the spectrum of OA (e.g., from post-injury to established
knee OA) and has been used in men and women ranging from
14 to 79 years of age with varying knee pathologies (13). Partici-
pants completed the KOOS questionnaire to evaluate the following
5 subscales: symptoms, pain, QoL, ADL, and sport (13). The sub-
scales have multiple 5-point Likert scale questions with responses
ranging from 0 (i.e., no dysfunction) to 4 (i.e., worst dysfunction).
Each subscale was converted to a score from 0 to 100, with
100 indicating no patient-reported disability (25,26). A PASS
threshold for each KOOS subscale has previously been established
in participants post-ACLR: symptoms >57.1%, pain >88.9%,
QoL >62.5, ADL >100.0%, and sports >75.0 (Table 1) (23).
These KOOS subscale PASS thresholds were developed in
people who were at the 1 to 5 year time point after a primary
ACLR, using a receiver operator curve analysis to identify partic-
ipants that answered yes to the following question: “Taking into
account all the activity you have during your daily life, your level
of pain, and also your activity limitations and participation
restrictions, do you consider the current state of your knee
satisfactory?” (23).

Luyten original KOOS criterion for defining early
knee OA illness. The Luyten original KOOS criterion operation-
ally defines a participant as having early knee OA illness if they
score ≤85% on at least 2 of the following 4 KOOS subscales:
symptoms, pain, QoL, or ADL (Table 1) (10). The Luyten original
KOOS criterion omits the KOOS sport subscale in the early OA
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illness definition and has been used to define early knee OA illness
in a previous study of people post-ACLR (21).

Englund original KOOS criterion for defining early
knee OA illness. Englund et al defined the level of self-reported
knee symptoms that were considered significant enough to seek
medical attention in people following meniscal injury based on
the KOOS (19). The Englund original KOOS criterion operationally
defines a participant as having significant knee symptoms if they
meet the KOOS subscale threshold of QoL ≤87.5% and 2 of the
4 following thresholds: symptoms ≤85.7%, pain ≤86.1%, ADL
≤86.8%, or sport ≤85.0% (Table 1) (8). These Englund KOOS
subscale thresholds represent the score of a subscale if partici-
pants report a 1 on a scale of 0–4 for at least 50% of the questions
per subscale. For example, if a participant responded 0 out of 4, 0
out of 4, 1 out of 4, and 1 out of 4 for the 4 KOOS QoL questions,
their KOOS QoL subscale score would be 87.5%. This criterion
was initially introduced in a study of participants following menis-
cal injury but has also been used to define significant knee symp-
toms in studies of people post-ACLR (20,22).

Using the KOOS PASS to update the subscale thresh-
olds. In addition to using the previously defined KOOS subscale
thresholds for the Luyten and Englund KOOS criteria, we also
separated our cohort by the Luyten PASS and Englund PASS
KOOS criteria using KOOS subscale thresholds based on previ-
ously established PASS in participants post-ACLR (Table 1) (23).
Using the Luyten PASS and Englund PASS criteria allowed us to
couple the KOOS criteria logic created by the previous authors
with patient population–specific KOOS subscale thresholds that
reflected meaningful symptoms post-ACLR.

Statistical analysis. A two-by-two contingency table was
created to determine how many people met none, only 1, or both
the Luyten original and Englund original KOOS criteria. A McNe-
mar’s test was then used to compare the prevalence of partici-
pants who met the Luyten original versus the Englund original
KOOS criteria. Mean values and SDs for continuous variables or
frequencies and percentages for categorical variables were calcu-
lated for the demographic, injury, or KOOS subscales for partici-
pants who met: 1) neither the Luyten original nor the Englund
original KOOS criteria, 2) 1 of either the Luyten original or Englund

original KOOS criteria, or 3) both the Luyten original and Englund
original KOOS criteria. These analyses were repeated to compare
the prevalence of participants who met the Luyten PASS and Eng-
lund PASS KOOS criteria, which utilizes the PASS as the threshold
for each of the KOOS subscales. Because time since ACLR may
influence patient-reported outcomes, we performed a post hoc
stratified analysis that repeated the analyses in participants who
were at the 5-month time point post-ACLR (n = 109), as well as
in participants who were at the 6- or 7-month time point post-
ACLR (n = 197). We combined participants at 6 and 7 months
post-ACLR due to smaller sample size of participants at 7 months
post-ACLR (n = 41).We used SAS version 9.4 for all statistical anal-
yses and set the alpha level a priori at P < 0.05.

RESULTS

The prevalence of participants who had undergone ACLR
who met the Luyten original KOOS criteria of early knee OA illness
(n = 165 [54%]) was significantly greater (χ2 = 19.3, P < 0.0001)
than those who met the Englund original KOOS criteria (n = 128
[42%]) (Table 2). Across both original KOOS criteria, 40% of par-
ticipants met neither the Luyten original nor the Englund original
KOOS criteria, 24% met only 1 of the Luyten original or Englund
original KOOS criteria, and 36% met both the Luyten original
and the Englund original KOOS criteria (Table 2). Participant
demographic characteristics for each of these groups are in
Table 3.

When using the KOOS subscale PASS as the criteria thresh-
olds, the prevalence of participants post-ACLR who met the Luy-
ten PASS KOOS criteria (n = 133 [43%]) was significantly greater
(χ2 = 48.0, P < 0.001) than those who met the Englund PASS
KOOS criteria (n = 85 [28%]) (Table 4). Across both PASS KOOS
criteria, 57% of participants met neither the Luyten PASS nor the
Englund PASS KOOS criteria, 16% met only 1 of the Luyten
PASS or Englund PASS KOOS criteria, and 28% met both the
Luyten PASS and Englund PASS KOOS criteria (Table 4). Thirty-
five percent of participants were classified differently between
the PASS KOOS criteria that use the patient population–specific
KOOS subscale thresholds and the original KOOS criteria sub-
scale thresholds (see Supplementary Table 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24809/abstract). Since both the Luyten

Table 2. Prevalence of the Luyten original and Englund original KOOS criteria for early knee
OA illness in participants post-ACLR*

Englund original KOOS criteria

No early OA illness Early OA illness Total

Luyten original KOOS criteria
No early OA illness 124 (40) 17 (6) 141 (46)
Early OA illness 54 (18) 111 (36) 165 (54)
Total 178 (58) 128 (42) 306 (100)

* Values are the number (%). ACLR = anterior cruciate ligament reconstruction (see Table 1
for other definitions).
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PASS and Englund PASS KOOS criteria are using the same
KOOS subscale thresholds, it is impossible for a participant to
meet the Englund PASS criteria but not the Luyten PASS KOOS
criteria; therefore, we omitted this column in Table 4. Table 5 pro-
vides the demographic characteristics and KOOS subscale
scores across the groups that met neither, 1, or both the Luyten
PASS and Englund PASS KOOS criteria. In the post hoc stratified
analysis that separated the group by time since ACLR, the preva-
lence of participants meeting the different KOOS classification cri-
teria was similar between a group of participants at 5 months
post-ACLR (n = 109) compared to participants at 6 or 7 months
post-ACLR (n = 197) (see Supplementary Table 2, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24809/abstract).

DISCUSSION

This study highlights that 54% and 42% of participants at 5–7
months post-ACLR met the previously established Luyten original
or Englund original KOOS criteria for early knee OA illness,

respectively. Our results also highlight the discrepancy between
the Luyten original and the Englund original KOOS criteria when
classifying people with early knee OA illness, as 24% of the cohort
met either the Luyten original or Englund original criteria but not
both (Table 2; met Luyten/did not meet Englund criteria = 18%,
did not meet Luyten/met Englund criteria = 6%); however, when
we adopted ACLR-specific KOOS subscale PASS thresholds for
the Luyten PASS and Englund PASS KOOS criteria, we found that
43% and 28% of participants, respectively, met the criteria for early
knee OA illness. Using the ACLR-specific PASS as KOOS subscale
thresholds may represent a more patient population–specific
approach for defining meaningful OA-related symptoms in patients
post-ACLR because these subscale thresholds indicate clinically
significant symptoms specifically for patients with this pathology
(23). Regardless of the criteria or threshold, it is concerning that
28% to 54% of participants met these criteria for early knee OA ill-
ness at 5 to 7 months post-ACLR.

While the Luyten and Englund KOOS criteria represent simi-
lar constructs that use OA-related symptoms across multiple

Table 3. Demographic characteristics across each combination of meeting the Luyten original and Englund original KOOS criteria for early OA
illness*

Demographic characteristics
Overall
cohort

Did not meet Luyten
or Englund criteria

Met Luyten/did not meet
Englund criteria;

Did not meet Luyten/met
Englund criteria

Met Luyten and
Englund criteria

No. of participants 306 124 71 111
Female, no. (%) 162 (53) 68 (55) 56 (50) 56 (50)
Age, years 20.0 � 4.9 18.7 � 3.8 19.3 � 4.5 21.8 � 5.6
BMI (kg/m2) 24.9 � 4.5 24.6 � 4.1 24.2 � 4.5 25.7 � 4.9
Time post-ACLR, months 6.2 � 0.6 6.2 � 0.7 6.3 � 0.6 6.1 � 0.6
Preinjury Tegner score (range 0–10),
median (IQR)†

9 (7–9) 9 (8–10) 9 (7–10) 9 (7–9)

IKDC (range 0–100) 81.7 � 11.7 88.6 � 7.6 83.3 � 8.8 72.9 � 11.4
KOOS subscales (range 0–100)‡
QoL 66.2 � 19.2 77.4 � 17.2 66.5 � 15.1 53.7 � 15.7
Pain 92.1 � 8.4 96.4 � 4.4 94.3 � 5.7 85.8 � 9.5
Symptoms 77.6 � 15.4 89.6 � 11.3 71.4 � 11.2 68.1 � 12.6
ADL 97.5 � 6.6 99.5 � 1.1 98.6 � 2.9 94.4 � 9.8
Sport 83.3 � 15.0 91.0 � 9.0 89.9 � 10.3 70.6 � 14.4

* Values are the mean � SD unless indicated otherwise. ACLR = anterior cruciate ligament reconstruction; BMI = body mass index;
IKDC = International Knee Documentation Committee Subjective Knee Form (lower score indicates worse function); IQR = interquartile range
(see Table 1 for other definitions).
† Based on the Tegner Activity Scale, which includes a one-item score, grading based on work and sports activities.
‡ For the Knee Osteoarthritis Outcome Score (KOOS), lower score indicates worse outcome.

Table 4. Prevalence of the Luyten and Englund PASS KOOS criteria for early knee OA
illness in participants post-ACLR using PASS as thresholds for each KOOS subscale*

Englund PASS KOOS criteria

No early OA illness Early OA illness Total

Luyten PASS KOOS criteria
No early OA illness 173 (57) 0 (0) 173 (57)
Early OA illness 48 (15) 85 (28) 133 (43)
Total 221 (72) 85 (28) 306

* Values are the number (%) of participants. ACLR = anterior cruciate ligament recon-
struction; KOOS = Knee Injury and Osteoarthritis Outcome Score; OA = osteoarthritis;
PASS = patient acceptable symptom state.
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KOOS subscales, the present study highlights the difference
between the 2 criteria in categorizing people as having early knee
OA illness post-ACLR (Table 2). This difference occurs because
the Englund KOOS criteria require the KOOS QoL subscale and
2 other KOOS subscales to meet respective thresholds (19), while
the Luyten KOOS criteria only require any 2 KOOS subscales to
be below their threshold (10). Due to the discrepancy between
the Luyten and Englund original KOOS criteria highlighted in
Table 2, we proposed an exploratory approach to identify the
patients with the most concerning symptoms by creating a single
variable to define early knee OA illness. In order to do so, we sep-
arated people into the following 3 groups based on the original
and PASS KOOS criteria: 1) no early knee OA illness (does not
meet either the Luyten or Englund criteria), 2) possible early knee
OA illness (meets only 1 of the Luyten or Englund criteria), and 3)
probable early knee OA illness (meets both Luyten and Englund
criteria).

When combining the Luyten original and Englund original
KOOS criteria, 40%, 24%, and 36% of participants met the defini-
tion of no, possible, and probable early knee OA illness, respec-
tively (Table 2). When combining the Luyten PASS and Englund
PASS KOOS criteria, 28%, 15%, and 57% of participants met
the definition of no, possible, and probable early knee OA illness,
respectively (Table 4). Tables 3 and 5 highlight the demographic
characteristics for participants who were considered to have no,
possible, and probable OA-related symptoms using the original
and PASS KOOS criteria, respectively. Participants who were
considered to have probable early knee OA illness were similar
to the other 2 groups in sex, body mass index, time post-ACLR,
and preinjury physical activity, but were on average 2–3 years of

age older (Tables 3 and 5). We propose that this novel composite
variable offers a tiered approach to define early knee OA illness,
which will allow future researchers to easily identify people with
probable OA-related symptoms based on various combinations
of subthreshold KOOS subscales. Interestingly, the percentage
of participants from this study who fit into the probable early knee
OA illness category using the original KOOS criteria (36%) is simi-
lar to the prevalence of magnetic resonance imaging evidence of
early knee OA at 1 year post-ACLR (31%) (27), radiographic knee
OA at 10 years post-ACLR (36%) (5), and unacceptable symp-
toms at 1, 2, and 6 years post-ACLR (33–43%) (7,22). An impor-
tant next step will be to determine if the presence of probable
early knee OA illness is associated with a greater risk of develop-
ing incident OA–related structural pathology.

This analysis also identified 24 participants (15%) who pre-
sented with possible early knee OA illness using the original/PASS
KOOS classification criteria (i.e., meeting only 1 the Luyten or
Englund KOOS criteria) (Table 2). This finding indicates that par-
ticipants may be differentially classified as having OA-related
symptoms that is solely dependent on which method the investi-
gators selected to define early knee OA illness. Therefore, people
with possible knee OA illness may be missed if researchers or cli-
nicians opt to define OA-related symptoms using the Luyten orig-
inal versus the Englund original KOOS criteria (and vice versa).
Even though these individuals with possible early knee OA illness
may not have the same magnitude of symptoms as those with
probable early knee OA illness, they still meet an established crite-
rion for defining OA-related symptoms at 5 to 7 months post-
ACLR. These individuals with possible early knee OA illness may
represent a clinically relevant group who present with an earlier

Table 5. Demographic characteristics across each combination of meeting the Luyten PASS and Englund PASS KOOS
criteria for early OA illness*

PASS KOOS criteria

Characteristics
Did not Luyten or
Englund criteria

Met Luyten, did not meet
Englund criteria

Met Luyten and
Englund criteria

No. of participants 173 48 85
Female sex, no. (%) 94 (54) 24 (50) 44 (52)
Age, years 19.1 � 4.4 19.8 � 4.5 21.8 � 5.5
BMI (kg/m2) 24.7 � 4.5 25.2 � 4.5 25.3 � 4.6
Time post-ACLR, months 6.2 � 0.7 6.2 � 0.6 6.1 � 0.6
Preinjury Tegner (range 0–10),
median (IQR)†

9 (8–10) 8.5 (7–9) 9 (7–9)

IKDC (range 0–100) 87.4 � 8.1 80.7 � 7.7 70.5 � 11.6
KOOS subscales (range 0–100)‡
QoL 75.8 � 16.1 62.7 � 15.0 48.8 � 13.3
Pain 96.6 � 3.4 90.6 � 7.4 83.8 � 9.5
Symptoms 82.3 � 13.9 74.9 � 15.1 69.4 � 14.9
ADL 99.6 � 1.5 95.8 � 13.0 94.1 � 5.9
Sport 90.1 � 9.6 86.4 � 11.0 67.9 � 14.8

* Values are themean � SD unless indicated otherwise. ACLR = anterior cruciate ligament reconstruction; ADL = activities of
daily living; BMI = body mass index; IKDC = International Knee Documentation Committee Subjective Knee Form (lower
score indicates worse function); IQR = interquartile range; QoL = quality of life.
† Based on the Tegner Activity Scale, which includes a one-item score, grading based on work and sports activities.
‡ For the Knee Osteoarthritis Outcome Score (KOOS), lower score indicates worse outcome.
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stage of OA illness that may be ideal for interventions prior to the
development of more symptomatic disability. Identifying patients
with probable knee OA illness may represent a conservative way
to target those in most need of intervention but identifying people
with possible knee OA illness may ensure that we capture all indi-
viduals with relevant symptoms while they are still engaging with
the health care system. Due to the cross-sectional nature of the
present study, it is unclear whether participants with possible
early knee OA illness were on a trajectory of symptom improve-
ment or a trajectory leading to developing probable early knee
OA illness or clinical diagnosis of knee OA.

The creators of the Luyten original and Englund original
KOOS criteria emphasize that their proposed classification strate-
gies for defining early knee OA are starting points that need further
refinement (10). One way to refine the proposed classification
strategies is to update the KOOS subscale thresholds to be more
specific to various patient populations. The Englund original
KOOS criteria was created in patients following meniscal tear
who were an average of 54 years of age (19). The Luyten original
KOOS criteria was created by an international expert working
group and did not justify why ≤85%was selected as the threshold
for all KOOS subscales (10). Our study refined these definitions of
early knee OA illness for people post-ACLR by creating the Luyten
PASS and Englund PASS KOOS criteria, adjusting the KOOS
subscale thresholds to match their respective PASS using values
from a prior study of patients post-ACLR (23).

This approach allowed us to pair the KOOS criteria logic cre-
ated by the previous authors with patient population–specific
KOOS subscale thresholds that reflect meaningful symptoms
post-ACLR. A lower prevalence of definite and probable early
knee OA illness when using the PASS KOOS criteria (28% and
15%) compared to the prevalence using the original KOOS criteria
(36% and 24%; Table 2), respectively, is shown in Table 4. Addi-
tionally, 35% of people were classified differently between the
original KOOS criteria and our refined PASS KOOS criteria (see
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24809/
abstract). Specifically, 22% of participants characterized as hav-
ing possible/probable early knee OA illness with the original
KOOS criteria were characterized as having no early knee OA ill-
ness when using the PASS KOOS criteria. Thus, updating the
KOOS subscale thresholds to post-ACLR PASS scores for the
Luyten PASS and Englund PASS KOOS criteria may offer a more
patient population–specific method for defining early knee OA ill-
ness in people post-ACLR.

While the present study provides important information to
refine and highlight the prevalence of early knee OA illness in peo-
ple post-ACLR, there are some limitations. The cross-sectional
design of this study only allowed us to highlight cross-sectional
differences in the prevalence of these different early knee OA ill-
ness definitions at an average of 6 months post-ACLR; we were
unable to definitively state whether participants reached a stable

symptom state. Additionally, we were unable to confirm where
the participants were in their rehabilitation plan or if they were
cleared for unrestricted physical activity. However, our post hoc
stratified analysis highlights that a similar proportion of partici-
pants met the various early OA classification criteria at 5 and 6 or
7 months post-ACLR (see Supplementary Table 2, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24809/abstract).
Future longitudinal studies need to determine if meeting a symp-
tom criterion for early OA illness criteria at 5–7 months post-ACLR
represents a risk factor for future clinical or structural knee OA
progression or whether these symptoms represent ongoing
recovery from ACLR. Since the present study utilized multiple dif-
ferent variations of the Englund and Luyten early OA illness cri-
teria, future studies need to determine if the original KOOS
subscales or the patient population–specific PASS subscales
have a greater prognostic potential for predicting OA progression.

The clinical utility of the present study is that once we estab-
lish which method of defining early knee OA illness is most prog-
nostic of future OA progression, we will be able to detect the
people at greatest risk and selectively target interventions that
prevent or slow the progression of OA. Additionally, once there
is an accepted definition of early knee OA illness for people post-
ACLR, future work in larger cohorts may benefit from determining
if sex, age, and other factors are risk factors for early knee OA ill-
ness after ACLR. Our study focused on defining early knee OA ill-
ness based solely on patient-reported outcome measures, as this
method represents a cost-efficient, clinically relevant option for
defining early OA–related symptoms, which may be a precursor
to a clinical diagnosis of knee OA. However, OA is a multifactorial
disorder that manifests as the patient’s experiences living with OA
(i.e., OA illness) and structural changes occurring within the joint
(i.e., OA disease) (4). Therefore, using other criteria, like clinical
and imaging examinations, may be needed to specifically identify
people presenting with both the illness and disease components
of early knee OA (2,8,10). Since the current study did not include
an imaging examination, we cannot confirm whether or not partic-
ipants had radiographic evidence of knee OA. However, due to
the relatively young age and the relatively short time period follow-
ing surgery (5 to 7 months post-ACLR), the majority of partici-
pants likely do not have radiographic knee OA. Furthermore, our
focus was the manifestation of early knee OA illness after an
ACLR, which is focused on a patient’s perception.

The present study highlights the prevalence and various
refinements of criteria used to define early knee OA illness post-
ACLR. At 5 to 7 months post-ACLR, 54% and 42% of people
meet the Luyten original and Englund original KOOS criteria,
respectively, which indicates a level of self-reported disability that
may reflect early knee OA illness. We created a novel strategy for
defining patient-reported early knee OA illness by combining the
Luyten and Englund KOOS criteria into a single composite vari-
able to identify that 36% and 28% of participants present with
probable (i.e., meeting both criteria) and early knee OA illness
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based on the original and PASS KOOS subscales, respectively.
Using the Luyten PASS and Englund PASS KOOS criteria, which
use ACLR-specific PASS as the KOOS subscale thresholds, offer
a more patient population-specific method for defining early knee
OA illness post-ACLR. Regardless of the early knee OA illness
definition used, it is concerning that 28–54% of patients are
reporting considerable symptoms at 5 to 7 months post-ACLR.
Therefore, we need to pay more attention to these patient-
reported outcomes during this critical time after an ACLR and try
to address these outcomes or teach patients what to do if these
symptoms persist. This study represents an important step to
better define the criteria to define early OA illness, which may raise
awareness for research and clinicians to screen for these people
and to develop treatment strategies specific for this patient
population.
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Association of Quadriceps Strength Symmetry and Surgical
Status With Clinical Osteoarthritis Five Years After Anterior
Cruciate Ligament Rupture

Elanna K. Arhos,1 Louise M. Thoma,2 Hege Grindem,3 David Logerstedt,4 May Arna Risberg,5

and Lynn Snyder-Mackler1

Objective. The objective of this study was to examine the association of quadriceps strength symmetry and surgi-
cal status (anterior cruciate ligament [ACL] reconstruction or nonoperative management) with early clinical knee oste-
oarthritis (OA) 5 years after ACL injury or reconstruction.

Methods. In total, 204 of 300 athletes were analyzed 5 years after ACL injury or reconstruction. Quadriceps
strength was measured and reported as a limb symmetry index. We identified participants with early clinical knee OA
using the criteria that 2 of 4 Knee Injury and Osteoarthritis Outcome Score (KOOS) subscales score ≤85%. We calcu-
lated odds ratios (ORs) and 95% confidence intervals (95% CIs) using logistic regression and adjusted for age, sex,
meniscal injury, and body mass index to examine the associations of quadriceps strength and surgical status with clin-
ical knee OA.

Results. In all, 21% of participants met the KOOS criteria for clinical knee OA. For every 1% increase in quadriceps
limb symmetry index, there was a 4% lower odds of clinical OA (adjusted OR [ORadj] 0.96 [95% CI 0.93–0.99]) at
5 years. Surgical status was not associated with clinical knee OA (ORadj 0.58 [95% CI 0.23–1.50]).

Conclusion. More symmetric quadriceps strength, but not surgical status, 5 years after ACL injury or reconstruc-
tion was associated with lower odds of clinical knee OA.

INTRODUCTION

After anterior cruciate ligament (ACL) rupture, the chances of
developing knee osteoarthritis (OA) increase rapidly. Patients after
ACL rupture have a 60–90% chance of developing knee OA, with
~50% of individuals developing OA within 5–10 years of ACL
reconstruction (ACLR) (1,2). Posttraumatic knee OA (PTOA),
which may develop after a joint injury, has devastating effects,
including lower participation in activity, more pain, and worse
self-reported quality of life compared to non-injured individuals
(3). Strategies are needed to identify individuals after ACL rupture
who would benefit from targeted intervention to mitigate the dis-
ease process before symptoms and joint damage occur.

OA is traditionally diagnosed radiographically by the pres-
ence of osteophytes and the loss of joint space, but we know
that the OA disease starts early, long before it is visible on

radiographs (4). Secondary prevention (i.e., implementing inter-
ventions after the initiating trauma has occurred) may be the most
ideal time to intervene clinically. However, we lack targets for inter-
vention at this level. Secondary prevention depends on the detec-
tion and treatment of risk factors for development and
progression of OA. The ability to clinically detect early OA prior to
widespread joint damage would allow for early clinical intervention
and education after ACL rupture. Identifying modifiable risk fac-
tors for posttraumatic OA, such as muscle weakness, where we
can clinically intervene at an earlier time point may delay OA
progression.

Previously identified modifiable factors associated with early
development of PTOA after ACL rupture and reconstruction
include asymmetric knee walking mechanics, poor functional per-
formance, and changes in knee joint loading (5–8). Although
quadriceps weakness has not been directly implicated in the
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development of PTOA after ACL rupture, loss of quadriceps
strength over time is associated with symptomatic knee OA long
term (9). Furthermore, quadriceps weakness has been shown to
be associated with an increased risk of developing knee OA (10).
Patients with quadriceps weakness also show movement asym-
metries at the knee joint and poor functional performance and
patient-reported outcomes (11). Quadriceps weakness contrib-
utes to altered walking mechanics early after ACLR (12). Similarly,
quadriceps weakness is associated with radiographic knee OA
and lower patient-reported outcomes early after ACLR (13). After
meniscectomy, weaker quadriceps are associated with more
severe radiographic OA changes of the operated and contralat-
eral knee at the 11-year follow-up visit (14).

Quadriceps strength is a critical objective measurement
used to make clinical decisions throughout rehabilitation (15,16).
Limb symmetry indexes are often used to express quadriceps
strength and are calculated as the involved limb’s strength value
as a percentage of the uninvolved limb value. For safe return to
sport and prior activity level, quadriceps strength symmetry is
highly recommended to be >90% (17). Similarly, individuals
who present with minimal strength deficits (quadriceps strength
symmetry >90%) at the time of return to sport perform similarly
functionally compared to uninjured individuals (18). Quadriceps
strength may therefore be an important modifiable component
of a clinical evaluation to identify individuals at risk for
developing PTOA.

Recent criteria, proposed by Luyten et al (19) after an interna-
tional workshop and consensus process, were developed to
classify early-stage OA in a primary care setting. Development of
consensus classification criteria is an important step toward
detecting early knee OA; however, the validity, sensitivity, and
responsiveness of these criteria are not yet known. The classifica-
tion criteria included scores from 2 of the 4 Knee Injury and Oste-
oarthritis Outcome Score (KOOS) subscales and a clinical
examination of joint line tenderness and crepitus in those with no
radiographic OA (i.e., Kellgren/Lawrence grade of 0–1). As a first
step toward classifying presence of clinical knee OA, the KOOS
component of the Luyten et al (19) criteria may offer a strategy to
monitor patient symptoms remotely, with no procedures such as

an office visit or imaging required. These clinical criteria have the
potential to be used to identify individuals who may be candidates
for secondary prevention strategies during rehabilitation after ACL
injury, as well as during postoperative rehabilitation, and may
bridge the gap between primary and tertiary levels of prevention.

The purpose of this study was to examine the association of
quadriceps strength with presence of early clinical knee OA
5 years after ACL rupture. We hypothesized that more symmetric
quadriceps strength would be associated with lower odds of clin-
ical knee OA. Secondarily, we hypothesized that surgical status
was not associated with clinical knee OA.

PATIENTS AND METHODS

This was a secondary analysis of prospectively collected
data from an international cohort study through the University of
Delaware (Newark, Delaware) and the Oslo University Hospital
(Oslo, Norway). The University of Delaware Institutional Review
Board and the Regional Committee for Medical Research Ethics
of South-Eastern Norway approved this study. All participants
provided written informed consent prior to inclusion.

Only participants between 13 and 60 years old who were reg-
ularly (>50 hours per year) involved in level I (e.g., soccer, basket-
ball) or II (e.g., racket sports, baseball) sports (20) at the time of
ACL rupture were eligible. Participants were excluded if they had
a concomitant grade III ligamentous injury, articular cartilage lesions
of >1 cm2, bilateral lower extremity injury (e.g., contralateral liga-
mentous injury), or an obviously repairable meniscal tear. ACL rup-
tures were confirmed with magnetic resonance imaging and a
side-to-side difference of ≥3 mm measured with a KT-1000 arth-
rometer (MEDmetric). The cohort included those who elected either
ACLR or rehabilitation alone as management after ACL injury. This
decision was made via a shared decision-making process during
a period in which the participant performed a prehabilitation pro-
gram (21). Those who selected ACL reconstruction had a bone–
patellar tendon–bone autograft, single-bundle hamstring auto-
graft, or double-bundle hamstring autograft. For this analysis,
we included 204 of 300 individuals who returned for their
5-year follow-up data collection and had complete data
sets, including KOOS score and bilateral quadriceps strength
measures at 5 years (Figure 1).

Quadriceps femoris muscle strength testing.
Quadriceps femoris muscle strength was measured using a
Kin-Com electromechanical dynamometer (DJO Global; Biodex)
during a maximal voluntary isometric contraction knee extension
test in Delaware. Participants were seated with their knees and
hips flexed to 90 degrees. The dynamometer’s axis of rotation
was aligned with the axis of rotation of the knee, and the leg was
strapped in at the pelvis, thigh, and shank during testing to mini-
mize accessory motion. Each participant completed 3 submaximal
practice trials and then 3 maximal effort trials for the uninvolved

SIGNIFICANCE & INNOVATIONS
• More symmetric quadriceps strength, but not man-

agement (anterior cruciate ligament [ACL] recon-
struction or rehabilitation alone), 5 years after ACL
rupture was associated with lower odds of early
clinical knee osteoarthritis (OA).

• Our results provide a potential target (i.e., quadriceps
strength symmetry) for secondary OA prevention
programs after ACL rupture, allowing clinicians the
possibility of intervening with quadriceps strengthen-
ing to potentially delay symptomatic knee OA.
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limb, followed by the involved limb. In Oslo, Norway, quadriceps
strength was measured with a Biodex 6000 isokinetic dynamome-
ter (Biodex Medical Systems). Participants performed 4 submaxi-
mal practice trials, a 1-minute rest, and then 5 recorded maximal
effort repetitions for the uninvolved limb, followed by the involved

limb. For the purposes of this study, we defined strength as sym-
metric peak strength values between limbs. Quadriceps strength
was reported as a limb symmetry index (LSI), which was
calculated as the involved limb maximum torque divided by the
uninvolved limb maximum torque expressed as a percentage.

Baseline test 
n = 300 

5-week prehab program 
n = 300 

Lost to 5-year 
follow-up 
n = 63 

Subject declined, 
n = 10 
Unable to contact, 
n = 51 
Medical (not knee 
related), n = 2 5-year follow-up

n = 237 

5-year follow-up 
nonoperative

n = 55 

5-year follow-up 
ACLR

n = 149 

Missing 5-year data 
for analysis 
n=33

No KOOS, n = 3 
No quadriceps 
strength, n = 30 

ACL-injured participants included in 
the Delaware-Oslo ACL Cohort 

Study 

Figure 1. Delaware–Oslo Anterior Cruciate Ligament (ACL) cohort study consort diagram. ACLR = ACL reconstruction; KOOS = Knee Injury
and Osteoarthritis Outcome Score.

Table 1. Participant demographic characteristics*

Characteristic
Total sample
(n = 204)

Early OA
(n = 41)†

Without early OA
(n = 163)

Time since screening, years 5.5 � 0.5 5.7 � 0.6 5.5 � 0.5
Age, years 32.7 � 10.0 32.4 � 9.8 32.6 � 10.1
Female, no. (%) 96 (47) 21 (51) 76 (47)
BMI, kg/m2‡ 25.4 � 4.0 25.5 � 4.6 25.5 � 3.8
Graft type, no. (%)§
Nonoperative 55 (27) 8 (19) 47 (29)
Allograft 41 (20) 11 (27) 30 (19)
BPTB 30 (15) 6 (15) 24 (15)
Hamstrings 76 (38) 16 (39) 60 (37)

Operative status, no. (%)
ACLR 149 (73) 33 (80) 116 (71)
Nonoperative rehabilitation 55 (27) 8 (20) 47 (29)

Quadriceps strength LSI, % 97.3 � 15.1 91.9 � 15.1 97.8 � 14.8
KOOS
Pain 93.8 � 9.3 81.5 � 11.9 97.06 � 4.8
Symptoms 89.8 � 12.6 70.8 � 14.1 94.5 � 5.9
ADL 97.6 � 6.2 91.6 � 11.4 99.1 � 1.9
Sports/recreation 88.4 � 16.3 69.4 � 22.7 93.3 � 9.3
QoL 79.4 � 19.3 57.5 � 20.1 84.9 � 14.6

* Values are the mean � SD unless indicated otherwise. ACLR = anterior cruciate ligament reconstruction; ADL = activities of daily living;
BMI = body mass index; BPTB = bone–patellar tendon–bone; KOOS = Knee Injury and Osteoarthritis Outcome Score; LSI = limb symmetry
index; OA = osteoarthritis; QoL = quality of life.
† Early OA as defined by KOOS criteria in Luyten et al (19).
‡ BMI was carried forward from the 2-year follow-up for 2 participants.
§ Two unknown graft types in the group without early OA.
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KOOS. The KOOS, a patient-reported outcome of knee
pain and function, was administered to all participants. The
KOOS is comprised of 5 subscales (pain, symptoms, activities
of daily living, sports and recreation function, and knee-related
quality of life) (22). The KOOS subscales scores range from
0 to 100, with 100 indicating no impairment. We applied the
patient-reported criteria of the proposed early clinical OA
symptoms by Luyten et al (19). The criteria for early clinical
knee OA was defined as ≤85% in 2 of 4 KOOS subscales (pain,
symptoms, activities of daily living, knee-related quality of life) at
the 5-year follow-up of the Delaware–Oslo ACL Cohort
Study (19).

Statistical analyses. Statistical analyses were performed
using SAS, version 9.4. A significance level of P less than 0.05
was set a priori. Descriptive statistics were calculated to
describe the participant demographics. The exposures of inter-
est were quadriceps strength LSI (continuous variable) and
surgical status (ACLR or nonoperative management). For
descriptive purposes, we also dichotomized quadriceps
strength LSI into symmetric (≥90% LSI) and asymmetric
(<90% LSI). The outcome was presence or absence of early
clinical knee OA based on the Luyten et al (19) KOOS criteria
(2 of 4 KOOS subscales scoring ≤85%). We calculated odds
ratios (ORs) and 95% confidence intervals (95% CIs) using
logistic regression to examine the association of quadriceps
strength symmetry and surgical status with presence of early
clinical knee OA 5 years after ACL rupture, adjusting for sex,
age, body mass index, and meniscus injury at baseline.

RESULTS

Of 300 participants who enrolled in the Delaware–Oslo ACL
Cohort Study at baseline, 204 (149 ACLR; 55 underwent rehabil-
itation alone) who returned for the 5-year follow-up completed the
KOOS questionnaire and quadriceps strength testing (Table 1). Of
204 participants, 21% (41 of 200) were classified as having early
clinical knee OA according to the modified Luyten et al criteria
(19). Fifty-four percent of participants scored ≤85% on the KOOS
knee-related quality of life subscale (111 of 204) (Table 2). Fewer
participants had scores ≤85% on the symptoms (38 of 204) and
pain (24 of 204) or activities of daily living (8 of 204) subscales.

Quadriceps asymmetry (<90% LSI) was observed in 54% of
those with clinical knee OA and 35% of those without clinical knee
OA. More symmetric quadriceps strength was associated with
lower odds of clinical knee OA (adjusted OR [ORadj] 0.96 [95%
CI 0.93–0.99]). Specifically, for every 1% higher quadriceps
strength LSI, there was 4% lower odds of clinical knee
OA. Fourteen percent of those managed with rehabilitation alone
and 22% of those after ACLR had clinical knee OA (9). Surgical
status was not associated with clinical OA (ORadj 0.58 [95% CI
0.23–1.50]).

DISCUSSION

The results supported our primary hypothesis that higher
quadriceps LSI was associated with lower odds of clinical knee
OA. When considering clinical application and utility of our results,
our analysis suggests that a modest 1% higher quadriceps LSI
was associated with 4% lower odds of clinical knee OA. Five
years after ACL rupture or reconstruction, 54% of those classified
with clinical knee OA had a quadriceps LSI of <90%. The impor-
tance of maintaining quadriceps strength after ACL rupture that
has been underscored in the literature is further supported by this
analysis. Quadriceps weakness is associated with the develop-
ment of symptomatic knee OA (13,23). In individuals with diag-
nosed knee OA, stronger quadriceps are correlated with
increased physical activity (24). At the time of return to sport,
patients with weaker quadriceps demonstrate poorer knee joint
function and altered landing patterns (18,25). Our results, taken
with previous literature, highlight the importance of maintaining
symmetric quadriceps strength after traumatic knee injury, such
as ACL rupture, for long-term joint health.

Treatment choice (i.e., ACLR plus rehabilitation versus reha-
bilitation alone) was not associated with early clinical knee OA in
our cohort. Prior studies also reported that long-term outcomes,
including development of OA, are not different between those
who undergo ACLR versus rehabilitation alone after ACL injury
(26,27). Maintaining long-term quadriceps strength symmetry is
an important component of rehabilitation and long-term joint
health regardless of how ACL ruptures are managed.

Our results support the use of the modified KOOS classifica-
tion component of Luyten et al (19) to identify participants who
may benefit from continued further clinical intervention
(i.e., quadriceps strength training) beyond discharge from rehabil-
itation, and education on quadriceps weakness being a significant
risk factor for the development and progression of knee OA (10).
After ACL rupture, nearly all patients (98%) assume they have no
or only slightly increased risk of developing posttraumatic

Table 2. Total sample categorized by Luyten et al (19) criteria
application*

Value

KOOS ≤85
Pain 24 (12)
Symptoms 38 (19)
ADL 8 (4)
QoL 111 (54)

No. of KOOS subscale scores ≤85
0 89 (44)
1 74 (36)
2 24 (12)
3 9 (4)
4 8 (4)

* Values are the number (%). ADL= activities of daily living; KOOS=
Knee Injury and Osteoarthritis Outcome Score; QoL = quality
of life.
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OA (28). Patients may benefit from discussions with health care
practitioners regarding outcomes on the KOOS classification
component of Luyten et al (19), including strategies for maintain-
ing joint health such as maintaining quadriceps strength symme-
try. Our results provide a direction for targeted secondary OA
prevention after ACL rupture or reconstruction.

Practitioners and patients may be able to use the KOOS
classification component of Luyten et al (19) to monitor clinical
OA risk. Fifty-four percent of the study sample had deficits in
knee-related quality of life (KOOS quality of life ≤85), and this
included nearly all (40 of 41) participants classified with early clini-
cal OA. While deficits in knee-related quality of life were common,
participants were required to report deficits in at least 1 more sub-
scale (pain, symptoms, or ADL) to be classified with clinical knee
OA for the KOOS portion of the Luyten et al criteria (19). Worse
scores on the KOOS pain subscale are associated with poorer
patient-reported outcomes (e.g., worse function, greater fear of
movement, worse knee confidence) after ACLR (29). Additionally,
lower KOOS sports and recreation and pain subscales are asso-
ciated with low self-reported knee stability in individuals with knee
OA after ACLR (30).

When compared to the general population KOOS scores,
those in our cohort without early clinical knee OA, as defined
by the modified Luyten et al criteria, exceeded uninjured, age-
matched scores on each subscale (31). Those in our sample
with early clinical OA, however, had lower mean values on every
subscale than uninjured, age-matched population scores (31).
These data indicate that use of the KOOS subscales may assist
in differentiating those with clinically relevant knee symptoms.
Compared to individuals who report their knee status as accept-
able after ACLR (32), our group with early clinical knee OA had
worse KOOS pain, ADL, sports and recreation, and quality of life
scores. Patient acceptable symptom state (PASS), a state in
which individuals consider the current state of their knee to be
satisfactory, was established in a cross-sectional analysis of
individuals 1–5 years after ACLR (mean � SD follow-up time
3.4 � 1.3 years) (32). The PASS threshold was 88.9 for KOOS
pain, 57.1 for KOOS symptoms, 100.0 for KOOS ADL, 75.0 for
KOOS sports and recreation, and 62.5 for KOOS quality of life.
In our sample classified with early OA, only the KOOS symptoms
subscale exceeded the PASS threshold, while KOOS pain,
KOOS ADL, KOOS sports and recreation, and KOOS quality of
life did not. Conversely, in those without early OA, only the
KOOS ADL subscale did not exceed the PASS threshold (99.1
versus 100). Our results, taken with these data, suggest that
poor scores on at least 2 of 4 KOOS subscales (pain, symp-
toms, activities of daily living, knee-related quality of life) may
be an important identifier of those who may be at risk of early
OA development. If we can identify individuals who are at risk
earlier, we can intervene with secondary prevention strategies,
such as quadriceps strengthening, and potentially delay irre-
versible joint damage.

There are limitations of this study to consider when inter-
preting our results. Due to the cross-sectional study design
and our statistical model, we cannot be sure that restoring quad-
riceps strength symmetry will change the clinical or structural
trajectory for developing OA after ACL rupture, and we cannot
assume a linear relationship. Additionally, we only applied the
patient-reported component of the Luyten et al (19) criteria to
our sample. The full Luyten et al (19) criteria have not yet been
validated. Therefore, we are unable to conclude that quadriceps
strength asymmetry was a direct contributor to clinical OA.
Further analysis is needed to examine the association of quadri-
ceps strength with early clinical knee OA when the full criteria are
applied. Strength testing differed slightly between sites; how-
ever, we reported limb symmetry measures to ensure that
strength data were comparable. Caution should be used when
interpreting limb symmetry indexes, as using the contralateral
limb as a benchmark may overestimate knee function; therefore,
we cannot draw definite conclusions on absolute strength.
Future analysis should consider the association of quadriceps
strength with the development of radiographic OA.

In conclusion, more symmetric quadriceps strength, but not
surgical status, 5 years after ACL rupture was associated with
lower odds of clinical knee OA. These results indicate that main-
taining stronger quadriceps after ACL rupture, with or without
reconstruction, could reduce the odds of clinical knee OA.
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Costs of Joint Replacement in Osteoarthritis: A Study Using
the National Joint Registry and Clinical Practice Research
Datalink Data Sets

Jose Leal,1 Jacqueline Murphy,1 Cesar Garriga,1 Antonella Delmestri,1 Amar Rangan,2 Andrew Price,1

Andrew Carr,1 Daniel Prieto-Alhambra,3 and Andrew Judge4

Objective. To estimate the costs of primary hip and knee replacement in individuals with osteoarthritis up to
2 years postsurgery, compare costs before and after the surgery, and identify predictors of hospital costs.

Methods. Patients age ≥18 years with primary planned hip or knee replacements and osteoarthritis in England
between 2008 and 2016 were identified from the National Joint Registry and linked with Hospital Episode Statistics
data containing inpatient episodes. Primary care data linked with hospital outpatient records were also used to identify
patients age ≥18 years with primary hip or knee replacements between 2008 and 2016. All health care resource use
was valued using 2016/2017 costs, and nonparametric censoring methods were used to estimate total 1-year and
2-year costs.

Results. We identified 854,866 individuals undergoing hip or knee replacement. The mean censor-adjusted 1-year
hospitalization costs for hip and knee replacement were £7,827 (95% confidence interval [95% CI] 7,813, 7,842) and
£7,805 (95% CI 7,790, 7,818), respectively. Complications and revisions were associated with up to a 3-fold increase
in 1-year hospitalization costs. The censor-adjusted 2-year costs were £9,258 (95% CI 9,233, 9,280) and £9,452
(95% CI 9,430, 9,475) for hip and knee replacement, respectively. Adding primary and outpatient care, the mean total
hip and knee replacement 2-year costs were £11,987 and £12,578, respectively.

Conclusion. There are significant costs following joint replacement. Revisions and complications accounted for
considerable costs and there is a significant incentive to identify best approaches to reduce these.

INTRODUCTION

Knee and hip replacement significantly improve the quality of life
of individuals with osteoarthritis and have been shown to be very
cost-effective compared to no surgery (1,2). In the UK, there were
96,117 primary hip procedures and 106,334 primary knee proce-
dures in 2017, of which 90%and 99%of hip and knee replacements,
respectively, had osteoarthritis as the indication for surgery (3).

There is limited evidence about the primary care and hospital
costs of primary planned joint replacement in the subsequent years
after surgery. It is important to have up-to-date and robust data of
the costs of joint replacement and its drivers to inform decisions
about changes in health service delivery and to produce good prac-
tice guidelines (4). Investment and disinvestment decisions regard-
ing novel interventions in this area are driven by cost-effectiveness
evidence (5,6), where resource use and costs are a key input.

The views expressed in this publication are those of the authors and
do not necessarily reflect those of the NHS, the National Institute for
Health Research (NIHR) or the Department of Health and Social Care, the
National Joint Registry Steering Committee, the Healthcare Quality
Improvement Partnership, or the Medicines and Healthcare Products
Regulatory Agency.

Supported by the NIHR Health Services and Delivery Research program
(#14/46/02). The work of Mr. Rangan and Mr. Carr was supported by the
NIHR Oxford Biomedical Research Centre. Dr. Prieto-Alhambra’s work
was supported by the NIHR in the form of a Senior Research Fellowship
(SRF-2018-11-ST2-004). Dr. Judge’s work was supported by the NIHR Biomedical
Research Centre at the University Hospitals Bristol NHS Foundation Trust and
the University of Bristol.

1Jose Leal, DPhil, Jacqueline Murphy, MSc, Cesar Garriga, PhD, Antonella
Delmestri, PhD, Andrew Price, BA, MBB, DPhil, Andrew Carr, ChM, FMedSci:
University of Oxford, Oxford, UK; 2Amar Rangan, FRCS: University of Oxford,
Oxford, and National Joint Registry for England, Wales, Northern Ireland and

the Isle of Man, Hemel Hempstead, UK; 3Daniel Prieto-Alhambra, MD, PhD:
University of Oxford and NIHR Oxford Biomedical Research Centre, John
Radcliffe Hospital Oxford, Oxford, UK; 4Andrew Judge, PhD: University of
Oxford, Oxford, and University of Bristol, Bristol, UK.

Dr. Leal and Ms. Murphy contributed equally to this work.
Mr. Rangan has received grants from DePuy Ltd. Dr. Price has received

consulting fees, speaking fees, and/or honoraria from Zimmer Biomet (more
than $10,000). Dr. Prieto-Alhambra has received grants from Amgen, UCB
Biopharma, Servier, Astellas, and Novartis. Dr. Judge has received consulting
fees, speaking fees, and/or honoraria from Freshfields Bruckhaus Deringer
and Anthera Pharmaceuticals (more than $10,000 each). No other disclosures
relevant to this article were reported.

Address correspondence to Jose Leal, DPhil, Nuffield Department of Pop-
ulation Health, University of Oxford, Old Road Campus, OX3 7LF, UK.
Email: jose.leal@dph.ox.ac.uk.

Submitted for publication February 4, 2020; accepted in revised form
September 24, 2020.

392

Arthritis Care & Research
Vol. 74, No. 3, March 2022, pp 392–402
DOI 10.1002/acr.24470
© 2020 American College of Rheumatology

https://orcid.org/0000-0001-7870-6730
https://orcid.org/0000-0001-7073-3611
mailto:jose.leal@dph.ox.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24470&domain=pdf&date_stamp=2022-01-13


The primary aim of this study was to estimate the primary
care and hospital costs of primary joint replacement up to 2 years
postsurgery. We used data from the UK National Joint Registry
linked with hospital data records in England and data from a large
patient-level primary care data set representative of the English
population. Secondly, we contrasted the resource use and costs
by operation types. Finally, we reported the main predictors of
hospital costs following joint replacement.

PATIENTS AND METHODS

Setting and data sources. We adopted an incidence-
based approach (7) to estimate the primary and hospital care
costs associated with hip and knee replacement. This approach
estimated the costs of individuals from joint replacement back-
wards and forwards to the earliest and latest observed follow-up
point, respectively.

Data from the UK National Joint Registry (NJR) were linked
with Hospital Episode Statistics (HES), which contains records of
all admitted patient care episodes undertaken in NHS trusts in
England. NJR contains data on hip replacement surgeries from
all hospitals in England and includes 2 million patients since
2003, currently covering 95% and 96% of primary hip and knee
replacements, respectively (8).

Before personal data and sensitive personal data are
recorded in NJR, express written patient consent is provided.
With support under Section 251 of the NHS Act 2006, the ethics
and confidentiality committee allows the NJR to collect patient
data where consent is indicated as not recorded (Confidentiality
Advisory Group [CAG] reference: PIAG 2-05(j)/2006). This study
did not require ethical approval because it analyzed information
previously collected in the course of normal care, and patients or
service users were not identifiable to the research team carrying
out the analysis (Medical Sciences Interdivisional Research Ethics
Committee, University of Oxford; CAG reference: 16/CAG/0111).
Planned hip and knee replacements in the HES data set were
linked to patient-reported outcome measures, i.e., Oxford Hip
Score/Oxford Knee Score (OHS/OKS) (9,10) and EuroQol
5-domain questionnaire in 3 levels (EQ-5D-3L) (11) before surgery
and 6 months after surgery.

The Clinical Practice Research Datalink (CPRD) GOLD data
set (obtained under license from the UK Medicines and Health-
care Products Regulatory Agency [MHRA]) contained data on
patient consultations entered by the general practitioner, medical
history, referrals data, test results, and all pharmaceutical pre-
scriptions from general practitioner electronic health records. Hip
and knee replacement were identified using predefined Read
codes (see Supplementary Appendix A, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24470/abstract). The CPRD GOLD data set was
linked to hospital outpatient records in HES and to Office for
National Statistics mortality data. The study was approved by
Independent Scientific Advisory Committee for MHRA Database
Research (protocol number 11_050AMnA2RA2).

Study participants. To estimate hospitalization costs, we
only included individuals identified in the NJR-HES–linked data
set with a planned surgery for joint replacement between April
2008 and January 2017. Patients without a concordant date of
replacement between NJR and HES databases were excluded
from the analysis. To estimate outpatient and primary care costs,
we only included patients in the CPRD GOLD data set with a first
ever clinical or referral record of planned joint replacement occur-
ring from April 1, 2008 until December 31, 2016.

Ascertainment of change in patient-reported out-
comes at 6 months. We estimated the absolute change in
OHS/OKS and EQ-5D-3L index scores (6 months–baseline
score) to obtain a measure of change associated with the surgery.
The scores from the 12 questions in the OHS/OKS were summed
to obtain the total score spanning from 0 (worst possible) to
48 (best possible). The EQ-5D-3L responses were converted into
utility scores using the UK value set (12). Higher positive values for
OHS/OKS and EQ-5D-3L score changes between time points
represented greater reduction in pain, improvement in function,
and quality of life self-reported by the patient.

Ascertainment of death, complications, and revi-
sions at 1 year. All-cause mortality was estimated at 1 year from
the day of planned admission due to joint replacement and using
the date of death from the Office for National Statistics mortality
database. We defined postoperative complications as 1 or more
events happening up to 1 year after joint replacement: stroke
(excluding transient ischemic attack), respiratory infection, acute
myocardial infarction, pulmonary embolism/deep vein thrombo-
sis, urinary tract infection, wound disruption, surgical site infec-
tion, fracture after implantation, complication of prosthesis,
neurovascular injury, acute renal failure, and blood transfusion.
A group of 4 orthopedic surgeons independently went through
all the relevant International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision (ICD-10) diagnoses
and Office of Population Censuses and Surveys Classification of

SIGNIFICANCE & INNOVATIONS
• Joint replacement in osteoarthritis is associated

with considerable health care costs and variation
across surgery procedures.

• Revisions and complications were associated with
up to a 3-fold increase in 1-year hospitalization
costs.

• Costs in the second year after joint replacement
were higher compared to costs in the year prior to
surgery.
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Interventions and Procedures version 4 operation codes, and
came to a consensus on the final list of codes for complications
relevant to this study. This list of codes was further checked by a
senior data manager (AD) who conducted additional searches
based on the list of codes identified to ensure that no potential rel-
evant codes had been missed (see Supplementary Appendix B,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24470/abstract). We also
identified revisions occurring up to 1 year following joint replace-
ment from revisions declared to the NJR registry by the surgeons
(13) and revisions reported to HES using codes from Supplemen-
tary Appendix C, available at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24470/abstract.

Costs. Each finished consultant episode in a hospital admis-
sion was assigned into a Healthcare Resource Group (HRG) via
the 2016/2017 Casemix Grouper Software (HRG4+) (14). HRGs
are standard groups of clinically similar treatments that consume
a common set of health care resources. HRGs for each finished
consultant episode were valued using NHS reference costs from
2016/2017 (15) and appropriate methodology (16) and were
summed to produce the total cost per hospital admission.

Primary care contacts and tests were costed using
2016/2017 unit costs from national cost databases (17) (see Sup-
plementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24470/
abstract for full details of methodology). Pharmaceuticals were
costed by matching each prescribed medication to a British
National Formulary code and valuing these using 2016/2017 cost
data from NHS digital prescription cost analysis (18) Total costs
per patient were aggregated into monthly and annual amounts
for the purposes of the analysis

Statistical analysis. The NJR-HES database was cen-
sored on January 20, 2017, and complete follow-up was not
available for all cases. Hence, we report total hospital inpatient
costs for those patients with complete follow-up data at years
1 and 2 following joint replacement and for the whole sample after
adjusting for censoring using the methodology developed by Lin
et al (19). Costs are reported as means together with their 95%
confidence intervals (95% CIs), obtained from 1,000 bootstrap
estimates.

Predictors of hospitalization costs of joint replacement were
estimated using a generalized linear model (GLM). Based on our
review of the literature, we examined the following predictors of
costs in the year of the joint replacement: age, sex, EQ-5D-3L/
OHS/OKS before surgery and change at 6 months, complications
and revision up to 1 year after surgery, multiple deprivation index,
Charlson comorbidity score up to surgery (see Supplementary
Appendix D, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24470/abstract),
body mass index (BMI) prior to surgery, type of joint replacement

(partial, total, and patellofemoral for knee; resurfacing or total for
hip), surgical variables, American Society of Anesthesiologists
(ASA) grade before surgery, thrombolysis agents used (low molec-
ular weight heparin, none, aspirin, and other), type of anesthesia
(general, epidural, spinal, and nerve block), death, and year of
surgery.

We used t-tests and Pearson’s chi-square tests to evaluate
the missingness for the potential predictors of costs (e.g., BMI,
EQ-5D-3L/OHS/OKS scores before surgery and change at
6 months) in terms of age, sex, hospitalization costs, length of
stay, Charlson comorbidity score, and type of joint replacement.
We also performed multiple imputation of the missing data using
a chained model with 20 iterations regressed on nonmissing vari-
ables to inform the prediction models (see Supplementary
Appendix E, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24470/abstract
for more details) (20).

The choice of the GLM model family and link functions was
informed by the modified Park test and the Box-Cox test, respec-
tively (21). We applied stepwise backward selection (at P value
less than 0.05) per 300 bootstrap samples to identify variables
that were consistently selected for at least 50% of the analyses
and to inform the final models. A 2-tailed t-test with α = 0.01
(to account for the large sample size) was used to determine
whether each coefficient was statistically significantly different
from zero, and their selection as predictors of costs was informed
using Akaike’s information criterion, mean square error, and likeli-
hood test. All analyses were performed using Stata software, ver-
sion 15.

RESULTS

Patient sample. Between April 1, 2008 and January
30, 2017, we identified 397,119 and 457,747 patients with oste-
oarthritis as having had a primary hip or knee replacement,
respectively, in the NJR-HES–linked data set. Table 1 reports
the baseline characteristics of the 2 cohorts. There were more
women in the knee replacement cohort than in the hip replace-
ment cohort (57.0% versus 40.4%). Individuals undergoing
hip replacement were slightly younger (69.1 years versus
69.5 years) and with lower BMI (28.8 kg/m2 versus 30.7 kg/m2,
i.e., overweight versus obese) compared to individuals undergo-
ing knee replacement. Furthermore, the absolute change for
Oxford and EQ-5D-3L scores was slightly lower in the hip
replacement cohort (17.4 points versus 18.2 points for OHS/OKS
and 0.33 versus 0.37 for EQ-5D-3L utilities). Osteoarthritis was
the most common indication for joint replacement, with only
3.2% (hips) and 1.2% (knees) of cases having an indication other
than osteoarthritis alone.

Patient outcomes and hospitalization costs. The
mean � SD duration of follow-up for the hip and knee replacement
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cohorts was 3.9 � 2.5 years (Table 2). The mean � SD difference
between 6 months and preoperative OHS/OKS was 20.1 � 10.2
points (n = 202,761) for hip replacement and 15.3 � 10.0 points
(n = 216,322) for knee replacement.

The mean hospitalization costs associated with index admis-
sion for hip replacement were £6,208 (median 5,824; SD 969)
compared to £6,122 (median 5,692; SD 967) for knee replace-
ment. Mean length of stay in the index admission was 4.8 days

Table 1. Patient characteristics of study cohorts at primary joint replacement*

Characteristic
Hip replacement
(n = 397,119)

Knee replacement
(n = 457,747)

Age, mean � SD years 69.1 � 10.8 69.5 � 9.5
Female sex 40.4 57.0
White ethnicity† 86.1 82.4
Index of multiple deprivation, mean � SD‡ 18.0 � 13.2 19.4 � 14.0
Body mass index, mean � SD§ 28.8 � 5.2 30.7 � 5.4
Underweight (<18.5) 0.7 0.2
Normal (18.5–24.9) 19.4 9.7
Overweight (25–29.9) 39.8 34.4
Class I obese (30–34.9) 26.6 32.8
Class II obese (35–39.9) 10.1 16.4
Class III obese (≥40) 3.4 6.7

Oxford Hip/Knee Score before surgery, mean � SD¶ 17.4 � 8.2 18.2 � 7.8
EQ-5D-3L score before surgery, mean � SD# 0.33 � 0.32 0.37 � 0.32
Location**
Urban 71.3 74.7
Town and fringe 12.8 11.8
Village/isolated 15.9 13.5

Charlson comorbidity index, mean � SD 0.37 � 0.75 0.4 � 0.8
Median (interquartile range) 0 (0–1) 0 (0–1)

ASA grade
Fit and healthy (I) 13.8 10.2
Mild disease not incapacitating (II) 70.3 73.7
Incapacitating systemic disease (III) 15.5 15.9
Life-threatening disease or expected to die within 24 hours (IV and V) 0.4 0.3

Indication
Osteoarthritis 96.8 98.8
Osteoarthritis and other 3.2 1.2

Operation type, no. (%)††
Total joint replacement 381,145 (98.1) 418,510 (92.4)
Partial joint replacement – 34,299 (7.8)
Patellofemoral joint replacement – 4,939 (1.1)
Metal-on-metal resurfacing 7,271 (1.9) –

Implant type‡‡
Bicondylar – 92.0
Metal-on-metal 4.6 –

Nonmetal-on-metal 95.4 –

Anesthesia§§
General 38.9 35.4
Epidural 4.6 4.6
Nerve block 8.0 15.3
Spinal 71.0 68.5

Thromboprophylaxis for joint replacement
None 3.1 3.7
Aspirin only 5.1 5.6
LMWH (with or without other) 66.0 72.3
Other (no LMWH) 25.8 18.4

* Values are the percentage unless indicated otherwise. ASA= American Society of Anesthesiologists; EQ-5D-3L= EuroQol 5-domain question-
naire in 3 levels; LMWH = low molecular weight heparin.
† 1.5% and 1.3% missing in the hip and knee replacement cohorts, respectively.
‡ 1.1% and 1.0% missing in the hip and knee replacement cohorts, respectively.
§ 29.0% and 29.1% missing in the hip and knee replacement cohorts, respectively.
¶ 41.2% and 45.3% missing in the hip and knee replacement cohorts, respectively.
# 41.9% and 45.9% missing in the hip and knee replacement cohorts, respectively.
** 0.3% missing in each cohort.
†† 2.2% missing in each cohort.
‡‡ 1.3% missing in each cohort.
§§ 0.5% missing in each cohort.
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(median 4; SD 3.8; interquartile range [IQR] 3–6) and 4.8 days
(median 4; SD 3.5; IQR 3–5) for hip and knee replacement,
respectively.

Within 1 year of joint replacement, the mean hospitalization
costs were estimated at £7,817 (median 6,258; SD 4,618) and
£7,784 (median 6,226; SD 4,520) for hip and knee replacement,
respectively, of which the index admission accounted for 79.4%
and 78.5% of the total. Hospitalization costs and length of stay
within 1 year were highly correlated for both types of joint replace-
ment (Spearman’s correlation coefficient 0.84, P < 0.001).

The 3 most common reasons for hospital readmission within
the first year of joint replacement were similar in both cohorts: mus-
culoskeletal (ICD-10 chapter 13: 32–35% of readmission costs),
injury (ICD-10 chapter 19: 21%), and circulatory system (ICD-10
chapter 9: 8–9%) (see Supplementary Table 2, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24470/abstract). For hip replacement, 2,404
patients (0.7%) with complete 1-year follow-up had a hip revision
in the following year according to the NJR registry. We found
610 more 1-year revisions using HES, giving a total of 3,014
(0.9%). For knee replacement, 1,769 patients (0.5%) with complete
1-year follow-up had a knee revision in the following year according
to the NJR registry. We found 178more 1-year revisions using HES,
giving a total of 1,947 (0.5%).

For hip replacement, individuals undergoing metal-on-metal
resurfacing had on average lower 1-year and 2-year costs and
length of stay (at 2 years: mean � SD £7,374 � 4,246 and
5.6 � 7.8 days [n = 6,643]) compared to individuals undergoing
total hip replacement (at 2 years: £9,321 � 6,971 and
9.5 � 16.5 days [n = 286,975]) (see Supplementary Table 3,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24470/abstract for full
details of methodology).

For knee replacement, individuals undergoing unicondylar
joint replacement had on average lower 1-year and 2-year costs
and length of stay (at 2 years: mean � SD £8,198 � 5,145 and
5.6 � 9.5 days [n= 24,203]) compared to individuals undergoing
patellofemoral joint replacement (at 2 years: £9,209 � 6,252 and
7.4 � 12.7 days [n = 3,726]) and total knee replacement
(at 2 years: £9,548 � 7,088 and 9.8 � 17.0 days [n = 305,194])
(see Supplementary Table 4, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24470/abstract).

Adjusting for censoring, the mean 1-year costs were similar
to the complete follow-up analysis (including individuals who died
in that year) at £7,827 (95% CI 7,813, 7,842) and £7,805 (95% CI
7,790, 7,818) for hip and knee replacement, respectively. For hip
replacement, the mean costs in the first 2 years following joint

Table 2. Patient outcomes and hospitalization costs*

Hip replacement Knee replacement

Follow-up time, years 3.9 � 2.5 3.9 � 2.5
Mortality within 1 year, no. (%)† 4,071 (1.2) 2,965 (0.8)
Initial hospitalization (index admission to discharge)‡
Hospital length of stay, days 4.8 � 3.8 4.8 � 3.5
Hospitalization costs, £ 6,208 � 969 6,122 � 967

Oxford Hip/Knee Score change at 6 months§ 20.1 � 10.2 15.3 � 10.0
EQ-5D-3L score change at 6 months¶ 0.40 � 0.34 0.29 � 0.33
Hospitalization costs within 1 year of replacement, £†
Index hospitalization 6,207 � 990 6,110 � 979
Emergency hospitalizations after discharge 648 � 2,880 606 � 2,730
Planned hospitalizations after discharge 963 � 2,825 1,067 � 2,850
Total 7,817 � 4,618 7,784 � 4,520

Total length of hospital stay within 1 year of replacement, days†
Index hospitalization 4.9 � 3.8 4.8 � 3.5
Emergency hospitalizations after discharge 1.4 � 7.4 1.4 � 7.2
Planned hospitalizations after discharge 0.9 � 5.3 1.0 � 5.5
Total 7.3 � 11.2 7.2 � 11.2

Hospitalization costs within year 2 after joint replacement, £#
Emergency hospitalizations 524 � 2,598 549 � 2,692
Planned hospitalizations 908 � 2841 1,090 � 3,020
Total costs 1,432 � 4,169 1,639 � 4,353

Total length of hospital stay within year 2 after joint replacement# 1.9 � 9.1 2.1 � 9.5

* Values are themean � SD unless indicated otherwise. EQ-5D-3L= EuroQol 5-domain questionnaire in 3 levels.
† 344,721 and 394,118 individuals with complete follow-up, including those who died in that year, in the hip
and knee cohorts, respectively.
‡ 397,119 and 457,747 individuals in the hip and knee replacement cohorts, respectively.
§ 202,761 and 216,322 individuals with presurgery and 6 months Oxford Hip Score/Oxford Knee Score in the
hip and knee replacement cohorts, respectively.
¶ 187,636 and 201,077 individuals with presurgery and 6months EQ-5D-3L scores in the hip and knee replace-
ment cohorts, respectively.
# 293,618 and 333,123 individuals with complete follow-up, including those who died within 2 years of hip and
knee replacement, respectively.
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replacement (2-year) adjusted for censoring were £9,258 (95% CI
9,233, 9,280) compared to £9,277 using only individuals with
complete follow-up (including those who died in that year
[n = 293,618]). For knee replacement, the costs in the first
2 years following joint replacement (2-year) adjusted for censoring
were £9,452 (95% CI 9,430, 9,475) and similar to £9,446 using
only individuals with complete follow-up (n = 333,123). Supple-
mentary Table 5, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24470/
abstract, reports hospital admissions, length of stay, and costs
during the first 2 years following joint replacement.

Predictors of hospitalization costs in the first year
following joint replacement. Approximately 50% and 70%
of patients had missing data for Oxford and EQ-5D-3L scores
(before surgery and at 6 months), BMI, or other variables to inform

the prediction of hospitalization costs for hip and knee replacement,
respectively (see Supplementary Table 6, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24470/abstract). Following multiple imputation, the pre-
dictors of hospitalization costs for hip and knee replacement are
shown in Tables 3 and 4, respectively. A GLM model with gamma
family and identity link function had the best fit.

Adjusting for all covariates, conventional total hip replacement
was more expensive on average than metal-on-metal resurfacing
(£451; P < 0.001). Women had higher mean hospitalization costs
than men (£167; P < 0.001), and older and more deprived individ-
uals were associated with higher costs. Individuals with higher qual-
ity of life values (EQ-5D-3L and OHS) prior to surgery and reporting
improvements at 6 months were associated with lower hospitaliza-
tion costs. There was strong evidence (P < 0.01) that ceramic on
ceramic, ceramic on metal, and metal on ceramic bearing were

Table 3. Predictors of 1-year hospitalization costs following hip replacement (n = 330,765)*

Value Mean additional cost, £ (95% CI) P > z

Type of joint replacement
Total hip replacement 97.9 Ref.
Metal-on-metal resurfacing 2.1 –451 (–556, –347) <0.001

Age at replacement (centered at 69 years) 69.1† 28 (27, 30) <0.001
Age at replacement squared, years – 0.9 (0.8, 0.9) <0.001
Sex
Male 59.5 Ref.
Female 40.5 167 (147, 188) <0.001

Charlson comorbidity score 0.4† 380 (362, 399) <0.001
Body mass index at hip replacement 28.8† –4 (–6, –1) 0.002
EQ-5D-3L score at baseline (per 0.10 increase) 0.3† –105 (–113, –96) <0.001
EQ-5D-3L score change at 6 months (per 0.10 increase) 0.4† –97 (–104, –9) <0.001
Hip score at baseline 17.4† –30 (–32, –27) <0.001
Hip score change at 6 months 20.1† –17 (–19, –14) <0.001
Calendar year of replacement (centered at 2012) –31 (–35, –26) <0.001
ASA grade
Fit and healthy (I) 13.9 –150 (–174, –126) <0.001
Mild disease not incapacitating (II) 70.4 Ref.
Incapacitating systemic disease (III) 15.3 637 (600, 675) <0.001
Life-threatening disease or expected to die within 24 hours (IV and V) 0.4 2,112 (1,772, 2,452) <0.001

Head size, mm
≤28 42.2 Ref.
29–35 31.4 45 (22, 69) <0.001
36–42 23.4 56 (27, 85) <0.001
43–48 1.4 29 (–72, 129) 0.579
49–52 1.2 66 (–59, 191) 0.300
≥53 0.4 226 (60, 392) 0.008

Bearing surfaces
Metal on polyethylene 61.9 Ref.
Metal on metal 4.3 –29 (–105, 47) 0.450
Ceramic on ceramic 16.9 –40 (–69, –10) 0.009
Ceramic on polyethylene 16.6 –24 (–51, 4) 0.094
Other (ceramic on metal or metal on ceramic) 0.4 –194 (–324, –64) 0.003

Surgeon volume of hip procedures (per 100 additional procedures) 97.4† –16 (–28, –4) 0.007
Complications within 1 year 6.0 6,601 (6,472, 6,731) <0.001
Revision within 1 year 0.9 11,255 (10,800, 11,709) <0.001
Death 1.0 4,682 (4,374, 4,991) <0.001
Constant – 8,600 (8,500, 8,700) <0.001

* Values are the percentage unless indicated otherwise. 95% CI = 95% confidence interval; ASA = American Society of Anesthesiologists; EQ-
5D-3L = EuroQol 5-domain questionnaire in 3 levels; Ref. = reference.
† Mean value of variable untransformed.
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associated with lower mean 1-year hospitalization costs than metal
on polyethylene bearings (the most common bearing type in the
cohort). Costs were also lower in recent years (–£31 per year;
P < 0.001), holding all else constant. Complications and revisions
within the year were significantly associated with higher mean costs,
with an additional £6,601 (1.9-fold increase; P < 0.001) and
£11,255 (2.5-fold increase; P < 0.001), respectively, and £17,857
together (3.4-fold increase). Holding all else constant, the

complications associated with the highest increase in 1-year costs
were blood transfusion (an additional £7,782), surgical site infection
(£6,799), stroke (£6,791), fracture after implant (£6,585), and wound
disruption (£6,209) (see Supplementary Table 7, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24470/abstract).

Adjusting for all covariates, total knee replacement was sig-
nificantly associated with higher 1-year hospitalization costs than

Table 4. Predictors of 1-year hospitalization costs following knee replacement (n = 391,691)*

Value Mean additional cost, £ (95% CI) P > z

Type of joint replacement
Total knee replacement 92.5 Ref. <0.001
Partial knee replacement 7.4 –404 (–443, –366) <0.001
Patellofemoral replacement 0.1 –137 (–237, –38) 0.007

Age at replacement (centered at 69 years) 69.5† 31 (30, 32) <0.001
Age at replacement squared – 1.1 (1.0, 1.2) <0.001
Sex
Male 56.8 Ref.
Female 43.2 255 (234, 277) <0.001

Charlson comorbidity score 0.4 364 (348, 380) <0.001
Year of surgery (centered in 2012) –14 (–19, –10) <0.001
IMD score (divided by 100) 19.4† –276 (–350, –203) <0.001
EQ-5D-3L score at baseline (per 0.10 increase) 0.4† –97 (–105, –89) <0.001
EQ-5D-3L score change at 6 months (per 0.10 increase) 0.3† –94 (–101, –87) <0.001
Knee score at baseline 18.2† –28 (–30, –25) <0.001
Knee score change at 6 months 15.2† –10 (–12, –8) <0.001
ASA grade
Mild disease not incapacitating (II) 73.7 Ref.
Fit and healthy (I) 10.2 –153 (–184, –121) <0.001
Incapacitating systemic disease (III) 15.7 617 (585, 549) <0.001
Life-threatening disease or expected to die within 24 hours (IV and V) 0.3 1,605 (1,346, 1,863) <0.001

Deformity degrees
<10 65.2 Ref.
10–30 33.7 61 (38, 85) <0.001
>30 1.1 507 (396, 618) <0.001

Range of flexion, degrees
91–110 45.3 Ref.
<70 2.1 93 (15, 171) 0.027
70–90 19.7 56 (26, 86) <0.001
>110 32.9 –15 (–41, 11) 0.238

Type of surgeon
Consultant 78.5 Ref.
Other 21.5 54 (29, 78) <0.001

Approach
Medial parapatellar 93.0 Ref.
Lateral parapatellar 1.0 175 (72, 279) 0.001
Midvastus 3.1 30 (–26, 87) 0.295
Subvastus 1.2 138 (43, 232) 0.004
Other 1.7 –20 (–96, 56) 0.603

Type of fixation
Cemented 95.0 Ref.
Uncemented 4.2 –71 (–119, –22) 0.004
Hybrid 0.7 54 (–67, 175) 0.382

General anesthesia 36.5 77 (56, 87) <0.001
Complications within 1 year 6.0 6,220 (6,139, 6,301) <0.001
Revision within 1 year 0.5 10,406 (10,012, 10,799) <0.001
Death 0.8 4,622 (4,390, 4,854) <0.001
Constant – 8,152 (8,094, 8,210) <0.001

* Values are the percentage unless indicated otherwise. 95% CI = 95% confidence interval; ASA = American Society of Anesthesiologists; EQ-
5D-3L = EuroQol 5-domain questionnaire in 3 levels; IMD = Index of Multiple Deprivation; Ref. = reference.
† Mean value of variable untransformed.
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unicondylar knee replacement (£404; P < 0.001). Women had
higher mean hospitalization costs than men (£255; P < 0.001),
and costs increased with age (£31 per additional year;
P < 0.001) and higher deprivation. Individuals with higher quality
of life values (EQ-5D-3L and OKS) at baseline and those reporting
improvements at 6 months had lower hospitalization costs.
Higher deformity and lower range of flexion were also significantly
associated with higher costs. Costs were also lower in recent
years (–£14 per year; P < 0.001), holding all else constant. Com-
plications and revisions within the first year were significantly

associated with higher costs, with an additional £6,220 (1.8-fold
increase; P < 0.001) and £10,406 (2.3-fold increase; P < 0.001),
respectively, and £16,626 together (3.0-fold increase). Holding
all else constant, the knee surgery complications associated with
the highest increase in 1-year hospitalization costs were fracture
after implant (an additional £9,875), blood transfusion (£7,691),
stroke (£6,749), wound disruption (£6,889), and urinary tract
infection (£6,529) (see Supplementary Table 7, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24470/abstract).
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Figure 1. Costs in the months before and after knee replacement (A) and hip replacement (B), with complete cases, including those who died in
that year.

OA AND COSTS OF JOINT REPLACEMENT 399

https://doi.org/10.1002/acr.24470/abstract
https://doi.org/10.1002/acr.24470/abstract


For completeness, Supplementary Tables 8 and 9, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24470/abstract, report the predictors
of 1-year hospitalization costs for hip and knee replacement,
respectively, using only the subgroups of individuals with no
missing data (complete cases). The results were similar
in terms of direction and magnitude of the associations
between hospitalization costs and covariates. The cohorts with
complete data had lower mortality rates at 1 year and lower
hospitalization costs compared to cases with missing data
(see Supplementary Tables 10 and 11, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24470/abstract).

Costs before and after joint replacement. Adding pri-
mary, outpatient, and inpatient hospitalization costs, the mean
costs associated with hip replacement amounted to £9,295 in
the year of surgery compared to £9,483 following knee replace-
ment (Figure 1). Hospitalization costs accounted for the highest

proportion of the total 1-year cost for both hip and knee replace-
ment (82–84%).

Using the annual number of UK joint replacements in 2017,
the NHS primary and hospital costs were estimated at £899
million (n = 96,717) and £1,008 million (n = 106,334) in the year
of the hip and knee replacement, respectively. In the second year
after joint replacement, total costs were £2,692 for hip and £3,095
for knee replacement cohorts, with inpatient costs being the
largest component (53% for both knee and hip).

Figure 2 reports the hospitalization costs in the months
before and after joint replacement. The annual hospitalization
costs in the year of joint replacement were £6,753 (95% CI
6,732, 6,774) and £6,563 (95% CI 6,544, 6,583) higher for hip
and knee replacement, respectively, compared to that of the pre-
vious year. However, there was a decrease in hospitalization
costs in the 5 months prior to surgery, reflecting lower hospital
admissions leading up to the planned admission. Costs in
the second year after joint replacement were £389 (95% CI
370, 407) and £349 (95% CI 329, 368) higher compared to costs
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Figure 2. Hospitalization costs in the months before and after joint replacement. Columns for Year 1 and Year 2 show the value (95% confidence
interval). * = complete cases, including those who died in that year.
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in the year prior to surgery for knee and hip replacement,
respectively.

A similar pattern was observed with primary care and out-
patient costs (see Supplementary Figures 1 and 2, available on
the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24470/abstract). However, outpa-
tient costs in the second year after surgery were significantly
lower than in the year preceding the surgery for both types of
joint replacement (–£105 [95% CI –78, –133] and –£126 [95%
CI –109, –143] for knee and hip, respectively). In contrast, pri-
mary care costs were lower in the second year after surgery for
hip replacement (by –£53) but higher for knee replacement
(by £37) compared to the year preceding surgery (see Supple-
mentary Figures 1 and 2).

DISCUSSION

In this study, we estimated the immediate- andmedium-term
(up to 2 years) hospital and primary care costs of joint replace-
ment compared with costs in the year prior to surgery in a large
representative sample of patients in England, and explored the
main variables influencing these costs. We also identified revisions
and complications within the first year of joint replacement as
major drivers of hospitalization costs, accounting for up to a
3-fold increase in costs.

Previous studies have examined the costs of joint replace-
ment but consisted of smaller samples and without linkage to
NJR data (22,23). We were able to examine the hospitalization
costs of different types of joint replacement through their identifi-
cation in the NJR data set and linkage to hospital records. We
found unicondylar knee replacement to have lower 1-year costs
than total knee replacement, and metal-on-metal resurfacing also
had lower costs than conventional total hip replacement, even
after adjusting for potential confounders. However, these cost dif-
ferences could be offset with longer follow-up than 2 years if revi-
sion rates are observed to be relatively higher with unicondylar
and metal-on-metal resurfacing.

We assessed hospitalization costs by month before and after
surgery and identified a reduction in hospitalization costs in the
5 months prior to surgery for both types of joint replacement,
reflecting fewer hospitalizations leading up to the planned admis-
sion. Furthermore, primary care costs were slightly lower in the
second year after surgery for hip replacement but slightly higher
for knee replacement compared to the year preceding surgery,
possibly reflecting differences in recovery times between the
2 procedures.

Overall, we also found the predictors of costs to be similar for
hip and knee replacement. Consistent with previous work (22),
we found preoperative quality of life, as measured using Oxford
and EQ-5D-3L scores, to be associated with hospitalization
costs; 1-year costs were higher for individuals with worse preop-
erative quality of life even after adjusting for other covariates. Also,

1-year costs were lower for individuals reporting larger improve-
ments in quality of life at 6 months.

Knee and hip replacement costs are significant, but these are
very cost-effective procedures compared to no joint surgery in
individuals with osteoarthritis (1,2,24–26). There is then an eco-
nomic incentive to fund research aimed at identifying cost-
effective ways of further improving the quality of life of patients
with osteoarthritis following joint replacement and reducing the
risk of revisions and complications.

A key advantage of this study was the use of the NJR data
set, which is the largest arthroplasty data set in the world, linked
to hospital care data and supplemented with a large primary care
data set. Hence, our data are representative of the range of indi-
viduals with osteoarthritis undergoing joint replacement in
England and are generalizable for use in other similar health care
systems. However, our study had some limitations. NJR data
were obtained for individuals undergoing joint replacement with
osteoarthritis as an indication for surgery. Hence, individuals with-
out osteoarthritis as one of the indications were not available for
analysis, e.g., rheumatoid arthritis or fractures. Furthermore, pri-
vate joint replacements were not available in the hospital care data
set and we were not able to relate hospital readmissions to joint
replacement. However, the majority of costs following joint
replacement were associated with readmissions due to musculo-
skeletal and injury reasons (53–56% of all readmission costs). The
study also lacked a control group, and additional costs associ-
ated with joint replacement were estimated by comparing the
costs in the year of replacement with those in the previous
year. Another potential limitation of the analysis is the use of HRGs
and reference costs as opposed to detailed microcosting
approaches to estimate hospitalization costs. HRGs and refer-
ence costs are nationally representative but may lack the preci-
sion to capture changes in resource use across individuals
within the same HRG. To mitigate these issues, we followed best
practice to ensure that all hospital contacts were captured and
costed appropriately (16,27).

Finally, a large proportion of the cohort had missing data for
1 or more key covariates of the hospitalization costs, in particular
EQ-5D-3L/OHS responses and BMI, which necessitated the use
of missing data methods, specifically multiple imputation. A key
assumption using multiple imputation was that the missing data
were missing at random; that is, the missingness can be adjusted
for (i.e., explained) using the observed data. This assumption is
always untestable, but due to the large number of relevant covar-
iates in our linked data, we judged it to be reasonable in this
case. For completeness, we also present the results of the
analysis using complete cases in the supplementary information,
which we found to be similar to the findings following multiple
imputation.

In conclusion, our results show the impact of hip and knee
replacement on primary and hospital care and its predictors in
England. We highlight the differences in costs between the types
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of replacement and the significant impact of revisions and compli-
cations in individuals with osteoarthritis. Our results can be used
as inputs in future work assessing the cost and cost-effectiveness
of hip and knee replacement, and in particular to explore
heterogeneity between patient subgroups. Our findings will be
useful to commissioners, providers, and researchers interested
in the prevention and management of osteoarthritis.
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Association Between the Severity of Periodontitis
and Osteoarthritis in Middle-Aged and Older Patients
With Type 2 Diabetes Mellitus: A Nationwide
Population-Based Study

Hyoung-Sik Kim,1 Hye-Min Park,2 Haeyoung Kim,3 Hye Sun Lee,1 Da-Hye Son,1 and Yong-Jae Lee1

Objective. Periodontitis and osteoarthritis are major public health concerns that result in decreased quality of
life among middle-aged and older adults. We sought to examine whether the severity of periodontitis is related to
osteoarthritis according to the presence of type 2 diabetes mellitus.

Methods. This study included 3,527 participants age ≥50 years from the Korean National Health and Nutrition
Examination Survey. Periodontitis was assessed using the Community Periodontal Index; severe periodontitis
was defined as periodontal tissue forming deep periodontal pockets ≥6-mm depth. Osteoarthritis was defined as
Kellgren/Lawrence grade ≥2 on radiographic images of the knee or hip area with joint pain. The odds ratios (ORs)
and 95% confidence intervals (95% CIs) for osteoarthritis according to the severity of periodontitis, stratified by type
2 diabetes mellitus, were calculated using multiple logistic regression analyses.

Results. Participants with type 2 diabetes mellitus were more likely to have osteoarthritis as the severity of
periodontitis increased (nonsevere periodontitis OR 1.23 [95% CI 0.67–2.32]; severe periodontitis OR 3.01
[95% CI 1.51–5.84]) after adjusting for age, sex, body mass index, smoking status, alcohol consumption, regular
exercise, education level, household income, hypertension, and frequent tooth-brushing. However, this positive
association was not found in individuals without type 2 diabetes mellitus after adjusting for the same covariables.

Conclusion. Severe periodontitis was positively and significantly associated with osteoarthritis in middle-aged and
older individuals with type 2 diabetes mellitus. Our findings suggest that the oral inflammation manifesting in periodontitis
may be at least partly involved in the pathogenesis of osteoarthritis, particularly in patients with type 2 diabetes mellitus.

INTRODUCTION

Periodontitis is characterized by gingival inflammation

accompanied by the loss of periodontal connective tissue. Peri-

odontitis is a major oral disease worldwide and is known to

decrease chewing function and quality of life, leading to eventual

tooth loss with increased health care utilization (1). Emerging

studies have suggested that periodontitis is not solely the result

of local oral inflammation but is also due to systemic inflammation

related to atherosclerotic cardiovascular disease and type 2 dia-

betes mellitus (2). In South Korea, the prevalence of periodontal

disease was 23.9% among individuals age ≥19 years in 2010

according to the Korea Centers for Disease Control and

Prevention (3). Regarding the severity of periodontitis, a large-

sample study concluded that approximately 8.9% of adults in

the US have severe periodontitis (4), which is more prevalent in

individuals with type 2 diabetes mellitus than those without (5).
Osteoarthritis is characterized by the gradual loss of articular

cartilage and secondary subchondral bone changes, particularly

in the weight-bearing joints, owing to multifactorial pathophysiol-

ogy (6). According to research from the Centers for Disease Con-

trol and Prevention, approximately 240 million people worldwide

are affected by osteoarthritis, including >30 million in the US (7).

Data from the national surveys in South Korea reported that

the prevalence of knee osteoarthritis in people age ≥50 years

according to sex was 4.4% in men and 19.2% in women,
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respectively (8). Osteoarthritis is one of the leading causes of

physical disability and impairment in older adults and is a

major public health problem worldwide (9). The incidence of

osteoarthritis increases with age and is higher in individuals

with type 2 diabetes mellitus (10). While degeneration of carti-

lage is the main pathologic finding in osteoarthritis, emerging

evidence suggests that systemic low-grade inflammation is

closely related to the initiation and progression of

osteoarthritis (11). For example, as a source of metabolic

inflammation, obesity may increase cartilage loss and joint pain

by releasing adipokines and proinflammatory cytokines from

adipose tissue (12).
Since the bidirectional associations of type 2 diabetes

mellitus with periodontitis and osteoarthritis have been recog-
nized in previous studies (13,14), we can infer that there is
a relationship between periodontitis and osteoarthritis in dia-
betic patients. Thus, we conducted a cross-sectional study
to examine how the severity of periodontitis is related to oste-
oarthritis in accordance with the presence of type 2 diabetes
mellitus.

MATERIALS AND METHODS

Study population. This study was based on data obtained
from the 2008 to 2015 Korean National Health and Nutrition
Examination Survey (KNHANES), a cross-sectional and nationally
representative survey conducted by the Korean Ministry of Health
and Welfare (15). Household samples were randomly selected using
a stratified, multistage design based on age, sex, and geographic
area. Sampling weights were assigned to each individual to obtain
results representing the entire Korean population. Participants
responded to a 4-part questionnaire that included a health interview,
health behavior survey, health examination, and nutrition survey.
Participants were informed that they were randomly selected as a
household to voluntarily participate in a nationally representative
survey conducted by the Korean Ministry of Health and Welfare and
that they had the right to refuse to participate according to
the National Health Enhancement Act based on the National
Statistics Law of Korea for the 2008 to 2015 KNHANES. All study

participants provided their written informed consent. The KNHANES
was managed by the institutional review board of the Korea
Centers for Disease Control and Prevention (2010-02CON-21-C,
2011-02CON-06-C, 2012-01EXP-01-2C, 2013–07CON-03-4C,
2013-12EXP-03-5C, and 2015-01-02-6C) and conducted accord-
ing to the ethical principles of the Declaration of Helsinki. We
extracted 5,598 participants age ≥50 years whose data on peri-
odontal examinations and radiographic images were available from
the 2008 to 2015 KNHANES data sets. Among them, we excluded
participants who did not complete the health examination survey
and participants with other missing data (n= 2,071). Finally, the sam-
ple size of our study included 3,527 respondents of both sexes.

Data collection. According to standardized protocols,
anthropometric measurements were taken by trained medical
staff and all equipment was calibrated regularly, using the Asia-
Pacific regional guidelines of the World Health Organization
(WHO) and the International Obesity Task Force. We categorized
body mass index as follows: underweight (<18.5 kg/m2), normal
weight (18.5–22.9 kg/m2), overweight (23.0–24.9 kg/m2), and
obese (≥25 kg/m2) (16). In the health interviews, we collected data
on participant age, sex, health-related behaviors (e.g., cigarette
smoking, alcohol intake, and exercise), residential area, and occu-
pation using a self-reported questionnaire. Smoking status was
classified as never smoker, exsmoker, or current smoker. Alcohol
consumption was categorized according to frequency, regard-
less of the type of alcohol consumed. Current drinkers were
defined as those who consumed a mean of ≥7 units of alcohol
for men or ≥5 units for women at least 1 day per month over the
past year. Nondrinkers included those who never drink or who
consumed 1 or fewer glasses of alcohol per month over the
past year. Regular aerobic exercise was regarded as ≥20 minutes
of vigorous-intensity physical activity ≥3 days per week or
≥30 minutes of light or moderate-intensity physical activity ≥5 days
per week.

Household income was classified into the following 4 groups:
the lowest quartile, 2nd to 3rd quartile, 3rd to 4th quartile, and the
highest quartile. Education level was assessed according to
the number of years of schooling and classified into 4 categories
as follows: <7 years (elementary school), 7–9 years (middle
school), 10–12 years (high school), and ≥13 years (college or
higher). Participants with type 2 diabetes mellitus were identified
according to the use of insulin or other diabetes medications
or were diagnosed with a fasting blood glucose of ≥126
mg/dl. Hypertension was defined as a systolic blood pressure of
≥140 mm Hg, a diastolic blood pressure of ≥90 mm Hg, or the
current use of antihypertensive medication. Dyslipidemia was
defined as a triglyceride level of ≥150 mg/dl, a high-density
lipoprotein cholesterol concentration of ≤40 mg/dl for men
and of ≤50 mg/dl for women, or current use of antidyslipidemic
medications. Oral health-related behaviors included the fre-
quency of tooth-brushing, the use of floss, and the use of an

SIGNIFICANCE & INNOVATIONS
• The bidirectional associations of type 2 diabetes

mellitus with periodontitis and osteoarthritis have
been recognized in previous studies.

• Severe periodontitis was positively associated with
osteoarthritis in individuals with type 2 diabetes
mellitus.

• The oral inflammation manifesting in periodontitis
may be at least partly involved in the pathogenesis
of osteoarthritis, particularly in patients with type
2 diabetes mellitus.
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interdental brush. Frequent tooth-brushing was defined as brush-
ing occurring ≥2 times daily.

Definition of periodontitis. A periodontal examination
was performed for all study participants using the Community
Periodontal Index (CPI) scoring system of the WHO (17). Approx-
imately 20 grams of CPI probing force was applied to the

periodontal tissue pocket, according to the WHO guidelines (18).
To evaluate the condition of the periodontium, we used the CPI
for Treatment Needs, which is widely applied in large population
groups. Teeth were divided into sextants by number as follows:
1–5 (maxillary right posterior), 6–11 (maxillary anterior), 12–16
(maxillary left posterior), 17–21 (mandibular left posterior), 22–27
(mandibular anterior), and 28–32 (mandibular right posterior).

Table 2. Demographic and clinical characteristics of study participants in relationship to the presence of osteoarthritis and type 2 diabetes
mellitus*

With type 2 diabetes mellitus Without type 2 diabetes mellitus

Characteristic OA neg. OA pos. P OA neg. OA pos. P

Unweighted, no. (%) 1,451 (83.9) 324 (16.1) – 1,546 (89.2) 206 (10.8) –

Age, years 63.5 � 0.3 69.9 � 0.5 <0.001 59.6 � 0.2 64.9 � 0.7 <0.001
Female, % (SE) 42.3 � 1.4 84.5 � 2.3 <0.001 51.8 � 1.1 70.7 � 4.0 <0.001
Body mass index, kg/m2, % (SE) <0.001 0.047
Underweight (<18.5) 1.4 � 0.4 1.8 � 0.8 – 2.1 � 0.4 1.5 � 0.9 –

Normal (18.5–22.9) 30.1 � 1.5 18.6 � 2.7 – 36.6 � 1.4 29.7 � 3.9 –

Overweight (23.0–24.9) 24.2 � 1.3 17.6 � 2.4 – 28.4 � 1.4 24.9 � 3.1 –

Obese (≥25.0) 44.3 � 1.6 61.3 � 3.3 – 32.9 � 1.3 43.9 � 4.1 –

Current smoker, % (SE) 22.3 � 1.4 10.3 � 2.3 <0.001 17.4 � 1.1 12.8 � 3.8 0.031
Current drinker, % (SE) 29.6 � 1.8 16.1 � 3.1 <0.001 26.0 � 1.5 17.9 � 3.7 0.065
Regular exercise 36.1 � 1.4 32.6 � 3.3 0.330 33.3 � 1.4 31.4 � 4.0 0.668
Education <0.001 <0.001
Elementary school 43.9 � 1.6 82.9 � 2.8 – 33.3 � 1.8 59.4 � 3.8 –

Middle school 19.2 � 1.3 9.3 � 2.2 – 17.9 � 1.2 19.0 � 3.6 –

High school 25.5 � 1.4 6.6 � 1.8 – 32.4 � 1.7 18.9 � 3.4 –

≥College 11.4 � 1.0 1.3 � 0.6 – 16.4 � 1.4 2.7 � 1.1 –

Household income <0.001 0.001
Q1 (lowest) 31.9 � 1.6 56.0 � 3.7 – 21.8 � 1.5 36.7 � 3.8 –

Q2 28.1 � 1.6 20.5 � 2.7 – 24.0 � 1.5 24.7 � 3.3 –

Q3 22.2 � 1.3 13.8 � 2.9 – 25.0 � 1.4 19.0 � 3.1 –

Q4 (highest) 17.8 � 1.3 9.7 � 1.9 – 29.2 � 1.9 19.6 � 3.8 –

Hypertension, % (SE) 74.5 � 1.6 79.8 � 3.4 0.167 26.3 � 1.4 47.1 � 4.3 <0.001
Dyslipidemia, % (SE) 53.1 � 2.2 60.6 � 4.4 0.119 16.3 � 1.1 25.3 � 3.6 0.007
Cardiovascular diseases, % (SE) 17.8 � 1.7 16.6 � 3.3 0.746 3.0 � 0.5 3.0 � 1.0 0.974
Periodontitis assessed by CPI, % (SE) 0.035 0.466
0 (normal) 50.9 � 1.8 44.4 � 3.6 – 57.7 � 2.0 61.2 � 4.8 –

1–3 (nonsevere periodontitis) 33.7 � 1.6 32.3 � 3.5 – 28.4 � 1.8 29.3 � 3.9 –

4 (severe periodontitis) 15.4 � 1.2 23.3 � 3.4 – 13.9 � 1.4 9.5 � 3.2 –

Oral health-related behaviors, % (SE)
Frequent tooth-brushing 38.1 � 1.6 32.5 � 3.4 0.127 44.6 � 1.7 39.5 � 3.6 0.204
Use of floss 9.7 � 1.1 5.6 � 1.7 0.081 12.6 � 0.9 6.3 � 1.9 0.018
Use of interdental brush 20.3 � 1.5 9.1 � 1.9 <0.001 24.8 � 1.4 15.2 � 3.0 0.012

* Values are themean � SE of themean, unless indicated otherwise. CPI= Community Periodontal Index; neg.= negative; OA= osteoarthritis;
pos. = positive; Q = quartile.

Table 1. Community Periodontal Index (CPI) score for periodontitis and Kellgren/Lawrence (K/L) grade for
osteoarthritis based on radiologic findings

CPI score
0 Healthy periodontal tissue
1 Bleeding periodontal tissue when observed with the eye and a dental mirror
2 Periodontal tissue with plaque
3 Periodontal tissue forming a shallow periodontal pocket with depth of 4–5 mm
4 Periodontal tissue forming deep periodontal pockets with depth of ≥6 mm

K/L grade
0 No radiologic findings of osteoarthritis
1 Doubtful: questionable joint space narrowing or possible osteophytic lipping
2 Minimal: definitive small osteophytes, minimal/mild joint space narrowing
3 Moderate: definitive moderate multiple osteophytes, joint space narrowing of at least 50%
4 Severe: large osteophytes, severely impaired joint space, subchondral bone cysts, and sclerosis
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The depth of periodontal pockets was measured from selected
index teeth (2, 3, 8, 14, 15, 18, 19, 24, 30, and 31, in that order).
Trained dentists performed the examinations and assigned
CPI scores from 0 to 4 (Table 1) (19). In our study, nonsevere
periodontitis was indicated with a CPI score of 1 to 3 and severe
periodontitis with a CPI score of 4 in at least 1 site. Themean kappa
index for interrater reliability of periodontitis was κ = 0.871 (20).

Definition of osteoarthritis. Radiographic examinations
of the knee and hip were performed using an SD 3000 Synchro
Stand instrument (Accele Ray, Shinyoung). Weight-bearing ante-
roposterior, bilateral anteroposterior, and lateral plain radiographs
were taken to assess the knees, while anteroposterior and bilat-
eral plain radiographs were obtained to evaluate the hip. All radio-
graphic images were graded from 0 to 4 points by 2 specialized
musculoskeletal radiologists using the Kellgren/Lawrence (K/L)
grading system (Table 1) (21). If there was a discrepancy of
1 grade between the 2 radiologists, the higher K/L grade was
accepted. If the difference was >1 grade, the case was referred
to a third radiologist and the grade of the first 2 most consistent
with the third grade suggested was accepted. Knee/hip joint pain
was self-reported using the question, “Have you experienced
knee/hip pain for 30 or more days over the past 3 months?” In
our study, osteoarthritis was defined as the presence of K/L grade
on radiographic images, in either the knee or hip area, with pain
for >30 days over the past 3 months.

Statistical analysis. In this survey, the sampling units were
households selected through a stratified, multistage, probability-
sampling design based on geographic area, sex, and age group.
The sample weights were constructed for sample participants to
represent the Korean population by accounting for the complex
survey design, survey nonresponse, and poststratification.

Therefore, in statistical analysis, we applied sampling weights to
account for complex sampling. Because of the survey’s charac-
teristics, we presented the results as mean � SE of the mean or
proportion � SE of the proportion. Differences in clinical charac-
teristics were compared using a weighted t-test for continuous
variables and the weighted Rao-Scott chi-square test for categor-
ical variables. The odds ratios (ORs) and 95% confidence intervals
(95% CIs) for osteoarthritis according to the severity of periodon-
titis, stratified by type 2 diabetes mellitus, were calculated using
multiple logistic regression analyses. For this analysis, variables
with a P value less than 0.2 in the univariate analysis and clinically
important variables were entered. All analyses were conducted
using SAS statistical software, version 9.4. All statistical tests
were 2-sided and statistical significance was set at P value less
than 0.05.

RESULTS

Table 1 illustrates the CPI score for periodontitis and the K/L
grade for osteoarthritis based on the radiologic findings. Table 2
shows the demographic and clinical characteristics of study par-
ticipants in relation to the presence of osteoarthritis and type 2
diabetes mellitus. The mean age and the proportions of female
sex and obesity were higher, whereas the proportion of current
smokers, the socioeconomic status manifested by household
income, and the educational level were lower in the osteoarthritis
group, regardless of type 2 diabetes mellitus. The frequency of
both hypertension and dyslipidemia was higher in the osteoarthri-
tis group without type 2 diabetes mellitus. Regarding oral health-
related behaviors, individuals without osteoarthritis tended more
often to use an interdental brush and dental floss, regardless of
type 2 diabetes mellitus. Concerning the severity of periodontitis
assessed using the CPI, the proportion with severe periodontitis

Figure 1. Proportion of osteoarthritis according to the severity of periodontitis using the Community Periodontal Index.
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was significantly higher in the osteoarthritis group with type 2
diabetes mellitus.

Figure 1 shows the proportion of osteoarthritis according to
the severity of periodontitis using the CPI. We determined that
the proportion of osteoarthritis increased significantly according
to the severity of periodontitis in individuals with type 2 diabetes
mellitus.

Table 3 shows the results of multiple logistic regression
analyses, which were conducted to assess the odds of predicting
the presence of osteoarthritis according to the severity of
periodontitis. Compared with individuals with type 2 diabetes
mellitus without periodontitis, the OR for osteoarthritis in individ-
uals with severe periodontitis and type 2 diabetes mellitus was
3.01 (95% CI 1.51–5.84) after adjusting for age, sex, body mass
index, smoking status, alcohol intake, physical exercise, employ-
ment, household income, hypertension, and frequent tooth-brushing

DISCUSSION

In this cross-sectional study performed using a nationally
representative sample of Korean adults, periodontitis was signifi-
cantly associated with osteoarthritis in patients with type 2 diabe-
tes mellitus, after adjusting for potential confounding variables.
Our results are consistent with those of previous studies showing
that individuals with periodontitis are more likely to have a higher
prevalence of knee osteoarthritis than that in healthy controls
(20). Kim et al reported that the adjusted OR for knee osteoarthri-
tis was 1.47 (95% CI 1.17–1.85) in participants with severe peri-
odontitis (defined as a CPI score of 4) among 7,969 Korean
adults age ≥50 years. However, in their study, type 2 diabetes
mellitus was not fully considered by presenting separate data on
type 2 diabetes mellitus in multivariate analysis. As shown in the
current study, there was a significant difference apparent in the
prevalence of osteoarthritis according to the presence of type
2 diabetes mellitus. Moreover, our study revealed that positive
associations between periodontitis and osteoarthritis can be
especially applicable in patients with diabetes mellitus.

The exact mechanism by which periodontitis is associated
with osteoarthritis is not well-known, but several possible expla-
nations for the association deserve consideration. Inflammation
of the oral cavity due to periodontitis could influence the develop-
ment and progression of osteoarthritis via several virulence

factors. Recent evidence has suggested that, in addition to the
mechanical burden on the joint, reactive oxidative stress and
low-grade chondrocyte inflammation are involved in the progres-
sion of osteoarthritis (22,23). Periodontitis originates from the for-
mation of a dysbiotic biofilm that triggers host inflammatory
responses through the expression of inflammatory cytokines
(24). The oral and joint cavities are distant organs but could be
linked via systemic inflammatory responses. Periodontal patho-
gens such as Porphyromonas gingivalis might spread to joints
through the bloodstream, and the same bacterial DNA has been
found in the periodontal tissue and synovial fluid of patients with
osteoarthritis (25).

Hematogenous inoculation by periodontal bacteria may con-
tribute to joint inflammation and damage. Both periodontitis and
osteoarthritis are mediated by proinflammatory cytokines such
as interleukin (IL)-6 and tumor necrosis factor (TNF) (6,26).
Emerging evidence supports the idea that low-grade inflamma-
tion is closely related to the initiation and progression of periodon-
titis and osteoarthritis. Kwon et al reported that leukocyte count, a
nonspecific marker of systemic inflammation, was elevated in the
presence of periodontitis in 9,391 Korean adults (27). Levels of
proinflammatory cytokines such as IL-6 and TNF are elevated in
the synovial fluid and cartilage of patients with osteoarthritis (6),
while chronic cytokine elevation is associated with an increased
risk of osteoarthritis, according to a prospective study (11). These
proinflammatory cytokines upregulate inflammatory responses
and inhibit the synthesis of proteoglycan and type II collagen in
chondrocytes (28). Thus, chronic systemic inflammation may be
a process that can elucidate the systemic effects of periodontitis
on the pathogenesis of osteoarthritis through a chain cascade.

Another noteworthy finding in our study was that there were
differences in the association between periodontitis and osteoar-
thritis according to the presence of type 2 diabetes mellitus. Type
2 diabetes mellitus is an important risk factor associated with both
the development of periodontitis and osteoarthritis (5,29).
Whereas many factors are known to contribute to the develop-
ment of diabetes mellitus, emerging evidence has suggested that
diabetes mellitus is increasingly viewed as an inflammatory dis-
ease (30). In this regard, the inflammatory cascades from the oral
cavity to joint tissue might be augmented predominantly through
systemic inflammation in patients with type 2 diabetes mellitus.
In line with the view of insulin resistance and low-grade

Table 3. Odds ratios for osteoarthritis according to the severity of periodontitis*

Periodontitis assessed by CPI Type 2 diabetes mellitus No type 2 diabetes mellitus

0 (normal) 1.00 (ref.) 1.00 (ref.)
1–3 (nonsevere periodontitis) 1.23 (0.67–2.32) 0.99 (0.61–1.61)
4 (severe periodontitis) 3.01 (1.51–5.84) 0.77 (0.37–1.62)

* Multiple logistic regression analysis included age, sex, body mass index (underweight, normal weight, over-
weight, and obese), smoking status (nonsmoker, exsmoker, and current smoker), alcohol consumption, regu-
lar exercise, education level, household income, hypertension, and frequent tooth-brushing. CPI= Community
Periodontal Index; ref. = reference.
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inflammation, a recent systematic review involving 7 eligible stud-
ies on osteoarthritis failed to demonstrate significant associations
with metabolic syndrome, but most of the included studies
adopted cross-sectional designs, with only partial adjustments
made for potential confounding variables (31).

Some limitations should be acknowledged regarding the
interpretation of the current study findings. First, this was a cross-
sectional study, so we cannot infer a causal relationship between
periodontitis and osteoarthritis. Further prospective research is
warranted to elucidate any positive correlations between peri-
odontitis and osteoarthritis. Second, as we included only mem-
bers of an East Asian population, the results may not be
generalizable to other ethnic groups. In addition, due to the nature
of the secondary KNHANES data set, some possible residual con-
founding factors regarding the characteristics of osteoarthritis
pain, synovial inflammatory markers such as IL-6, and diet quality
were not included in themultiple logistic regression analysis model.

Despite these potential limitations, our results can be
generalized to the entire Korean population by applying complex
sampling design analysis. In addition, we used an objective tool
to detect osteoarthritis in the knee and hip joints on the basis of
both radiologic findings and osteoarthritis-related symptoms.

In conclusion, we found that severe periodontitis was posi-
tively and significantly associated with osteoarthritis in individuals
middle-aged and older with type 2 diabetes mellitus. Our findings
suggest that oral inflammation manifesting in periodontitis may be
at least partially involved in the pathogenesis of osteoarthritis,
particularly in patients with type 2 diabetes mellitus.
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Patient Perspectives Surrounding Intraarticular Injections
for Knee Osteoarthritis: A Qualitative Study

Nora K. Lenhard,1 Emma E. Williams,1 Emma C. Lape,1 Lindsey A. MacFarlane,2 Elena Losina,3

and Jeffrey N. Katz2

Objective. Intraarticular (IA) injections are used frequently for knee osteoarthritis (OA), but little is known about
patients’ attitudes toward these therapies. We aimed to better understand patients’ perceptions of the facilitators of
and barriers to IA injections for knee OA.

Methods. We conducted a qualitative, descriptive, exploratory study and held focus groups and individual inter-
views with participants with knee OA, including some who had and some who had not received IA injections. We con-
ducted a thematic analysis to identify themes describing the factors that participants found influential when deciding
whether to try an IA injection.

Results. We held 3 focus groups with 12 participants and conducted 3 individual interviews (15 participants total).
We identified the following 4 themes that shaped participants’ decisions to receive a specific injection: 1) the impact
of OA on participants’ lives; 2) participants’ attitudes and concerns, including desire to avoid surgery, willingness to
accept uncertain outcomes, and concerns about side effects and dependence; 3) the way participants gathered and
processed information from physicians, peers, and the internet; and 4) the availability of injectable products. Participants
weighed the desire to regain function and delay surgery with concerns about side effects, uncertain efficacy, and costs.

Conclusion. Participants were concerned about the effectiveness, toxicity, availability, and cost of injectable prod-
ucts. They balanced disparate sources of information, uncertain outcomes, limited product availability, and other
injection-related concerns with a desire to decrease pain. These findings can provide clinicians, investigators, and pub-
lic health professionals with insights into challenges that patients face when making injection decisions.

INTRODUCTION

Knee osteoarthritis (OA) is a painful, disabling condition

affecting >14 million Americans (1). Presently, there are no

disease-modifying therapies approved for clinical use that slow

the progression of knee OA, a chronic condition; consequently,

treatment is aimed at managing symptoms. Patients typically

progress through a variety of treatments, including nonsteroidal

antiinflammatory drugs (NSAIDs), physical therapy, and intraartic-

ular (IA) injections, before considering total knee replacement

(TKR) (2). Many products can be delivered intraarticularly, includ-

ing glucocorticoids, hyaluronic acid (HA) derivatives, and platelet-

rich plasma (PRP). While professional societies recommend the

use of glucocorticoid injections based on their efficacy (2), recom-

mendations for HA and PRP injections conflict (2,3), and studies

show variable efficacy (4,5). Glucocorticoid injections reduce

inflammation; HA and PRP injections work by different mecha-

nisms that are not fully understood, although HA is a component

of healthy cartilage, and PRP contains potent growth factors (6).

While there are scant data on utilization of IA injections,

one study among patients who had undergone TKR found that

29% had received a glucocorticoid injection and 6% an HA injec-

tion in the year prior to surgery (7).
While the number of injectable treatment options for knee OA

has increased, little is known about factors that patients consider

when making decisions about IA injections. Qualitative research is
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well suited to examine patient preferences and experiences, as it
allows patients to share their points of view and experiences. Prior
qualitative studies focused on OA have examined the experience
of living with OA (8,9), patients’ considerations of OA treatments
(10), and decision-making surrounding total joint replacement
(9). We are not aware of prior qualitative studies focused on
injection therapies. We conducted focus groups and individual
interviews with knee OA patients with the aim of better under-
standing the factors that patients consider when choosing
whether to undergo a specific injection.

PATIENTS AND METHODS

Design. We conducted a qualitative, descriptive, explor-
atory study to better understand participants’ experiences with
injection-related choices. We included participants who had and
had not received prior injections in order to better understand
facilitators and barriers from different perspectives. We con-
ducted a thematic analysis, which involves identifying and inter-
preting patterns of meaning (“themes”) in qualitative data (11).
We utilized an inductive approach, in which we developed themes
from the data (rather than a deductive approach, in which data are
interpreted according to prespecified theory) (12). We view con-
cordance of findings across focus groups led by different inter-
viewers, and across focus groups and individual interviews, as
evidence of the validity of the findings.

Participants. We searched the Brigham and Women’s
Hospital (BWH) electronic medical record for patients with a knee
OA diagnosis who were seen by selected rheumatologists and
sports medicine physicians for knee OA between January 2018
and January 2019. To meet inclusion criteria, subjects had to live

within 60 miles of BWH (as individuals who live farther away are less
likely to participate), have a knee radiograph from the past 5 years,
have evidence of cartilage damage or osteophytes on imaging, and
have reported knee pain within the past 4 weeks. We excluded per-
sons who had inflammatory arthritis, were claiming workers’ com-
pensation, or did not speak English. We sent letters inviting
potentially eligible subjects to participate and then called subjects
to gauge interest and assess eligibility. We obtained verbal consent
of those interested and eligible to participate.

To characterize the demographic and clinical status of partic-
ipants, we obtained data on age, sex, radiographic score
(Kellgren/Lawrence grade), symptom duration, history of injection
use, and pain severity. To assess pain severity, we asked 3 ques-
tions from the Knee Injury and Osteoarthritis Outcome Score Pain
Scale (pain with walking, going up or down stairs, and standing
upright, each rated from none [0] to extreme [4]). We summed
these ratings, yielding a scale with possible range from 0 to 12.
The Partners HealthCare Human Subjects Committee approved
the study protocol.

Data collection. We conducted focus groups and individ-
ual interviews with subjects who were unable to attend the focus
groups. The focus groups were conducted by pairs of modera-
tors (ECL and EL, NKL and ECL, and ECL and EL for the 3 groups,
respectively), including a biostatistician (EL) and 2 research assis-
tants (NKL and ECL). None of the moderators had previous con-
tact with study participants. The individual interviews (conducted
by NKL and ECL) added to the data’s richness by including per-
spectives of participants who otherwise would not have been able
to attend. The focus groups and interviews followed a modera-
tors’ guide that probed participants’ perceptions of the facilitators
of and barriers to injections (Table 1). The moderators’ guide was
developed collaboratively by a group that included physicians, a
biostatistician, and research assistants, all of whom had clinical
and/or research experience with knee OA. Participants were
compensated with a $25 Amazon gift card and dinner. All focus
groups and interviews were audiorecorded and transcribed ver-
batim by Landmark Associates (thelai.com).

Thematic analysis. We analyzed the transcript data
according to the thematic analysis procedures demonstrated in
a study by Braun and Clarke (12). Investigators reviewed and dis-
cussed transcript data throughout the data collection process.
We concluded recruitment once we felt that the transcripts were
sufficiently rich to address the study’s goals (13). This point, at
which no new themes are generated, is often referred to as the-
matic saturation.

Three investigators (NKL, EEW, and LAM) read the transcripts
to familiarize themselves with the data. These investigators then
developed a coding scheme by labeling 1 of the focus group tran-
scripts with codes (words or short phrases) that described the
most basic segments of data relevant to the guiding questions,

SIGNIFICANCE & INNOVATIONS
• Many intraarticular (IA) injectable products are

available for knee osteoarthritis (OA), but little is
known about the factors patients consider when
deciding whether to receive an injection or which
particular injectable product to use.

• Participants with knee OA noted that a variety of
factors (including the impact of OA on their lives,
their attitudes and concerns, the way they gathered
and processed information about injection options,
and the availability of certain products) shaped the
decisions they made surrounding injections.

• Participants raised various concerns about IA injec-
tions, including their efficacy, the specific content of
the injection and potential damage or side effects
that these substances might cause, and out-of-
pocket costs. Our findings suggest that itmay be use-
ful for clinicians to help patients navigate these con-
cerns during shared decision-making discussions.
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including “What factors facilitate patients’ decisions to receive an
injection?” and “What factors serve as barriers?” Once the
3 investigators came to a consensus about the coding scheme,
one investigator (EW) coded the rest of the transcript data using
Dedoose, a qualitative analysis software (Dedoose.com).

In the next phase of analysis, investigators reviewed the cod-
ing scheme and read different portions of the transcripts to gener-
ate themes. Themes express broader patterns in the data by
grouping individual codes and describing the relationships
between these codes, as well as their relationship to the guiding
question (12). This analytic phase produced a thematic scheme,
which consists of a list of themes, subthemes, explanatory state-
ments describing each theme’s connection to the guiding ques-
tions, and supporting quotations. We created a thematic map
portraying the relationships between themes (Figure 1). All

investigators reviewed the themes to ensure that they were dis-
tinct and accurate and approved the thematic scheme and map.

RESULTS

Participants. We sent invitation letters to 106 potentially
eligible subjects. Fifteen individuals chose to participate, 43declined,
and the remainder were ineligible (3 individuals), could not be
scheduled or did not attend their scheduled group (12 individuals),
or were unable to be reached (33 individuals). We conducted
2 focus groups involving 12 subjects (with 5 participants in 2 of the
groups and 2 participants in 1 group) and 3 individual interviews.
Participant characteristics are described in Table 2. The focus
groups lasted 70–80minutes, and interviews lasted 21–30minutes.

Table 1. Questions included in the moderators’ guide

Topic Questions

Strategies for managing pain What do you do to relieve your pain?
Attitudes toward new
treatments

Can you recall a time when your healthcare provider offered you a new treatment for your
knee osteoarthritis?

Think about your level of pain and ability to do your daily activities over the past month.
Given that current state, would you consider trying a new treatment? Why or why not?

What kind of things would you consider when thinking about a new treatment? What
information would you like to have before trying it?

What kind of benefits would you hope for? What risks would be acceptable or unacceptable to
you?

Perceptions of intraarticular
injections

Tell us what you know or have heard about injection treatments for knee osteoarthritis.
What kind of benefits would you expect to see? What kind of risks or side effects could

result?
Would you expect an injection to provide more relief than a medication you take by mouth

or topical medication?
What comes to mind when you picture an injection? Does that mental image trigger any

fear or anxiety for you?
What concerns, if any, do you have about injection treatments?*
Do you have any reservations about the experience of being injected (pain, using a needle,
etc.)?*

Are you concerned about the costs of the injection (copays or paying out of pocket)?*
What kind of benefits would you expect to see after an injection?*

How long would you expect the benefits to last?
Did you have any concerns that the injection might cause any harms or side effects? If so,
where did you hear about potential risks?*

Have you heard about injection treatments from others (friends or family) who also have knee
osteoarthritis?*

If you have had an injection, please tell us about that experience. Did it go how you expected,
or was it different?†

What concerns, if any, did you have before your injection? What made you able to overcome
these concerns?†

What prompted you to seek additional treatment?†
How long did you expect the benefits to last?†
Did the experience make you more or less comfortable about the idea of having an injection in
the future? Why?†

Considering the options What questions would you ask your doctor if you were considering having an injection?
Imagine that a friend is considering having an injection for her knee osteoarthritis. What
would you advise her?

Imagine that your doctor is telling you about how long the pain relief will last after an
injection treatment. How would you react if the pain relief lasted 1 month? 3 months? 6
months? Would that change your decision whether or not to have the treatment?

What characteristics would make something the ideal pain management strategy for you?

* For those who have not received injections.
† For injection recipients.
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Thematic analysis. We identified 4 themes and 22 sub-
themes (Figure 1). In the following section, we present the
themes, subthemes, and supporting data. Themes and selected
quotes are summarized in Table 3; the complete thematic
scheme is available (see Supplementary Table 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24477/abstract). The following were the
4 themes: impact OA has on participants’ lives; participants’ atti-
tudes and concerns about injections; ways in which participants

gathered and processed information about injections; and avail-
ability of and access to different injectable products.

Theme 1: impact OA has on participants’ lives. The extent to
which OA impacted participants’ lives influenced their willingness
to try different IA therapies.

Subtheme 1: activity limitations. Participants were frustrated
by the limitations that OA placed on valued activities. The desire
to regain function and return to these activities provided a ratio-
nale for trying an injection.

“I was just so desperate to get back to functional. I was
missing work… I wanted to run again. I was just feeling very
defeated in my daily life, and I wanted to get back to
functionality.”

Some subjects felt that injections provided them with the
opportunity to participate in special events.

“I know [the Boston Marathon is] comin’ up, so I’ll… come
in and get the shots so I have a tune-up for my knees and I
can run.”

Subtheme 2: disease severity. OA severity influenced the
treatments subjects considered viable options. Injections were
viewed as less appropriate for severe OA because surgical inter-
vention would better address the underlying problem.

“Until [the injection] doesn’t work—because I’m sure that if
the disease progresses, at some point that doesn’t work
anymore. Then I think that an injection is a temporary aid
before you have surgery.”

Table 2. Demographic and clinical characteristics of focus group
and interview participants*

Characteristic Value

Female sex 13 of 15
Age, median (range) years 61 (44–81)
Pain rating, median (12-point pain scale) 3 points
Distribution of pain ratings (12-point pain scale)
1–3 points 8
4–6 points 3
≥7 points 4

Duration of knee pain
1–3 years 3
>3 years 12

K/L grade
1 1
2 3
3 5
4 6

No. of prior intraarticular injections
0 4
1–2 3
≥3 8

* Values are the number of participants unless indicated otherwise.
K/L = Kellgren/Lawrence scale for scoring radiographs.

Figure 1. Thematic map visually depicting relationships between themes and subthemes identified through thematic analysis.
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Table 3. Themes, subthemes, and selected supporting data identified through thematic analysis

Theme or subtheme Supporting text from transcripts

Theme 1: impact OA has on
participants’ lives

Activity limitations “Since I’ve had my injections and for maybe 2 months after they really kicked in, I really am not as limited
I’m back to running…I don’t have those episodes where my knee suddenly just says I’m in charge. Not
like I was having a year ago.” (Subject 1, 50-60 years old, prior injections)

Injection prior to event† “If I had a cruise coming up andmy knee was acting up the week before I would be like, ‘Please, inject this
before I get on the ship,’ so that I can walk, and talk, and dance my way around.” (Subject 13,
70–80-year-old woman, no prior injections)

Disease severity “Some people rave over it, and other people, they have advanced arthritis. That isn’t gonna help them,
‘cause they need more than that, but it does work for some people.” (Subject 13, 70-80-year-old
woman, no prior injections)

End-stage disease lessens fear† “I’m like how worse can it be? I’m already bone-on-bone with bone spurs. There’s nothing there. I mean
the injections provide the cushion to keep me going for a few months, until I get another one. How
much worse can it get?” (Subject 4, 50-60-year-old woman, prior injections)

Prior treatment failure “I can do the Tylenol and the nonsteroidals when it’s acting up…[but] today I have the worst knee pain
I’ve ever had, so if somebody was giving me an injection today I’d be like, ‘Where? Sign me up. Sign me
up’, because it was killing me…I’ve taken double dose [of] nonsteroidals and Tylenol so I could get
myself in here.” (Subject 13, 70-80-year-old woman, no prior injections)

Theme 2: attitudes and concerns
about injections

Acceptance of uncertainty “[My doctor] said it’s different for different people. Some people, they could last anywhere from 2 to 3
months. Other people say they get no relief to maybe a week or so, and that was it. She would not be
able to tell me definitively how long it would work, or if it would even work.” (Subject 4, 50–60-year-old
woman, prior injections)

Nothing-to-lose attitude† “If it was 50/50, I’d give it a shot…What do you got to lose?” (Subject 10, 60–70-year-old man, prior injections)
Desire to avoid or delay surgery “I’m probably gonna go and have a series of gel injections…to me, it would be worth it rather than going

straight into surgery.” (Subject 6, 80-90-year-old woman, prior injections)
Desire for quick and lasting pain
relief

Interviewer 1: “How would you define a success?”
Subject: “Pain free.” (Subject 10, 60–70-year-old man, prior injections)
“The expectation was that I probably would have to keep on gettin’ [injections].

Fear of dependence That’s what it was. I don’t wanna depend on that.” (Subject 15, 40-50-year-old woman, no prior injections)
Fear of injections “Thinking of the idea of an injection is—that’s tough to get over. It really is.”

(Subject 6, 80-90-year-old woman, prior injections)
Aversion to “foreign” vs. “natural”
injectables

“I also like the fact that it was my own juice going back in me.” (Subject 2, 70-80-year-old man, prior injections)

Healing vs. damaging nature of
injectable†

“Well, I don’t want anything that’s gonna causemore damage, and I think the steroids aren’t gonnamake
my knee better.” (Subject 13, 70-80-year-old woman, no prior injections)

Duration of relief “Forget about a month [of pain relief], 6 months doesn’t sound too good to me either, but it’s possible
depending on what I’m going through. I like the idea of a year or 2.” (Subject 7, 60-70-year-old woman,
no prior injections)

Temporary relief insufficient† “I do it this way, it’s gonna help for a matter of time. I want you to do somethin’ [so that] it ain’t gonna
come back. I don’t want it to come back.” (Subject 15, 40-50-year-old woman, no prior injections)

Fear of side effects “I mean you watch those commercials on TV and the guy’s speaking so fast with all the potential side effects.
I’m like I’d rather live with that disease than all the side effects.” (Subject 1, 50-60 years old, prior injections)

Systemic spread of injectables† “I think themain thing that would give me pause would be a high risk of allergic reaction. You get this now
injected into your body…you [could] have a systemic allergic reaction.” (Subject 3, 40-50-year-old
woman, prior injections)

Systemic effect of oral medication† “I manage it with Mobic a few times a week. I would be more comfortable if it took it every day, but my
blood pressure would be higher, so I try to only take it when I really need it.” (Subject 13, 70-80-year-old
woman, no prior injections)

Theme 3: information gathering
and processing

Extent of treatment consensus
among physicians

“One of the things that I would really like from my doctor is like a lot of this is—it’s evidence-based, but
it’s not 100 percent guarantee, right? Boston has one approach. I have friends that live in Utah, and
that’s a different approach. People in New York have a different approach. It feels like it’s not
objective.” (Subject 1, 50-60 years old, prior injections)

Extent of physician guidance “Yeah, talking to other people, [they] have had different [experiences], so everybody is not the same. You
just listen to [the doctor], and he’s the expert and go with what he says, if it doesn’t involve a needle.”
(Subject 14, 70-80-year-old woman, no prior injections)

Physician’s recommendation† “[My doctor] offered a steroid injections, but also, again, talked to me about the side effects of steroids, and
she offered me both the Synvisc and the Euflexxa for the hyaluronic acid. I forget why she told me she
thought the Euflexxa would be better…but I think she told me the Euflexxa would be what she would
recommend of the two. I went with the Euflexxa.” (Subject 3, 40-50-year-old woman, prior injections)

(Continued)
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On the other hand, having end-stage disease reduced fears
about negative effects. Participants’ sense that the joint could not
deteriorate further made them more willing to try new injectables.

“How much worse can it be? I’m already bone-on-bone
with bone spurs. There’s nothing there. I mean the injec-
tions provide the cushion to keep me going for a few
months, until I get another one.”

Theme 2: attitudes and concerns about injections.
Participants expressed a variety of attitudes and concerns that
appeared to influence their willingness to try an injection.

Subtheme 3: acceptance of uncertainty. Some participants
understood that response to an injection is variable and were will-
ing to gamble on trying a new one.

“I think all they can really do is give you the statistics behind
the science. You either decide to go for it or you don’t.”

Some participants described feeling that they had nothing to
lose after other treatments failed.

“At that point, I said, ‘Why not give it a try, because I’m not
ready for surgery yet, so why not’?”

Subtheme 4: desire to avoid or delay surgery. The possibility
of delaying or avoiding TKR increased many participants’ open-
ness to IA injections.

“My understanding of the surgery is that basically for 3 to
6 months, it’s really not much fun…I’m 74. I don’t know
how many 3-6 monthers I have…. Do I wanna take one
of those chunks and ensure that I’m miserable with no
guarantee that I’ll be really much better than I am now,
afterwards?”

Subtheme 5: desire for quick and lasting pain relief. Partici-
pants varied in the degree of pain relief they expected from a suc-
cessful injection; some defined success as total pain relief and
some as rapid relief.

“Well, basically, for quick relief, that would be what I would be
expecting… and if it didn’t show quick relief, there would be
no more… [Quick] is within a four-hour period.”

Subtheme 6: fear of dependence. Some participants
chose injections to avoid dependence on NSAIDs or opioids,
while others were concerned about becoming reliant on
injections.

Table 3. (Cont’d)

Theme or subtheme Supporting text from transcripts

Anecdotal vs. scientific evidence “I would talk to the doctor, and if the doctor wasn’t readily available, in the meantime I would probably
use the internet. There’s so much information out there.” (Subject 13, 70-80-year-old woman, no prior
injections)

Accuracy of injection location “[I would like] ultrasound to guide [the] location of where to place it. Hopefully that’s helpful so they do
get the right spot.” (Subject 10, 60-70-year-old man, prior injections)

Procedure explanation “I was at my primary over at the [hospital], and told her, and she said gonna try the shot right then and
there. I don’t know what it was. It hurt. It didn’t do a thing.” (Subject 5, 70-80-year-old woman, prior
injections)

Treatment mechanism “It’s a mechanical problem and how’s it gonna be fixed? That’s why I think I’m looking for a cushion of
some kind, that would be absolutely ideal if you could just inject it and have it puff out.” (Subject 6,
80-90-year-old woman, prior injections)

Treating pain vs. mechanical
symptoms†

“I would want a cushioning, that’s all I want, so it wouldn’t grind and scrape. I think that’s what causes the
pain more than anything else.” (Subject 6, 80-90-year-old woman, prior injections)

Out-of-pocket costs “I certainly didn’t want to continue to pay out-of-pocket for something that may or may not work.
That’s how I ended up on the cortisone for like 7 years.” (Subject 8, 40-50-year-old woman, prior
injections)

Theme 4: availability and access issues
Limited effectiveness of
injectables

“I’ve been given—usually, they introduced to me the gel injection that I told you. I was excited that it was
gonna work. I did it twice and didn’t do much for me, not even for a little bit. The cortisone injection
didn’t do much either. I didn’t have any good experience about any of it so far.” (Subject 11,
40-50-year-old woman, prior injections)

Variation in product availability “I think my doctors are pretty conservative, because they didn’t wanna do—they really didn’t even offer
me anything other than steroids and surgery.” (Subject 1, 50-60 years old, prior injections)

Availability of alternate providers “I did seek out a doctor that did PRP based on the recommendation of my physical therapist because
he…he’s a professional and well-versed. He said it doesn’t really happen a lot around here, so you
might find that it’s new to this area. He helped me find some doctors that did it and went from there.”
(Subject 8, 40-50-year-old woman, prior injections)

Differences in insurance coverage “In my case, my insurance wouldn’t cover it even though I have good insurance. I was shocked.” (Subject
10, 60-70-year-old man, prior injections)

* PRP = platelet-rich plasma.
† Subthemes.
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“I used to go through the big jug [of Advil], which isn’t really
healthy either, to be eating ibuprofen all the time.”

“I mean, then you’re a slave to [injections] too, and you
can’t use [them] that often.”

Subtheme 7: fear of injections. The size of the needle and
pain associated with the injection deterred a few participants.

“I never had an injection ’cause I’m scared. No, that needle
was too big.”

Subtheme 8: aversion to “foreign” versus “natural” inject-
ables. Some participants expressed a preference for products
they perceived as “natural,” such as hyaluronic acid (HA) or
platelet-rich plasma (PRP), over those they considered synthetic,
such as glucocorticoids. Steroid-based products were viewed
as more likely to damage the joint.

“[For] the Orthovisc, I thought, ‘Well, maybe this one’s bet-
ter because it’s more natural.’”

“I did not want straight steroid injections, because I know
that steroids impede healing… When the hyaluronic acid
was introduced, I did a little research on it and learned that
it’s something we make ourselves anyway.”

Subtheme 9: duration of relief. The expected duration of pain
relief was an important factor, especially in relation to cost. The lon-
ger the benefits lasted, the more favorably participants viewed it.

“Definitely the longer it lasts, the better…I was not prepared
for a $90 co-pay for the med, and then 3 visits at $15 co-
pays a piece… If I had to do that multiple times a year, I’d
probably have it be a little different. The durability for me is
important.”

Some participants viewed the temporary relief offered by
injections as an indication that they were masking deeper prob-
lems by temporarily relieving symptoms.

“I mean, if you’re in that much pain, you need surgery, in
my opinion. It’s like taking a band-aid. It’s only gonna give
you short-term relief. It doesn’t fix the problem.”

Subtheme 10: fear of side effects. Many participants
expressed concerns about side effects, including flare-up and
joint damage.

“I would be a little concerned as to what wear and tear it
would do to the joint or what wear and tear it would do trav-
eling through the tissue.”

The potential for systemic spread of the injectable or a sys-
temic reaction concerned participants. At the same time, some
expressed concerns about the systemic effects of NSAIDs or
had contraindications to NSAIDs and saw injections as a more
targeted solution.

“I’m wondering more, does it go into the bloodstream?
How do they know they’re getting that cavity in your knee
and not hitting an artery?”

“…pills don’t differentiate. A pill goes in your system and I
don’t need it in my shoulders. I just need it in my knee. An
injection is—it goes right to the issue.”

Subtheme 11: prior treatment failure. Participants expressed
greater desire to try injections when their previous treatments
failed.

“That’s when I usually run in and get injections, because it
just hurts so bad. The Tylenol doesn’t soothe it. All my little
remedies that I’ve tried along the way don’t soothe it.”

Theme 3: information gathering and processing. The infor-
mation sources participants used and the ways in which they
considered this information affected their expectations and opin-
ions of injections.

Subtheme 12: extent of treatment consensus among physi-
cians. The lack of consensus among physicians across different
specialties and geographic regions of the US was unsettling for par-
ticipants. They expressed a desire for unified recommendations.

“It seems like the surgeons recommend surgery, and the
pain people recommend nerve blocker[s]… Rheumatol-
ogy’s like well, we can try this, or we can try that. There’s
not really an opinion about what might help.”

Subtheme 13: extent of physician guidance. Some partici-
pants desired clear guidance from their physician regarding what
treatment would be best for them.

“I’ve actually had a lotta respect for my doctors who have
said, ‘I wouldn’t try this because I’ve not had good success
with this…’ I’ve been very appreciative of that, because
what works for some people might not necessarily work
for other people.”

A physician’s recommendation regarding specific products
carried substantial weight in the decision-making process.

“[My doctor] thought that the Synvisc would be the best for
me at the time… she made the recommendation as to
which steroid I should probably try.”
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Subtheme 14: anecdotal versus scientific evidence. When
deciding if an injection was the right treatment, participants con-
sulted a variety of sources, including their doctors, friends or
family, and the internet. They acknowledged that some of
these sources were higher quality than others, but they wanted
to understand the experiences of those who had gotten
injections.

“I try to go to good sources, but I go to some of the sketchy
sources too just to see what people say.”

“[My doctor] agrees that scientifically, it doesn’t work, but
by the same token, he said he’s referred his patients to this
person to do gel injections and they’ve had relief, so empir-
ically, it works for some people.”

Subtheme 15: accuracy of injection location. Participants
wanted information about accuracy of the procedure and were
concerned about the physician’s ability to inject the specific loca-
tion that would provide pain relief. Imaging-guided injections
assuaged these fears for some participants.

“[S]ome people say the injections should be done under
fluoroscopy…some people say that doesn’t matter. It
would be helpful to know the precision of where the injec-
tion is going, if that’s important, or if it just needs to be
somewhere in the joint.”

Subtheme 16: procedure explanation. Participants found it
unsettling when their physician did not fully explain the injection
process.

“I don’t know what they shootin’ in there… [The doctor]
had a big old needle. I don’t know what that is about. You
got to explain it.”

Subtheme 17: treatment mechanism. Participants’ opin-
ions of an injectable product were shaped by their understand-
ing of whether it worked by simply relieving pain or by
addressing an underlying mechanism. They preferred inject-
able products they perceived as improving an underlying knee
problem.

“Well, I don’t want anything that’s gonna cause more
damage… [The steroids are] gonna take the pain away,
but they aren’t gonna make your knee better.”

For those with specific types of symptoms, pain relief was
deemed an insufficient marker of success.

“I would want a cushioning. That’s all I want, so it wouldn’t
grind and scrape.”

Subtheme 18: out-of-pocket costs. Participants’ decisions
regarding which product to choose involved weighing each inject-
able’s out-of-pocket costs and likelihood of success. Participants
were willing to pay more if they were in more pain.

“Depending on how uncomfortable I was at the time, I think
that’s probably what would be the tipping point for me. But
it is expensive.”

“I’m like, ‘I’m not gonna pay $150 for something that’s
probably not going to work’, and that’s how I ended up
doing the cortisone.”

Theme 4: availability and access issues. Participants’ injec-
tion options were shaped by external factors, including the inject-
able therapies on the market, the products that physicians offered
them, and insurance coverage.

Subtheme 19: limited effectiveness of injectables. Many par-
ticipants were frustrated by the lack of treatment options that
were certain to relieve pain. They felt they had to choose between
injections with uncertain efficacies.

“It’s hard because you don’t know. I’ve had so many
times where it hasn’t worked, and it just gets
disappointing.”

Subtheme 20: variation in product availability. The injectable
products that were offered to participants varied by region, hospi-
tal, and physician. Choices were limited by insurance coverage
and what was available on the hospital formulary.

“I said to [my rheumatologist], I said what’s there left for
me? He said surgery, but you’re not really ready yet. I said
well, I’m gonna go look for gel. He said you better go look
outside the [hospital].”

Subtheme 21: availability of alternate providers. Some partic-
ipants knew of alternative injectable products, and when their
physician did not offer these treatments, they were willing to find
another provider who would.

“I did seek out a doctor that did PRP based on the recom-
mendation of my physical therapist… He helped me find
some doctors that did it.”

Subtheme 22: differences in insurance coverage. Variation in
insurance coverage limited the range of injectable products avail-
able to participants.

“My expectation is the insurance was gonna cover it because
of my condition. I was really surprised that it wasn’t covered.
That played into my decision not to go for it.”
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DISCUSSION

We conducted focus groups and individual interviews with
15 patients with knee OA to better understand participants’ per-
ceived facilitators of and barriers to IA injections. We found that
participants’ decisions were influenced most by the following:
the impact of knee OA on their lives; attitudes toward side effects,
uncertain efficacy, specific features of injectables; ways in which
they gathered and processed information; and the availability of
different injectable products.

Several aspects of the injection decision-making process por-
trayed in Figure 1 merit comment. Participants’ attitudes were influ-
enced by the content and sources of information they sought, as
they balanced physicians’ explanations with their peers’ experi-
ences. They noted the lack of consensus among physicians regard-
ing efficacy of different injectable products and the individuality of
injection response. They relied on their physician’s recommenda-
tions in conjunction with other factors to make decisions. Partici-
pants were interested in the injectable’s mechanism, and some
expressed fear of products they considered “unnatural.” They per-
ceived that “naturally” derived products, like PRP or HA derivatives,
would promote healing better than glucocorticoids.

Discrete-choice experiments have found that the factors
most pertinent to OA treatment decisions include evaluation of
the benefits, risk of side effects, cost, and mode of administration
(14). Other studies have highlighted the role of emotion and
biases in patient decision-making (15). Our work also aligns with
the framework of preference-based decision-making, which
acknowledges that the right decision for any patient involves an
integration of knowledge of risks and benefits with a weighting of
these factors by their importance (16).

We identified themes that are consistent with prior qualitative
research on OA treatments. Participants discussed how the
impact of OA on their lives and the failure of prior treatments
prompted them to consider injections. The influence of ineffective
prior treatments has been described as a motivating factor for
patients who undergo TKR as well (17). A study by Selten et al
demonstrated that participants were most concerned about a
treatment’s efficacy, accessibility, and potential side effects (10),
which are concerns that our participants shared. Those who
chose injections despite these concerns indicated that after failing
other treatments, an injection could be worth the potential down-
sides (e.g., out-of-pocket cost, potential side effects), especially if
it could help them avoid surgery or return to their valued activities.
Other studies have similarly found that participants expressed
concerns about side effects, including the effect of glucocorti-
coids on cartilage (18). Consistent with our findings regarding par-
ticipants’ gathering and processing of information, having a good
relationship with and trust in one’s physician is an important factor
in the OA treatment decision-making process (19,20), as is a pref-
erence for personalized treatment recommendations (10). Finally,
the burden of out-of-pocket costs and concerns surrounding

insurance coverage are widespread and should be part of the
shared decision (10).

As this is qualitative work, these results should be viewed as
hypothesis-generating. Participants were recruited from a single
tertiary medical center and may not be representative of the gen-
eral knee OA population. Furthermore, subjects were quite knowl-
edgeable, which may have contributed to the achievement of
thematic saturation with 15 participants; while the importance
that participants attached to relevant considerations differed, the
factors they considered were similar. We did not collect informa-
tion about participants’ socioeconomic or insurance status, each
of which may influence their views of injections. Finally, while all
moderators used the same guide, it is possible that having differ-
ent moderators across the focus groups and interviews may have
introduced bias.

These results may help guide further research and have
implications for clinical practice. Additional qualitative and cross-
sectional studies should be conducted to better understand
these issues. Survey studies could quantify the prevalence of the
attitudes toward injections documented in this study. A better
understanding of the considerations that patients weigh when
making injection-related decisions could help clinicians provide
relevant information during shared decision-making discussions.

Our findings suggest that it would be useful for providers to
help patients sort through these concerns, including the process
of receiving an injection and its mechanism, content, cost, and
efficacy. Given the qualitative nature of this research, we recom-
mend that these clinical suggestions be interpreted alongside
clinical guidelines and recommend that future studies investigate
the issues raised here to further examine the decision-making
process surrounding IA injections.
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Increasing Ancestral Diversity in Systemic Lupus
Erythematosus Clinical Studies

Jessica N. Williams,1 Maria Dall’Era,2 S. Sam Lim,3 Candace H. Feldman,1 Kathleen A. Arntsen,4

Ashira D. Blazer,5 Tawara Goode,6 Joan T. Merrill,7 Saira Sheikh,8 Anne M. Stevens,9 Peter E. Lipsky,10

and Karen H. Costenbader1

Non-White people are more likely to develop systemic lupus erythematosus (SLE) yet are underrepresented in SLE
clinical trials. The efficacy and safety of drugs may be influenced by ancestry, and ancestrally diverse study populations
are necessary to optimize treatments across the full spectrum of patients. However, barriers to entry into clinical trials
are amplified in non-White populations. To address these issues, a conference was held in Bethesda, Maryland, from
October 15–16, 2019, entitled “Increasing Ancestral Diversity in Systemic Lupus Erythematosus Clinical Studies:
Overcoming the Barriers.” Conference participants included people with lupus, lupus physicians, lupus clinical trialists,
treatment developers from biotechnology, social scientists, patient advocacy groups, and US government representa-
tives (The Office of Minority Health, Centers for Disease Control and Prevention, National Institutes of Health, and the
Food and Drug Administration). For all these groups, the organizers of the conference purposefully included people
of non-White ancestry. Decreased participation of non-White SLE patients in clinical research was evaluated through
historical, societal, experiential, and pragmatic perspectives, and several interventional programs to increase non-
White patient participation in SLE and non-SLE research were described and discussed. The presentations and
discussions highlighted the need for changes at the societal, institutional, research team, referring physician, and
patient education levels to achieve equitable ancestral representation in SLE clinical studies.

INTRODUCTION

This article summarizes the findings of a conference entitled

“Increasing Ancestral Diversity in Systemic Lupus Erythematosus

Clinical Studies: Overcoming the Barriers,” held in Bethesda,

Maryland between October 15 and 16, 2019. The majority of the

audience, 71% of the breakout session moderators, and 44% of

the speakers were non-White people. The problem of decreased

participation of non-White patients with systemic lupus erythema-

tosus (SLE) in clinical research and strategies was described and

discussed as shown in the present article.

BACKGROUND

Racial epidemiology of SLE and minority
underrepresentation in SLE clinical trials

The prevalent SLE population in the US is 44–67%

non-White (1–6). This high proportion of disease in racial minori-

ties has been attributed to genetic and environmental factors (7).

Additionally, racial minorities are more likely to have severe SLE,

with SLE being the fifth leading cause of death for Black and

Latinx women under the age of 25 years in the US (8). Despite

being disproportionately affected by SLE, racial minorities are
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typically underrepresented in SLE clinical studies. This is
problematic as treatment responses may vary by race/ethnicity.
For example, Black patients with lupus nephritis may have a less
favorable response to intravenous cyclophosphamide (9), but a
more favorable response to rituximab (10), than White patients.

A systematic review of 193 SLE randomized controlled trials
(RCTs) carried out from 1997 to 2017 showed that White partici-
pants were overrepresented (51% of RCT participants and 33%
of prevalent SLE cases), as were Latinx patients (21% of RCT par-
ticipants and 16% of prevalent SLE cases) (11). Underrepre-
sented groups included Black patients (14% of RCT participants
and 43% of prevalent SLE cases), and to a lesser degree, Asian
patients (10% of RCT participants and 13% of prevalent SLE
cases). This occurred despite multiple National Institutes of Health
(NIH) policies designed to increase minority representation in
research that were implemented before and during the study
period (12–14).

One likely contributing factor to the underrepresentation of
racial minorities in SLE clinical studies is lack of diversity among
rheumatologists and SLE researchers in the US. For example,
according to the American College of Rheumatology (ACR) 2015
Rheumatology Workforce Study, only 0.8% of the 1,000 adult
rheumatologists surveyed self-identified as a Black physician
(15). Improving diversity among the rheumatology clinical and
research workforce may be a critical step in the quest to achieve
racial equity in SLE clinical studies, but this subject was beyond
the scope of the conference (Titilola Falasinnu, PhD, Stanford
University).

Ancestral diversity in SLE: barriers to clinical trial
enrollment

Genetic differences between racial groups may contribute to
SLE treatment responses. Single-nucleotide polymorphisms
(SNPs) are mutations of a single DNA base pair and account for
a large amount of human genetic variation (16). Fewer
SLE-associated SNPs have been identified in Black and Latinx
populations compared to White populations. For example, a
2017 genome-wide association study of 11,590 individuals with
SLE and 15,984 control subjects identified 58 SLE-associated
SNPs in White subjects, 9 in Black subjects, and 16 in Latinx sub-
jects (17). The study population was 66% White, 20% Black, and
14% Latinx. Comparing subjects with similar numbers of
SLE-associated SNPs, White subjects had a 10-fold higher risk
of having SLE than Black subjects. Fewer Black and Latinx sub-
jects assessed in the study and the development of the SNP
assay (ImmunoChip) largely in White subjects may have contrib-
uted to this seeming racial disparity in SLE-associated SNPs.

A method known as expression quantitative trait loci
mapping links genetic variants to changes in gene expression in
different tissues. This method may identify ancestry-dependent
and ancestry-independent genes, which may in turn identify

ancestry-dependent and ancestry-independent pathways
(e.g., European ancestry, African ancestry, and their shared path-
ways). A recent study of SLE-associated SNPs mapped numer-
ous molecular pathways (n = 1,006) unique to individuals with
European ancestry and a few (n = 55) to individuals with African
ancestry, as well as many shared pathways (n = 670), including
interferon signaling (18). These results underscore the importance
of studying SLE genetics across ancestral groups, which may elu-
cidate drug targets that differ by ancestry.

It is important to note that there is considerable ancestral het-
erogeneity within self-reported racial groups in the US. For
instance, the mean percentages of European ancestry among
self-identified Black Americans and Latinx Americans are 24%
and 65%, respectively (19). Thus, it is recommended to catego-
rize subjects in SLE genetic studies according to genetic ances-
tral composition (by principal components analysis), rather than
by self-reported race (Peter E. Lipsky, MD, RILITE Research Insti-
tute and AMPEL BioSolutions).

UNDERSTANDING AND ADDRESSING FACTORS
THAT AFFECT MINORITY ENROLLMENT IN SLE
CLINICAL STUDIES

Racism in health care and medical research
(Monnica Williams, PhD, University of Ottawa)
and the role of cultural and linguistic competence
in increasing participation of diverse populations
in SLE clinical trials

Lack of trust in the research establishment is one reason for
minority underrepresentation in clinical studies. For example,
many Black Americans have mistrust toward clinical studies
rooted in historical abuses during slavery in the US as well as
due to such studies as the Tuskegee Syphilis Study, which
involved withholding curative antibiotic therapy from Black male
subjects who had syphilis in order to study the natural history of
the disease (20,21). There are numerous other instances of mis-
treatment of racial minorities by medical investigators including
non-anesthetized surgical experiments performed on three Black
enslaved women in Alabama between 1845 and 1849 (22), a
study conducted from 1946 to 1948 that involved intentionally
infecting Guatemalans with sexually-transmitted diseases without
informed consent (23), and an experimental hepatitis A vaccine
study conducted in Lakota Sioux Indian newborns that did not
disclose potential risks to parents (24) (Tawara Goode, MA,
Georgetown University).

Given these egregious examples, some minority patients
understandably have reservations about medical research partici-
pation, which the research community should address. The first
step for researchers may be to understand that culture, defined
as “the learned and shared knowledge that specific groups use
to generate their behavior and interpret their experience of the
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world,” (25) can be applied to racial and ethnic groups. It may be
beneficial for SLE researchers to reflect on how their own culture,
or the culture of their institution leads to racial bias in research
questions and study design.

Cultural competence requires that organizations have a
clearly defined, congruent set of values and principles, and dem-
onstrate behaviors, attitudes, policies, structures, and practices
that enable them to work effectively cross-culturally (26). Applying
cultural and linguistic competence to research may include, but is
not limited to, the steps outlined in the Georgetown University
National Center for Cultural Competence Research Checklist
(27), which includes the promotion of cultural and linguistic com-
petence among research staff and the incorporation of culturally
competent approaches in all steps of the research process.

EFFORTS TO INCREASE MINORITY
ENROLLMENT IN NON-SLE RESEARCH STUDIES

INSPIRE Trial: a clinical trial with culturally
appropriate video to increase participation of
African American patients in breast cancer trials

The Increasing Participation In Research-Breast Cancer
(INSPIRE-BrC) trial aimed to use a culturally targeted patient educa-
tion video to increase breast cancer clinical trial enrollment among
Black women (28). This intervention was successful in increasing
clinical trial enrollment from 6% to 13.5% (P < 0.001). The
INSPIRE-BrC trial demonstrated that a culturally tailored educa-
tional video could increase clinical trial participation among Black
patients with breast cancer, with the added benefit of the video hav-
ing the ability to be easily disseminated in a rapid, widespread fash-
ion (Deliya Wesley, PhD, MPH, MedStar Health Research Institute).

STRIDE: Strengthening Translational Research in
Diverse Enrollment

The goal of the STRIDE study is to increase underrepre-
sented minority representation in biomedical research using cul-
tural and literacy-relevant interventions. STRIDE’s aims include
intervention development with community input, ongoing evalua-
tion, and wide dissemination. Evaluations of the STRIDE interven-
tion versus usual protocol are currently ongoing (Stephenie

Lemon, PhD, MS, University of Massachusetts).

EFFORTS TO INCREASE MINORITY
ENROLLMENT IN SLE RESEARCH STUDIES

Pediatric experience in SLE clinical trial
recruitment: APPLE trial

The Atherosclerosis Prevention in Pediatric Lupus Erythema-
tosus (APPLE) study was a multisite clinical trial comparing
the effect of treatment with atorvastatin versus placebo on

intimal-medial thickness progression among 221 patients with
pediatric SLE (29). This study was successful in recruiting a pop-
ulation that was 61% minority (27% Black, 24% Latinx, and 10%
Asian). Regarding minority recruitment, there were several take-
aways from the APPLE trial. Patients were more willing to partici-
pate if their treating physician discussed the study with them and
was supportive of enrollment. Other helpful practices included
reviewing consent forms in clinic, asking every eligible patient to
participate without making assumptions about willingness or abil-
ity to participate (addressed physician implicit bias), and providing
patient-centered talking points to promote trial participation
(Laura Schanberg, MD, Duke University).

Optimizing minority recruitment in trials: the
EMBRACE experience

Belimumab was approved for the treatment of SLE by the US
Food and Drug Administration (FDA) in 2011. Phase III studies did
not show beneficial effects of belimumab therapy in Black patients
(n = 148) (30,31). Given the small sample size of Black patients
included in the phase III studies, the Efficacy and Safety of Belimu-
mab in Black Race Patients with SLE (EMBRACE) study recruited
patients who self-reported Black ancestry. EMBRACE did not
meet its primary end point (32).

Despite multiple strategies employed to improve enrollment
in EMBRACE, the trial was under-enrolled, with 448 participants
who were ultimately enrolled in the trial compared to an initial
enrollment target of 816 participants and a revised enrollment tar-
get of 501 participants. The investigators felt that the following
enrollment strategies were not successful: 1) social media recruit-
ment through a large SLE patient advocacy group and 2) an
EMBRACE website supported by a 24-hour call center, which
received few calls despite many website hits. The EMBRACE
team felt that the following strategies were successful in improving
enrollment: 1) enhancing physician referrals by providing study
letter templates and presentation slides, 2) enhancing referrals
from local patient advocacy groups via targeted funding and
study letters, and 3) enhancing site capabilities (e.g., multimedia
advertising support and providing study tool kits; this strategy
was felt to be the most effective by the EMBRACE team) (Susan
Burriss, MS, BSN, GlaxoSmithKline).

Goals and activities of Centers for Disease Control
and Prevention (CDC)–funded lupus projects:
current efforts by the lupus community

In order to estimate SLE prevalence and incidence, the CDC
funded five population-based registries targeting five racial/ethnic
groups (White, Black, Latinx, Asian, and Native American/Alaskan
Native) between 2003 and 2014 in Alaska, California, Georgia,
Michigan, and New York. Three of these registries were
expanded to form longitudinal cohorts to further study SLE
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natural history, treatment, access to care, and disparities in spe-
cific populations: California for Asian/Latinx groups, Georgia for
Black/White groups, and Michigan for Black/White groups (33).
For example, studies performed using the Georgia SLE cohort
(GOAL) found that Black patients had higher standardized mortal-
ity ratios compared to White patients (3.34 versus 2.43) (34). This
work by the CDC demonstrates the importance of collecting data
on race in order to better understand disparities and target future
interventions (Charles Helmick, MD, CDC).

ACR efforts to increase minority participation in
lupus clinical trials

The ACR has implemented two interventions to increase
minority participation in lupus clinical trials: Materials to Increase
Minority Involvement in Clinical Trials (MIMCT; increasing physician

referrals to clinical trials for Black and Latinx patients using an edu-
cational toolkit [35]), and the Lupus Clinical Trials Training Program
(LuCTT; educating potential subjects about lupus clinical trials via
community health workers [36]). Results thus far from MIMICT
suggest that the educational toolkit improved primary care physi-
cian knowledge and the intention to refer. LuCTT accomplish-
ments to date include partnerships between the ACR and state
and local organizations, as well as training of 73 community health
workers (Sheryl McCalla, JD, ACR).

PALS: Patient Advocates for Lupus Studies

PALS is an ongoing peer support program wherein trained
lupus patients serve as educators and advocates for clinical trial
participation, focusing on diverse populations. PALS was inspired
by the Patient Partners in Arthritis program, started at the University

Table 1. Qualitative findings of patient and investigator breakout sessions regarding minority participation in systemic lupus erythematosus (SLE)
clinical trials

Motivators for participation,
patient session

Barriers to participation,
patient session

Barriers to participation,
investigator session

Patient barriers Societal barriers
Lack of other therapeutic options Concerns about being a “guinea pig” Implicit racial bias of researchers and referring

physicians
Recommended by a trusted physician Lack of trust in the healthcare system

(often related to negative prior
personal or family experiences)

Structural racism (that may influence the ability and
willingness of minorities to participate)

Trust in the research institution Discouragement to participate from
others (including loved ones and
religious leaders)

Partisan political climate with scarce research
dollars

Desire to help the greater SLE community
(including family members and other
minority patients with SLE)

Lack of familiarity with and knowledge
about clinical trials

Institutional barriers (National Institutes of Health,
academia, pharmaceutical industry, among others)

Personal empowerment Being overwhelmed or in denial about
SLE diagnosis

Lack of prioritization of trial diversity

Compensation Not being asked to participate Underdeveloped relationships with communities of
color

Greater access to care Meeting exclusion criteria despite desire
to participate (e.g., lupus nephritis)

Distance of research sites from communities of
color

Referring physician barriers Lack of outreach to remote areas (e.g., through
telemedicine, social media, or mobile units)

Lack of time to discuss clinical trials with
patients

Intimidating informed consent process

Competing clinical priorities Rejection of uninsured and underinsured patients
Lack of reimbursement for trial
recruitment

Lack of investment in metrics important to involved
parties (health for patients, relative value units for
treating physicians, grants and publications for
researchers, and first patient enrolled for
pharmaceutical companies)

Lack of prioritization of trial diversity Lack of research team diversity
Referring physicians’ fear of losing patients
Lack of communication to patients and treating
physicians regarding study findings

Patient barriers
Desire for compensation (including childcare,
transportation reimbursement)

Desire for less strict eligibility criteria
Language barriers
Desire to hear about trial from treating medical
doctor rather than a research team
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of Texas Southwestern in the early 1990s, a program that suc-
cessfully trained patients with arthritis to serve as peer educators
and facilitate participation in arthritis-related research, including
clinical trials (37) (S. Sam Lim, MD, MPH, Emory University).

PURPLE: Programs to Address Unmet Needs and
Promote Representation of all Participants in
Lupus Clinical Trials using Mobile Technology for
Engagement

Smartphone ownership rates are similar among Black,
White, and Latinx patients, but Black and Latinx patients are more
likely to look up health-related information on their smartphones
(38). The PURPLE intervention was designed to increase minority
enrollment in lupus clinical trials using a patient-focused digital
tool delivering culturally and linguistically appropriate clinical trial
education, delivered by custom-built avatars that are modeled
after the patient’s treating physician. PURPLE was developed by
Dr. Sheikh’s team at The University of North Carolina-Chapel Hill
Thurston Arthritis Research Center (Saira Sheikh, MD, University

of North Carolina-Chapel Hill).

IMPACT for lupus: a faith-based approach to
awareness and participation in lupus clinical trials

Improving Minority Participation and Awareness in Clinical
Trials (IMPACT), which is funded by the US Department of Health

and Human Services (HHS) Office of Minority Health (OMH), is
designed to improve minority patient awareness of lupus clinical
trials using a community and faith-based participatory research
approach (39). IMPACT utilizes a trained navigator who acts as
an intermediary between the patient, his or her church, his or her
physician, the Lupus Foundation of America, and the clinical trial
coordinator. The results of the three-month pilot study indicated
the IMPACT program was effective in raising awareness of clinical
trials among Black patients with lupus (Patricia Davidson, MPA,
Lupus Foundation of America).

The CLIMB Project 2019: Connecting People with
Lupus to Improve Meaningful Benefits from Trials

The CLIMB project aimed to improve minority enrollment
in lupus clinical trials by focusing on the informed consent
process and the education of primary care clinicians and
patients. Following the CLIMB educational intervention, a
post-questionnaire showed an increased numbers of patients
who preferred to learn about clinical trials from someone who
had the same racial/ethnic background, suggesting the inter-
vention process may have uncovered previously unstated pref-
erences. After completing the CLIMB modules on the history
and nature of clinical trials, fewer patients and clinicians stated
a belief that poverty will reduce a clinical trial participant’s
adherence to study protocol (Joan T. Merrill, MD, Oklahoma

Medical Research Foundation).

Table 2. Best practices for clinicians and researchers to increase ancestral diversity in systemic lupus erythematosus (SLE) clinical studies

For clinicians:
Understand the historical exploitation of racial minorities by medical researchers and ongoing structural racism in the US, and how this has led
to mistrust of clinical research among these populations.

Reflect on how personal or institutional culture may lead to racial bias in research questions and study design.
Increase recruitment of underrepresented racial minorities (Black, Latinx, and Native American/Alaskan Native physicians) to the field of
rheumatology.

Discuss research studies with eligible patients in a supportive manner.
Avoid assumptions (implicit bias) about the “kind” of patients who would be willing to participate in a clinical trial.

For researchers:
Understand the historical exploitation of racial minorities by medical researchers and ongoing structural racism in the US, and how this has led
to mistrust of clinical research among these populations.

Reflect on how personal or institutional culture may lead to racial bias in research questions and study design.
Encourage research careers among underrepresented minority rheumatologists through mentorship and career support.
Collect ancestral data in every research study involving human subjects.
Develop means to classify subjects in SLE genetic studies according to genetic ancestral composition, rather than by self-reported race (given
the ancestral heterogeneity of self-reported racial groups in the US).

Recruit a racially diverse research study team, including those in leadership positions.
Train all research staff in cultural and linguistic competence.
Incorporate cultural and linguistic competence in every step of the research process, with a particular emphasis on informed consent and the
ability of subjects to withdraw from the study at any time.

Include ancestrally diverse patients in the study planning process.
Form relationships with people and institutions within the target community to be studied.
Tailor patient recruitment and educational interventions to the target racial group, using input from members of the community.
Consider providing transportation, childcare, and monetary compensation to potential study subjects in order to enable their participation.
Stimulate a discussion with the institutional review boards concerning the topic of reimbursement versus coercion and include racially and
economically diverse patients in the discussion.

Provide educational and study recruitment materials to referring physicians and patient advocacy groups.
Train racially diverse community members, including those with SLE, to educate and recruit potential SLE research subjects.
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Lupus conversations modules: an
academic-community partnership

The HHS OMH-funded Lupus Conversations Modules is a
program designed to increase enrollment of Black patients in
lupus clinical trials through academic-community partnerships in
Boston and Chicago. This program involves identifying influential
community members to serve as popular opinion leaders, who
are trained to disseminate information about lupus and clinical tri-
als throughout their social network. Accomplishments to date
include authorship of a systematic literature review regarding
minority underrepresentation in rheumatology research (40),
development of curricula to train popular opinion leaders and phy-
sicians about lupus clinical trial recruitment, and development of
popular opinion leader– and physician-led curricula to educate
patients about clinical trials (Candace Feldman, MD, ScD,
Harvard University, and Rosalind Ramsey-Goldman, MD, DrPH,
Northwestern University).

BREAKOUT SESSIONS: QUALITATIVE
EVALUATION OF MINORITY PARTICIPATION IN
SLE CLINICAL TRIALS

Three breakout sessions addressed minority participation in
lupus clinical trials. One session was patient-focused and fea-
tured 20 minority patients with SLE, nine of whom had clinical trial
experience, as well as three lupus physicians. The other two
breakout sessions were focused on the investigator perspective,
and featured clinical trial investigators, treating physicians,
patients, patient advocates, and treatment developers. See
Table 1 for a summary of the motivators and barriers to minority
clinical trial participation that were identified during these three
breakout sessions.

CONCLUSIONS

Non-White people are more likely to develop SLE and severe
SLE but are underrepresented in lupus clinical trials. Efficacy and
safety of treatments may be influenced by ancestry, and ances-
trally diverse study populations are necessary to ensure a better
understanding of optimal treatment for all patients. Impediments
to enrollment of minority patients may include an unfavorable view
of biomedical research because of historical injustices and ongo-
ing structural racism and bias. To advance the field, acknow-
ledgement of these realities and improvements in cultural and
linguistic competence might help to overcome these barriers.
Several interventions to increase minority participation in research
for SLE and non-SLE conditions have been described in this
work. Many of these interventions focused on Black patients,
who are the most underrepresented in international SLE clinical
trials. Going forward, to represent the people who live in the US,
there is a need to include programs for the growing Latinx and

Asian populations in the US, as well as Native Americans, Pacific
Islanders, Alaskan Natives, and men with SLE. Table 2 summa-
rizes best practices for clinicians and researchers to increase
ancestral diversity in SLE clinical studies. In conclusion, input from
patients and investigators has uncovered the need for change at
the societal, institutional, research team, referring physician, and
patient level in order to achieve racial equity in lupus clinical
studies.
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B R I E F R E P O R T

Prevalence of Neuropsychiatric Lupus in Psychosis Patients
Who Have Tested Positive for Antinuclear Antibodies

Michael C. Spies,1 Johannes A. Gutjahr-Holland,2 James V. Bertouch,2 and Anthony M. Sammel3

Objective. Psychosis is a rare manifestation of neuropsychiatric systemic lupus erythematosus (NPSLE). Current
guidelines do not make a recommendation regarding the use of antinuclear antibody (ANA) testing in the assessment
of patients with psychosis. The present study was undertaken to determine the prevalence of NPSLE in patients with
psychosis who were positive for ANAs.

Methods. A retrospective review of patients who were admitted to the mental health service of 2 metropolitan ter-
tiary referral centers with a diagnosis of psychosis and had been tested for ANAs was conducted. A diagnosis of SLE
was made when the 2019 American College of Rheumatology (ACR)/European Alliance of Associations for Rheumatol-
ogy (EULAR) classification criteria were fulfilled. Attribution of psychosis-related events to NPSLE were made accord-
ing to validated criteria.

Results. There were 10,205 mental health admissions with diagnoses of psychosis representing 4,766 individual
patients, 911 patients (19%) were tested for ANAs, 135 (15%) of those tests returned a positive result with a titer of
≥1:160. The mean � SD follow-up time was 47 � 26 months. At discharge, there were 4 patients who met 2019
ACR/EULAR criteria for SLE, 2 of whom met criteria for NPSLE (2 patients had other manifestations of SLE), yielding
an NPSLE prevalence of 1.5% (2 of 135) among patients who were positive for ANAs, and 0.2% (2 of 911) among all
patients who underwent testing for ANAs.

Conclusion. The prevalence of NPSLE in patients with psychosis who were positive for ANAs was low, at 1.5%.
The low rate of clinically significant positive results would argue against routine testing for ANAs in patients with
psychosis.

INTRODUCTION

Neuropsychiatric systemic lupus erythematosus (NPSLE) is a
heterogeneous group of disorders involving a range of clinic syn-
dromes. Psychosis is 1 of the 19 neuropsychiatric syndromes
defined by the American College of Rheumatology (ACR) 1999
criteria (1).

The reported prevalence of neuropsychiatric disease in SLE
is highly variable (2), with the most common manifestations being
headache, mood disorder, and cognitive dysfunction. Psychosis
represents a smaller subset of this, with variable prevalence of
0–12%, depending on the cohort (3,4).

Patients with SLE who develop psychosis may have psychosis
as part of their initial presentation (3), meaning psychosis can be a
presenting feature of previously undiagnosed SLE. Assessment of

psychosis involves the exclusion of organic disorders as a precipi-
tant. Various clinical and laboratory investigations, including serum
chemistry, blood count, and tests for syphilis, hepatitis C, and HIV
may be performed, depending on the initial presentation (5).

Antinuclear antibodies (ANAs) are the typical serologic find-
ing in patients with SLE, including those with NPSLE. An absence
of ANAs is rare in patients with clinical lupus. ANAs are present in
at least 90% of patients with psychosis as a clinical syndrome of
NPSLE (3,4), and as such a negative test makes SLE unlikely.

Currently, there is limited evidence to support or refute the
use of ANA testing to screen for SLE or connective tissue disease
in patients with psychosis. In a retrospective study of 85 patients
with psychosis who were tested for ANAs, Mantovani and col-
leagues found that 3 patients were ANA positive, 2 of whom were
diagnosed and treated for NPSLE (6). A prospective study by
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Audemard-Verger et al of 100 patients found no episodes of
NPSLE among 32 ANA-positive patients in a more heteroge-
neous group of mental health disorders (7). The American Psychi-
atric Association Practice guideline for the treatment of patients
with schizophrenia does not make a recommendation regarding
the use of testing for ANAs as a part of the assessment in patients
with psychosis (5). Given the small size of previous study cohorts
and discrepancy in findings, we designed a study to clarify the
significance of ANA positivity in patients with psychosis.

The primary objective of this study was to determine the
prevalence of NPSLE in patients admitted to a mental health ser-
vice with a diagnosis of psychosis who were positive for ANAs.
The secondary objectives were to determine the frequency of
testing for and proportion of positive ANAs in this patient group.
We also sought to determine the pattern and titers of positive
ANAs, as well as the subsequent investigation, referral, and diag-
nosis of ANA-positive patients.

PATIENTS AND METHODS

We performed a retrospective chart review of patients admit-
ted to the mental health service of 2 Sydney metropolitan tertiary
referral centers (Prince of Wales Hospital and Royal Prince Alfred
Hospital) with a diagnosis of psychosis who had been tested for
ANAs. Ethics approval was provided by South Eastern Sydney
Local Health Human Research Ethics Committee (reference num-
ber 18/121). Patients were identified using their electronically
entered diagnoses based on the International Statistical Classifi-
cation of Diseases and Related Health Problems, Tenth Revision
(ICD-10) codes (8). We included ICD-10 codes for primary psy-
chotic disorders or mood disorders with psychotic features (see
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24472/
abstract). To ensure that patients with a final diagnosis of SLE
were not missed, we also searched for ICD-10 SLE diagnoses in
patients admitted under mental health (see Supplementary
Table 2, online at http://onlinelibrary.wiley.com/doi/10.1002/acr.
24472/abstract).

Patients included in the present study were admitted
between January 1, 2010 and March 31, 2018. The electronic

medical record, which records all inpatient pathology tests for that
period, was then reviewed to determine whether ANA testing had
been ordered. Titer was also recorded for positive results. A titer
of ≥1:160 was considered a positive result, in line with interna-
tional recommendations for interpreting ANA when screening for
systemic autoimmune rheumatic diseases (9).

For those patients who were ANA positive, hard copy and
electronic medical records were reviewed, and a prespecified
data set was completed. Data were compiled and reviewed by
1 of 2 reviewers who were not part of patient care (MCS and
JAG-H). Patients were considered to have SLE if they met the
2019 ACR/European Alliance of Associations for Rheumatology
(EULAR) classification criteria (10).

Follow-up data were obtained from medical records of sub-
sequent admissions. For those patients for whom follow-up data
beyond 6 months were unavailable, outpatient treating clinicians
were contacted to obtain the follow-up data.

Attribution of NPSLE. Decisions regarding attribution of
psychosis-related events to SLE followed the Italian criteria used
by Bortoluzzi et al, which incorporates the Systemic Lupus
Erythematosus Disease Activity Index (11,12). A score of ≥7 was
defined as criteria for attribution of a psychotic event to NPSLE,
as per previous validation (13). NPSLE was confirmed if patients
met the criteria during initial admission or when a subsequent
diagnosis was made at follow-up.

Statistical analysis. Unpaired t-tests and chi square tests
were used where applicable. P values less than 0.05 were consid-
ered significant. Direct comparison of data between hospitals
using statistical tests was not performed due to potential for
heterogeneity.

RESULTS

Between January 1, 2010 and March 31, 2018, there were
10,205 mental health admissions with an ICD-10 diagnosis of
psychosis (n = 5,585 for site 1 and n = 4,620 for site 2), repre-
senting 4,766 individual patients. Of these individual patients,
911 (19%) were tested for ANAs, and 135 of the 911 patients
(15%) were ANA positive with a titer of ≥1:160. The characteris-
tics of these patients are summarized in Table 1.

The most common ANA pattern was speckled (in 67 of 135
patients), followed by homogeneous in 37 patients, nucleolar in
15, dense fine speckled in 6, mitotic spindle in 5, cytoplasmic in
2, centriole in 2, and centromere in 1. The most frequent ANA titer
was 1:320 (n = 64 patients) followed by 1:160 (n = 42), 1:640
(n = 12), 1:1,280 (n = 10), 1:5,120 (n = 5), and 1:2,560 (n = 2).

During mental health admission, ANA-positive patients
were most commonly diagnosed with schizophrenia (151 of
376 patients [40%]), followed by a diagnosis of schizoaffective
(131 of 376 patients [35%]). Referral to a rheumatology or clinical

SIGNIFICANCE & INNOVATIONS
• A new diagnosis of neuropsychiatric systemic lupus

erythematosus (NPSLE) is made in <2% of psychosis
patients who have tested positive for antinuclear
antibodies (ANAs).

• Of all patients admitted with psychosis who were
tested for ANAs, only 0.2% had a diagnosis of
NPSLE.

• Testing for ANAs to screen for NPSLE in patients
with psychosis is likely to have a very low yield.
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immunology service was sought in 20 of 135 ANA-positive
patients (15%).

In the majority of the patients (85 of 135), the reason given for
testing for ANAs was to determine an organic cause of psychosis.
A total of 7 patients were tested for ANAs due to elevated liver
function tests, 2 for reassessment of known SLE, 2 for pleural
effusions, 2 for arthralgia, and 1 for acute kidney injury. In the
remaining 36 patients, there was no clear rationale documented
for testing for ANAs.

Histone antibody testing was positive in 3 patients, none of
whomwere being treated with recognized ANA-inducing medica-
tions. Four patients were taking chlorpromazine during admis-
sion, none of whom were tested for histone antibodies. No other
recognized ANA-inducing medications were identified. Hepatitis
C was a common comorbidity for patients with ANA positivity,
with 24 of 135 patients (18%) having a documented or serologic
history.

At discharge, there were 4 patients with documented SLE
who also met the 2019 ACR/EULAR criteria for SLE (Table 2).
Two of these patients had known SLE diagnosed >6months prior
to admission. Two patients met the predetermined attribution cri-
teria for NPSLE and had clinical manifestations of SLE in addition
to psychosis.

Patient 1 was a 71-year-old woman with known SLE who
was diagnosed with deliriumwith psychotic features during a hos-
pital admission for pulmonary hemorrhage, arthritis, fever, and
pancytopenia related to her autoimmune disease. She met criteria
for NPSLE and was treated with intravenous immunoglobulin,
methylprednisolone, and mycophenolate, as well as with sodium
valproate and olanzapine.

Patient 2 was a 29-year-old woman with known mixed con-
nective tissue disease. During admission, she was reviewed by
the immunology service and underwent magnetic resonance

imaging (MRI) of the brain, which yielded normal results. She did
not meet the criteria for NPSLE. She was treated with mirtazapine
and quetiapine. At follow-up 2 years after index admission, her ill-
ness was being treated as SLE/rheumatoid arthritis overlap with
adalimumab, azathioprine, and prednisone 10 mg daily.

Patient 3 was a 72-year-old woman presenting in the context
of obstructive lung disease and long-standing paranoid delu-
sions. She had alopecia, previous photosensitive rash, and
elevated double-stranded DNA (dsDNA). After rheumatology
inpatient consult service, she underwent computed tomography
of the brain and cerebral single-photon–emission computed
tomography, showing no features of NPSLE; she did not meet
the criteria for NPSLE. She was treated with 40 mg of prednisone
for obstructive lung disease. Follow-up data were not available.

Patient 4 was a 36-year-old woman with oral ulcers, arthritis,
and a history of seizures. She met the criteria for NPSLE and was
treated with intravenous methylprednisolone, hydroxychloroquine,
rituximab, and risperidone. At follow-up, 46 months after admis-
sion, the patient was noncompliant with SLE-directed therapy
but had no documented features of active SLE or psychosis.

One 32-year-old female patient developed psychosis in the
context of known primary antiphospholipid syndrome with previ-
ous deep venous thrombosis and high positive antiphospholipid
antibody titers. An MRI of the brain showed evidence of microvas-
cular ischemia with small foci of T2 hyperintensity in the left frontal
and left inferior cerebellar hemisphere. Psychosis was deemed
secondary to primary antiphospholipid syndrome. She did not
meet the criteria for SLE. Her treatment included warfarin and ris-
peridone. She did not receive treatment with immunosuppressive
drugs.

Discharge data were available for all patients, and long-term
follow-up data were available for 113 of 135 patients (84%). The
mean follow-up time was 47 � 26 months.

Table 1. Characteristics of patients admitted with psychosis*

ANAs tested ANAs not tested P

Site 1†
ANA positive, no. (%) 78 (17) – –

Age, years 43.6 � 16.4 42.9 � 15.5 0.39
Female sex, no. (%) 205 (46) 860 (43) <0.01
No. of admissions 3.2 � 4.1 2.1 � 2.6 <0.01
Length of stay, days 40.3 � 40.8 27.4 � 32.1 <0.01
Patients with NPSLE, no. (%) 1 (0.2) – –

Site 2‡
ANA positive, no. (%) 57 (12) – –

Age, years 38.7 � 13.3 39.6 � 12.7 0.18
Female sex, no. (%) 258 (56) 720 (39) <0.01
No. of admissions 2.1 � 2.4 2.0 � 2.6 0.45
Length of stay, days 22.6 � 23.6 19.0 � 21.7 <0.01
Patients with NPSLE, no. (%) 1 (0.2) – –

* Values are the mean � SD unless indicated otherwise. ANAs = antinuclear antibodies;
NPSLE = neuropsychiatric systemic lupus erythematosus.
† For site 1, n = 2,451 patients, including those with ANAs tested (n = 449) and ANAs not
tested (n = 2,002).
‡ For site 2, n = 2,315 patients, including those with ANAs tested (n = 462) and ANAs not
tested (n = 1,853).
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One patient, a 45-year-old woman, was diagnosed with a
connective tissue disease at long-term follow-up. She was diag-
nosed with Sjögren’s syndrome 6 years after her index admission
for psychosis. This patient did not meet NSPLE criteria during her
psychosis admission and did not display features of active psy-
chosis at follow-up.

Based on the admission and follow-up data, the overall prev-
alence of NPSLE in patients admitted with psychosis who tested
positive for ANAs was 2 of 135 (1.5%). This represents 0.2%
(2 of 911) of all patients tested for ANAs.

DISCUSSION

While previous studies have shown the prevalence of neuro-
psychiatric events in patients with established SLE (4), there is a
paucity of data regarding the use of testing for ANAs to screen
for NPSLE in patients with psychosis (6,7) or the significance of
a positive test. Our study demonstrates the prevalence of NSPLE
in a group of selected inpatients with psychosis and ANA positivity
to be <2%. Given that this is a patient group with severe disease
requiring admission, it could be expected that in psychosis
patients, more generally ANA testing may yield an even lower pro-
portion of clinically significant results. The overall prevalence of
NPSLE in those tested for ANA was 0.2%, suggesting the diag-
nostic yield in this context to be very low.

Only 2 new diagnoses of SLE were identified by testing for
ANAs, and only 1 of them was determined to have NPSLE.

Hence, the rate of finding a new diagnosis of SLE with associated
NPSLE among all patients tested for ANA was 0.1%. This indi-
cates that 1,000 psychosis patients would need to undergo
ANA screening to identify 1 new case of NPSLE. The patients with
previously known SLE did not have a change in their clinical
approach due to ANA positivity, as clinicians were already alerted
to the possibility of NPSLE as a cause of psychosis.

Importantly, other features of SLE, such as a high titer ANA,
homogeneous pattern, elevated dsDNA antibodies, and low serum
complement proteins, were all features of patients adjudged to
have NPSLE. Absence of these or other features of SLE makes
an underlying diagnosis of NPSLE unlikely (3). As psychosis itself
is a manifestation of SLE, ANA testing may still be considered,
especially where there are other potential manifestations of SLE.

The mean length of follow-up of >3 years, while not complete
for all patients, is likely to allow adequate time for the development
of subsequent underlying SLE to become apparent (4). Patients in
our study often had a long-standing psychotic disorder, further
extending the period for development of other SLE manifesta-
tions. Depending on the patient’s ethnicity, NPSLE is usually
associated with other clinical features of SLE that would become
clinically apparent given the long period of data collection and
follow-up (3,4).

Performing this study at 2 sites provides validity to its find-
ings. The total number of patients with psychosis was similar at
both sites. The rate of ANA testing was similar (18% and 20%),
as were the characteristics of tested patients and the rate of

Table 2. Patients meeting the ACR/EULAR 2019 criteria for SLE*

Patient
no.

Age,
years

Clinical
features
of SLE

Serologic
features
of SLE

Timing of
psychosis

MRI
brain

SPECT
scan

Corticosteroid
dose at time
of psychosis

NPSLE
criteria
met Treatment

Patient 1† 71 Arthritis, fever,
AIHA, tcp,
pulmonary
hemorrhage

ANA 1:2,560
homogeneous,
Ro52, Ro60,
SSB, low C3,
low C4, dsDNA,
Sm, aPL

>6 months
after SLE
diagnosis

Mild
diffuse
atrophy

Not done None Yes IVIG, IVMP,
mycophenolate
valproate,
olanzapine

Patient 2† 29 Arthritis,
serositis,
RA/SLE
overlap

ANA 1:2560
speckled,
RNP, CCP,
RF, dsDNA

>6 months
after SLE
diagnosis

Normal Not done 7.5 mg/daily No Mirtazapine,
quetiapine

Patient 3‡ 72 Alopecia ANA 1:320
speckled,
dsDNA

Within 6
months
of SLE
diagnosis

Not done No features
of cerebral
SLE

None No NA

Patient 4‡ 36 Ulcers,
arthritis,
seizure

ANA 1:5120
homogeneous,
dsDNA,
low C3

Within 6
months
of SLE
diagnosis

Normal Consistent
with
cerebral
SLE

None Yes IVMP, rituximab,
risperidone,
hydroxychloroquine

* All patients (1–4) were female. ACR= American College of Rheumatology; AIHA= autoimmune hemolytic anemia; ANA= antinuclear antibody;
aPLs = antiphospholipid antibodies; CCP = cyclic citrullinated peptide; dsDNA = double-stranded DNA; EULAR = European Alliance of Associa-
tions for Rheumatology; ITP = immune thrombocytopenia; IVIG = intravenous immunoglobulin; IVMP = intravenous methylprednisolone;
MRI = magnetic resonance imaging; NA = not available; NPSLE = neuropsychiatric systemic lupus erythematosus; RA = rheumatoid arthritis;
RF = rheumatoid factor; RNP = ribonucleoprotein antibody; SLE = systemic lupus erythematosus; SPECT = single-photon–emission computed
tomography; SSB = La/SSB antibody; tcp = thrombocytopenia.
† Patients at site 2.
‡ Patients at site 1.
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ANA positivity. Taken together, this suggests that the results may
be more broadly applicable.

Patients tested for ANAs had more prolonged admissions
than their peers at both centers. This suggests that those with
recalcitrant mental health issues were more likely to have further
testing. Screening for organic causes of psychosis was the most
common reason given for testing ANAs. Female patients were
tested more commonly at both sites, possibly due to the
expected female preponderance of SLE.

Patients who were ANA positive were infrequently referred
for rheumatology or clinical immunology review. The reason for
this is not clear but perhaps relates to the frequently low ANA titer
and lack of other clinical features found in these patients.

This study did not assess for the prevalence of ANA positivity
in patients with psychosis; a prospective cohort has shown no
significant difference between patients with schizophrenia and a
group of healthy controls (14). There are potential confounding
factors for the higher prevalence of ANA positivity in our study,
the most important being selection bias by the treating clinicians.
Hepatitis C infection was a common association in the patients
who were ANA positive. There is an established link between hep-
atitis C infection and ANA positivity that may account for this find-
ing (15). As highlighted in other prevalence studies, antipsychotics
such as chlorpromazine may be another confounder for positive
ANA (14).

The present study builds on previous studies that have been
conflicting in their findings regarding the outcome of ANA testing
in patients admitted with mental health disorders (6,7). The cohort
in our study of ANA-positive patients with psychosis is signifi-
cantly larger than the cohorts in previous studies and suggests
that the rate of NPSLE is very low.

The main limitation of the study was a retrospective rather
than prospective design. Testing of ANAs in the present study
was not uniform and was performed at the discretion of the treat-
ing psychiatrist. As a result, it did not assess the prevalence of
NSPLE in a general hospital inpatient psychosis population but
rather the prevalence in those selected to undergo ANA testing.
While this may limit generalizability, we believe it does not detract
from the key finding of the study, namely that the rate of NPSLE
is very low in acute hospital inpatient psychosis patients with
ANA positivity. Indeed, the ANA sampling bias in this cohort may
have overestimated the rate of NPSLE in ANA-positive psychosis
patients, as psychiatrists generally ordered the ANA testing when
they had suspicion of organic disease.

Other limitations of the present study include a lack of patient
follow-up by a specialist experienced in the diagnosis of NPSLE
and incomplete follow-up data, with 16% of ANA-positive patients
lost to follow-up. In a low prevalence condition, this increases the
risk that the data exclude important results that may significantly
change the outcome.

In conclusion, in a preselected group of hospital inpatients
with psychosis, the likelihood of ANA positivity being associated

with NPSLE was low. Only 2 patients had a diagnosis of NPSLE,
which represented 1.5% of those who were ANA positive and
0.2% of those undergoing ANA testing. Both of these patients
had extra-psychiatric clinical features of SLE. The findings of this
study argue against routine screening of ANAs in hospital inpa-
tients with psychosis.
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Evolution of Systemic Sclerosis–Associated Interstitial
Lung Disease One Year After Hematopoietic Stem Cell
Transplantation or Cyclophosphamide

Jacopo Ciaffi,1 Nina M. van Leeuwen,2 Maaike Boonstra,2 Lucia J. M. Kroft,2 Anne A. Schouffoer,3

Maarten K. Ninaber,2 Tom W. J. Huizinga,2 and Jeska K. de Vries-Bouwstra2

Objective. Hematopoietic stem cell transplantation (HSCT) and cyclophosphamide (CYC) are treatment options for
progressive systemic sclerosis associated with interstitial lung disease (SSc-ILD). The aims of our retrospective obser-
vational study were to evaluate: 1) the evolution of SSc-ILD in SSc patients treated with HSCT (assessed by high-
resolution computed tomography [HRCT]; a group of patients treated with CYC was included as frame of reference);
2) how results of pulmonary function tests (PFTs) are associated with HRCT findings; and 3) which factors predict
ILD reduction.

Methods. We semiquantitatively scored total ILD extent, reticulations, and ground-glass opacities (GGO) scores at
baseline and at the 1-year HRCTs of SSc patients treated with HSCT or CYC. Linear association between changes in
HRCT scores and PFT results and predictors of ILD improvement were studied.

Results. We included 51 patients (those treated with HSCT [n = 20] and those treated with CYC [n = 31]). The mean
change in total ILD score was –5.1% (95% confidence interval [95% CI] –10.2, 0.0) in the HSCT treatment group (P =

0.050), and –1.0% (95%CI –4.3, 2.3) in theCYC treatment group (P = 0.535). For all patients, the evolution of HRCT scores
wasweakly associatedwith relative changes in PFT results. In univariate logistic regression, higher ground-glass opacities,
higher total ILD, and lower single-breath diffusing capacity for carbonmonoxide scores at baseline predicted improvement
of ILD extent after treatment, but a multivariable model could not be built to assess independency of predictors.

Conclusion. One year after treatment with HSCT, a nonsignificant but clear reduction of SSc-ILD extent was
observed. Changes in PFT results were associated with changes in HRCT scores but the correlation was weak and
cannot be considered conclusive.

INTRODUCTION

Systemic sclerosis (SSc) is a complex connective tissue dis-
ease characterized by autoimmunity, vasculopathy, and fibrosis
of skin and internal organs (1). Prevalence of SSc associated with
interstitial lung disease (SSc-ILD) is estimated to be between 35%
and 52% of SSc patients (2), but presence of lung abnormalities
assessed by high-resolution computed tomography (HRCT) of
the thorax has been described in up to 80% of SSc patients (3).

Complementarily to pulmonary function tests (PFTs), HRCT
is the recommended screening tool to detect ILD in patients with
SSc (4). With HRCT, ground-glass opacities (GGO), reticulations,

subpleural nodules, and honeycombing, which are the character-
istic features of ILD, can be recognized. It is also possible to iden-
tify the ILD pattern that, in SSc, is predominantly nonspecific
interstitial pneumonia (5,6). Moreover, distinguishing patients with
or without extensive lung involvement has significant treatment
implications, underlining the prognostic relevance of HRCT (7).

In general, there are 2 treatment regimens most frequently
adopted for SSc-ILD. Based on the results of Scleroderma Lung
Study I (SLS-I) and II (SLS-II) (8,9), an induction phase with cyclo-
phosphamide (CYC) that is followed or not followed by mainte-
nance therapy with mycophenolate mofetil (MMF) or azathioprine
(10), or, alternatively, MMF alone, are often chosen. The role of
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biologic therapies, such as tocilizumab (11) or rituximab (12), is
not yet supported by strong evidence, and the advent of antifibro-
tic agents promises to enrich the narrow armamentarium for SSc-
ILD (13). According to the latest update of the European Alliance
of Associations for Rheumatology (EULAR) recommendations
for the treatment of SSc (14) and after 3 positive randomized con-
trolled trials (RCTs) (15–17), hematopoietic stem cell transplanta-
tion (HSCT) is the other option to be considered for SSc-ILD in
selected patients with rapidly progressive disease who are at risk
of organ failure (after thorough screening).

The effect of CYC on the evolution of ILD assessed through
HRCT (HRCT-ILD) in SSc patients has been evaluated in 2 analy-
ses of the SLS trials (18,19), while the potential of HSCT to modify
the progression of ILD extent has been investigated in 2 studies
involving a limited number of patients (15,20). The main purpose
of our research is to contribute additional real-world data retro-
spectively describing the evolution of SSc-ILD in patients treated
according to the latest EULAR recommendations (14). Specifi-
cally, we are interested in the course of ILD in patients treated with
autologous HSCT. Patients who received conventional immuno-
suppressive therapy with CYC were included as frame of refer-
ence to evaluate whether the changes in ILD that were observed
after HSCT are different from what can be expected with intrave-
nous CYC. The secondary objectives were to investigate the
strength of correlation between HRCT evolution and changes in
PFT results and which patient-related factors can predict ILD
reduction in response to immunosuppressive therapy.

PATIENTS AND METHODS

Patients. The studied population was composed of adult
patients enrolled in the Leiden Combined Care in SSc (CCISS)
cohort (21). Data were collected between 2004 and 2019. To be
included in the study, all participants had to meet the following cri-
teria: 1) fulfill the 2013 American College of Rheumatology/EULAR
classification criteria for SSc (22); 2) have evidence of ILD on
baseline HRCT; 3) have been treated either with autologous

HSCT or with intravenous CYC for at least 6 months; and 4) have
high-quality HRCT images at baseline and after treatment com-
pletion available for scoring.

Research on the CCISS cohort is approved by the Ethics
Committee of Leiden University Medical Center (LUMC) (approval
number P09.003), and all patients gave written informed consent.
The study was conducted in accordance with the principles of the
Declaration of Helsinki.

HRCT scoring. Baseline and follow-up HRCT scans were
acquired in supine position and at maximal inspiration, using a
standardized protocol at the radiology department of the LUMC.
In all patients, HRCT scans were obtained contiguously with a
slice thickness of 1–2 mm. Baseline HRCTs performed less than
6 months before the start of therapy and follow-up HRCTs
obtained from 6 to 18 months after HSCT procedure or after first
CYC pulse were selected for scoring. These HRCTs were per-
formed as standard annual evaluation in the context of the dedi-
cated SSc care pathway (21).

Two investigators (1 thoracic radiologist [LJMK] and 1 rheu-
matologist [AAS]), who are experienced in evaluation of chest
imaging in patients with connective tissue diseases, indepen-
dently scored all HRCTs blinded for patients’ clinical characteris-
tics, treatment history, and pulmonary function. For each patient,
baseline and follow-up HRCTs were directly compared. Scoring
of total ILD extent was performed according to the simple visual
semiquantitative system described by Goh et al (7). The following
5 levels were examined: 1) origin of great vessels, 2) main carina,
3) pulmonary venous confluence, 4) halfway between the third
and fifth section, and 5) immediately above the right hemi-dia-
phragm. In each of the 5 sections, total ILD extent was estimated
at the nearest 5% approximation. The method proposed by Goh
et al (7) would then provide separate estimations of GGO and
reticular pattern (RET) extents, multiplying the relative proportions
of GGO and RET by the total ILD extent in each level. In order to
be more adherent to what is observed in clinical practice, we
decided not to evaluate GGO and RET in the 5 levels as relative
proportions but rather as extents at the nearest 5% approxima-
tion. Considering that the GGO and RET may overlap in the same
portion of lung parenchyma, a single area could be scored as
involved by both. As a consequence, the ILD extent would not
necessarily correspond to the mere summation of the 2 compo-
nents. Global scores for each of the 3 variables were calculated
as the mean of the scores obtained at the 5 levels. The mean of
the 2 global scores of each variable, computed by the 2 readers
(LJMK and AAS), resulted in the total scores, namely GGO, RET,
and total ILD scores. Discrepancies above 10% in any of the vari-
ables’ global scores were discussed between the 2 readers to
reach consensus. Changes at follow-up were computed as abso-
lute percentages compared to baseline scores.

A study by Goldin et al (19) demonstrated that decreases or
increases of at least 4% in quantitative ILD scores in the lobe of

SIGNIFICANCE & INNOVATIONS
• Analyzing patients with systemic sclerosis (SSc) who

were followed in our cohort through serial high-
resolution computed tomography (HRCTs), we
observed a clear reduction in the extent of intersti-
tial lung disease (ILD) 1 year after hematopoietic
stem cell transplantation (HSCT).

• Literature on HSCT in SSc mainly derives from ran-
domized controlled trials. Our work contributes
real-world data about the evolution of SSc-
associated ILD after HSCT.

• Our findings suggest a weak correlation between
changes in HRCT and modifications of pulmonary
function tests.
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maximal involvement and of 2% or more in the whole lung were
considered to respectively identify significant worsening or
improvement in ILD extent in SSc patients, while scores that
remained within these limits represented stable disease; how-
ever, those thresholds were based on quantitative HRCT
texture-based computer-aided analysis. By contrast, the scor-
ing method proposed by Goh et al (7) is visual and, to our know-
ledge, no study has validated its longitudinal application.
Therefore, we collegially agreed that a difference of 5% between
pre- and posttreatment HRCTs, corresponding to the approxi-
mated minimum change visually identifiable at each HRCT level,
could be reliable to distinguish patients with different ILD evolu-
tion. Improvement or progression were thus defined, respec-
tively, as absolute reduction or increase above 5% in total ILD
score, while stability was defined as those patients in whom no
more than 5% ILD extent modification was identified at
follow-up.

Finally, since the differential diagnosis of GGO is wide-rang-
ing, other possible causes of ILD were always considered for all
patients with SSc. In Leiden, all SSc patients are assessed for pul-
monary arterial hypertension (PAH) at least annually. The screen-
ing is based on the European Society of Cardiology/European
Respiratory Society recommendations (23), and, since 2013, the
DETECT algorithm (24) is systematically applied to all patients in
order to identify individuals that should proceed to right-sided
heart catheterization. Moreover, since opportunistic and nonop-
portunistic infections can cause GGO, all HRCTs were evaluated
with a multidisciplinary approach involving thoracic radiologists, pul-
monologists, rheumatologists, and, in case of suspicion of infectious

processes, also infectious disease specialists. Bronchoalveolar
lavage, however, was performed only in patients with symptoms
suggestive of respiratory tract infection. Although lung biopsy would
provide a definitive diagnosis, the procedure is not routinely per-
formed in SSc patients at the LUMC.

Clinical and laboratory data. Demographic data and
clinical characteristics were collected at baseline, including dis-
ease subset, autoantibody positivity, presence of PAH, and
mean modified Rodnan skin thickness score. Screening for
PAH and HRCTs were preformed contextually as part of the
2-day care pathway for the follow-up of SSc patients. Disease
duration was defined as time since the onset of the first sign or
symptom attributable to SSc that was different from Raynaud’s
phenomenon. Results of baseline and follow-up PFTs that were
closest to the corresponding HRCT dates were collected, pro-
vided that the time interval between HRCTs and PFTs did not
exceed 3 months. All measurements were obtained at the pul-
monology department of the LUMC. Forced vital capacity (FVC),
forced expiratory volume in 1 second (FEV1), and single-breath
diffusing capacity for carbon monoxide (DLCO) corrected for
hemoglobin were included in the study. All physiologic values
were reported as percentages of the predicted reference values,
in accordance with published standards (25,26). Patients receiv-
ing 6 or 12 CYC pulses were analyzed as a single group because
they were comparable in terms of demographic characteristics
and HRCT scores at baseline, and at follow-up there was no sta-
tistically significant difference in mean changes of HRCT scores
and PFT results.

Table 1. Characteristics of patients*

Baseline characteristics
HSCT CYC

(n = 20) (n = 31) P

Female sex, no. (%) 10 (50) 24 (77) 0.043†
Age, years 46.5 � 10.1 51 � 12.8 0.189
Disease duration, median (IQR) years 2.5 (1.2–5.4) 1.8 (0.7–4.4) 0.380
dcSSc, no. (%) 18 (90) 19 (61) 0.025†
ATA, no. (%) 14 (70) 17 (55) 0.279
ILD, no. (%) 20 (100) 31 (100) 1
PAH, no. (%) 0 1 (3) 0.417
MRSS 23.2 � 12.2 13.5 � 10.4 0.003†
HRCT scores, %
Ground-glass score 20.3 � 13.6 21.5 � 12.7 0.737
Reticular pattern score 13.9 � 10.8 14.8 � 10.3 0.772
Total ILD score 26.8 � 14.6 25.1 � 13.9 0.679

Pulmonary function tests, % predicted ‡

FVC 77.8 � 18.1 80.2 � 16.7 0.633
FEV1 75.7 � 15.3 82.1 � 15.8 0.165
DLCO 53.4 � 19.2 53.3 � 11.6 0.985

* Values are the mean � SD unless indicated otherwise. ATA = anti–topoisomerase I antibodies; CYC = cyclopho-
sphamide; dcSSc = diffuse cutaneous systemic sclerosis; DLCO = single-breathdiffusing capacity for carbonmonox-
ide; FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity; HRCT = high-resolution computed
tomography; HSCT = hematopoietic stem cell transplantation; ILD = interstitial lung disease; IQR = interquartile
range; MRSS =modified Rodnan skin thickness score; PAH = pulmonary arterial hypertension.
† Significant.
‡ In 2 patients, baseline FVC and FEV1 (n = 1 in CYC group) or DLCO (n = 1 in CYC group) were not available,
while at follow-up FVC and FEV1 had not been obtained in 1 patient in the CYC group.
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Minimum clinically important difference (MCID) for FVC
changes in SSc-ILD has been estimated using data from the
SLS trials. It corresponds to a range from 3.0% to 5.3% for
improvement and from –3.0% to –3.3% for worsening (27). How-
ever, this MCID was obtained at group level in the SLS trials,
whereas in the present study we primarily aimed at assessing
changes in individual patients. Therefore, we applied a more

stringent 5% cutoff also to FVC changes, in order to identify
patients with improved, stable, or worsened ventilatory function.

The stratification method described by Goh et al (7) was
applied to define, at baseline, patients with extensive or limited
lung disease. In particular, patients with an ILD extent of ≤10%
were categorized as having limited disease and patients with
>30% as having extensive disease. For cases with an ILD extent
of >10% and ≤30%, an FVC of ≥70% or <70% stratified the
patient, respectively, in the limited or extensive disease group.

Statistical analysis. Statistical analysis was performed
using SPSS, version 23. Baseline demographic, clinical, and
laboratory characteristics were expressed using descriptive sta-
tistics, with mean � SD or median (interquartile range [IQR])
reported when appropriate. Differences in baseline characteristics
between patients treated with CYC or HSCT were analyzed.
These characteristics were compared using the 2-sample t-test
and Mann–Whitney U test, respectively, for normally and non-
normally distributed continuous variables, and with the chi-square
test for categorical variables. Pre- to posttreatment changes in
HRCT scores and PFT results were compared within groups
using paired sample t-tests, and differences in means were
reported with 95% confidence intervals (95% CIs). In the com-
bined population, Spearman’s rho (ρ) was used to evaluate the
correlation between absolute changes in HRCT scores and rela-
tive changes in PFT results, whereas univariate logistic regression
was used to assess baseline characteristics predictive of
improvement in ILD extent. P values less than 0.05 were consid-
ered statistically significant.

Table 2. Difference of pretreatment and 12-month posttreatment HRCT scores and PFTs within 2 groups*

Changes within groups

Pretreatment Posttreatment Difference (95% CI), %† P

HSCT
HRCT scores, %
Ground glass opacities score 20.3 � 13.6 14.1 � 8.7 –6.2 (–11.0, –1.4) 0.015‡
Reticular pattern score 13.9 � 10.8 13.5 � 10.3 –0.4 (–1.7, 0.9) 0.542
Total ILD score 26.8 � 14.6 21.7 � 11.8 –5.1 (–10.2, 0.0) 0.050

PFTs, %
FVC 77.8 � 18.1 84.7 � 19.2 +6.9 (3.5, 10.4) <0.001‡
FEV1 75.7 � 15.3 82.2 � 15.9 +6.5 (2.6, 10.4) 0.002‡
DLCO 53.4 � 19.2 55.1 � 15.0 +1.7 (–2.8, 6.3) 0.431

CYC
HRCT scores, %
Ground glass opacities score 21.5 � 12.7 19.8 � 12.3 –1.7 (–5.0, 1.6) 0.301
Reticular pattern score 14.8 � 10.3 16.2 � 10.9 +1.4 (0.0, 2.8) 0.053
Total ILD score 25.1 � 13.9 24.1 � 13.8 –1 (–4.3, 2.3) 0.535

PFTs, %
FVC 80.2 � 16.7 84.6 � 19.7 +4.4 (–0.5, 9.4) 0.077
FEV1 82.1 � 15.8 86.5 � 17.6 +4.4 (–0.2, 9.0) 0.061
DLCO 53.3 � 11.6 55.6 � 13.1 +2.3 (–1.4, 6.0) 0.209

* Values are the mean � SD unless indicated otherwise. 95% CI = 95% confidence interval; PFTs = pulmonary
function tests (see Table 1 for other definitions).
The posttreatment period was 12 months after HSCT or CYC treatment initiation.
† The reported differences are absolute percentages.
‡ Significant.

Figure 1. Proportion of improved, stable, or progressed patients
1 year after treatment with hematopoietic stem cell transplantation
(HSCT) or cyclophosphamide (CYC). Improvement or progression
were defined as absolute changes >5% in total interstitial lung dis-
ease (ILD) score, while stability identified patients with no more than
5% ILD extent modification at follow-up.
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RESULTS

Patient characteristics. In order to have the 1-year
follow-up HRCTs available, we included patients treated until
May 2018. Of the patients enrolled in the CCISS cohort,
40 received HSCT. Of these patients who received HSCT,
20 were not included in the present study. The main reasons
for exclusion were absence of ILD at baseline HRCT (n = 7)
and unavailability of HRCT images stored in digital format and
suitable for scoring (n = 9). Moreover, 3 patients died before

the follow-up HRCT could be obtained (treatment-related com-
plications, including sepsis and multiple organ failure [n = 2]
and disease progression [n = 1]), and in 1 case scoring accu-
racy was compromised by the presence of radiation-induced
pulmonary fibrosis. As a result, 20 patients (10 men, 10 women)
treated with HSCT were included in the study. As frame of ref-
erence, 31 patients (7 men, 24 women) who were treated with
6 monthly pulses (n = 17) or 12 monthly pulses (n = 14) of
CYC (750 mg/m2) were studied. Baseline characteristics are

Figure 2. Evolution of high-resolution computed tomography scores 1 year after treatment shown in descending order from maximum improve-
ment to maximum progression of interstitial lung disease (ILD) score. Individual changes from baseline to follow-up of total (ILD) score (A), ground-
glass opacities (GGOs) score (B), and reticular pattern (RET) score (C) are shown. Bars represent individual patients. HSCT= hematopoietic stem
cell transplantation; CYC = intravenous cyclophosphamide.
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presented in Table 1. In the population, the mean age at treat-
ment was 49.2 � 11.9 years and median disease duration
was 1.9 years (IQR 0.9–4.4 years). In the HSCT group, there
were more men (P = 0.043), more patients with diffuse cutane-
ous SSc (P = 0.025), and higher mean mRSS (P = 0.003).
Thirteen of the 20 patients treated with HSCT had received ≥1
immunosuppressive therapies before HSCT (CYC [n = 7],
methotrexate [n = 5], and glucocorticoids [n = 6]). In the CYC
group, 18 patients had been treated with at least 1 immunosup-
pressant before CYC was administered (methotrexate
[n = 10], MMF [n = 7], glucocorticoids [n = 12], azathioprine
[n = 4], and rituximab [n = 2]). Although it cannot be excluded
that these therapies had a long-term effect on ILD, all had
already been discontinued when baseline HRCTs included
in the present study were obtained and all patients had
progressive ILD.

Baseline HRCTs and PFTs. In the whole population, at
baseline, the mean total ILD score was 25.8% � 14.0%, the
mean GGO score was 21.0% � 12.9% and the mean RET score
was 14.4% � 10.4%. According to the staging system proposed
by Goh et al (7), which includes combining HRCT scores and PFT
results, 12 patients in the HSCT group (60%) and 12 in the CYC
group (39%) were classified as having extensive lung disease
while, respectively, 8 (40%) and 18 (58%) had limited disease. In
1 patient in the CYC group, pretreatment FVC was missing, and
the staging system could not be applied. In the studied popula-
tion, the mean baseline FVC and DLCO were, respectively,
79.2% � 17.2% and 53.3% � 14.9%.

The HRCT scores and the results of PFTs at baseline in
patients treated with HSCT or CYC were numerically comparable.
No statistically significant difference was detected between the
2 groups (Table 1).

HRCT and PFT changes at follow-up. Follow-up HRCTs
were obtained 11.4 � 3 months after treatment initiation. In the
HSCT group, the mean changes in HRCT scores were –5.1%
(95% CI –10.2, 0.0; P = 0.050) for total ILD, –6.2% (95% CI
–11.0, –1.4; P = 0.015) for GGO, and –0.4% (95% CI –1.7, 0.9;
P = 0.542) for RET (Table 2). In the CYC group, mean changes
in HRCT scores were –1.0 % (95% CI –4.3, 2.3; P = 0.535) for
total ILD, –1.7% (95% CI –5.0, 1.6; P = 0.301) for GGO, and
+1.4% (95% CI 0.0, 2.8; P = 0.053) for RET (Table 2). Using the
defined cutoff of >5% change in HRCT score to define ILD extent
improvement, stability, or progression, we found that 35% (n = 7)
of patients in the HSCT group and 19% (n = 6) in the CYC group
were categorized as improved, while ILD extent remained stable
respectively in 55% of patients in the HSCT group (n = 11) and
71% (n = 22) in the CYC group, and showed progression in
10% of patients in both groups (n = 3 in CYC and n = 2 in HSCT)
(Figure 1). Details regarding changes in each HRCT score at indi-
vidual patient level are provided in Figure 2. The HRCT scan of a
patient with marked ILD improvement after HSCT is shown (see
Supplementary Figure 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24451/abstract).

One year after HSCT, the mean FVC increased by 6.9%
(95% CI 3.5, 10.4; P < 0.001) and the mean DLCO by 1.7%
(95% CI –2.8, 6.3; P = 0.431). In the CYC group, the mean FVC
increased by 4.4% (95% CI –0.5, 9.4; P = 0.077) and the mean
DLCO by 2.3% (95% CI –1.4, 6.0; P = 0.209). Data are presented
in Table 2.

Applying the defined cutoff of 5% change in FVC% to define
improvement, stability, or progression of ventilatory function, we
observed that 55% (n = 11) of patients in the HSCT and 36%
(n = 11) in the CYC group experienced FVC% improvement after
treatment, respectively 40% (n = 8) and 42% (n = 13) were

Figure 3. Correlations between evolution of interstitial lung disease (ILD) and changes in pulmonary function tests. Scatter plots of bivariate cor-
relation, in the combined population, between changes in total ILD and relative changes in forced vital capacity (FVC) (A) or single-breath diffusing
capacity for carbon monoxide (DLCO) (B). At follow-up compared with baseline, changes in total ILD score were calculated as absolute differences,
and changes in FVC and DLCO were calculated as relative changes.
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stable, while in 5% (n = 1) and 16% (n = 5) of cases FVC% wors-
ened. Change in FVC% could not be calculated in 2 CYC patients
due to missing data.

Correlation of HRCT and PFTs changes. In a pooled
analysis of all patients, relative change in FVC was correlated with
changes in the mean total ILD score (ρ = –0.431, P = 0.002), in
the GGO score (ρ = –0.354, P = 0.013), and in the RET score
(ρ = –0.424, P = 0.002). Also, relative changes in DLCO were
associated with changes in the mean total ILD score (ρ =

�0.358, P = 0.011) and in the RET score (ρ = –0.368,
P = 0.009), but not with the GGO score (ρ = –0.266,
P = 0.062). Correlations between the evolution of ILD and
changes in FVC or DLCO are shown in Figure 3.

Predictors of improvement in the combined popula-
tion. As predefined, 13 patients (n = 7 in HSCT and n = 6 in
CYC group) were categorized as improved in the combined pop-
ulation. Baseline characteristics of improvers and nonimprovers
are shown (see Supplementary Table 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24451/abstract). Using HRCT-ILD improvement as
the dependent variable, we assessed baseline characteristics that
were predictive of a more favorable response to immunosuppres-
sion. In univariate logistic regression (Table 3), the baseline GGO
score (OR 1.20 [95% CI 1.08, 1.34], P = 0.001), total ILD score
(OR 1.12 [95% CI 1.04, 1.21], P = 0.003), and pretreatment
DLCO (OR 0.91 [95% CI 0.84, 0.97], P = 0.008) predicted
improvement in total ILD score at follow-up. As only 13 patients

were categorized as improvers (and also taking into consideration
the multicollinearity between predictors), a multivariable logistic
regression model could not be built, thus precluding the possibil-
ity to analyze the independency of the improvement predictors.

DISCUSSION

We performed a retrospective observational study to
describe the evolution of ILD for 1 year in SSc patients receiving
HSCT. A group of patients treated with intravenous CYC was
included as frame of reference. The main finding of our study is
that the mean ILD extent, which was evaluated through HRCTs
of the thorax, decreased in both groups. In particular, the mean
ILD extent decreased by 5.1% in the HSCT group and by 1.0%
in the CYC group. Secondly, we showed an association between
modifications of HRCT-ILD and changes in PFT results. However,
although statistically significant, the correlations between the evo-
lution of ILD and variations of PFT results, and in particular of
DLCO, were weak in all analyses. Thirdly, studying which baseline
factors might influence reduction of ILD extent in response to
immunosuppressive therapy, the independency of improvement
predictors could not be assessed and results cannot be consid-
ered conclusive.

Our findings indicate that, when SSc patients are treated in
accordance with current recommendations (14), stabilization or
even improvement of ILD is a reachable goal in the majority of
cases. Only 10% of patients showed progression of HRCT-ILD,
and, in our opinion, the mean reduction in ILD extent observed
after HSCT is indicative of a clear effect. Conversely, the minimal
change in total ILD extent observed after CYC can conceivably
be explained by measurement variability. Comparing the findings
in the HSCT group in our study with previous research, in a
small RCT, Burt et al (15) demonstrated how diseased-lung vol-
ume assessed through volumetric chest CT was significantly
decreased 1 year after HSCT in SSc patients. A pilot study by
Launay et al (20) reported a rapid improvement of SSc-ILD
6 months after HSCT that was mainly driven by the reversion
of GGO, but, in some patients, was transient over time when
longer-term follow-up HRCTs were analyzed. Nonetheless, also
the stabilization of ILD extent that was observed in patients
treated with CYC is in line with the available literature evidence.
Post hoc analyses of the SLS-I and SLS-II trials (18,19) described
the effect of CYC in preventing progression of ILD extent. More-
over, both after HSCT and after CYC, an improvement of PFTs
can be expected (16,28). Our findings of a potential efficacy of
HSCT and also of a role of CYC in modifying the evolution of SSc-
ILD are thus consistent with prior studies.

Combining data from the 2 treatment groups, we observed a
significant correlation between modifications in HRCT scores and
changes of FVC and DLCO at follow-up. Although we could only
analyze a limited number of patients, and the correlations that
we found are weak, our results suggest that a relationship

Table 3. Predictors of improvement in ILD extension at follow-up
HRCT*

ILD improvement at
follow-up HRCT

Variables OR (95% CI) P

Baseline GGO score 1.20 (1.08, 1.34) 0.001†
Baseline reticular pattern score 1.02 (0.95, 1.08) 0.662
Baseline total ILD score 1.12 (1.04, 1.21) 0.003†
Baseline FVC 0.96 (0.92, 1.01) 0.092
Baseline FEV1 0.97 (0.93, 1.01) 0.150
Baseline DLCO 0.91 (0.84, 0.97) 0.008†
Disease duration 0.76 (0.54, 1.07) 0.113
Age 1.02 (0.97, 1.08) 0.453
DcSSc 1.24 (0.31, 4.95) 0.756
Baseline mRSS 0.98 (0.93, 1.04) 0.540
ATA positivity 1.64 (0.43, 6.26) 0.472
Female sex 1.94 (0.46, 8.28) 0.368

* Univariate logistic regression in the combined population analyz-
ing patients with >5% reduction in interstitial lung disease (ILD)
assessed through high-resolution computed tomography (HRCT)
extension (13 of 51 patients). 95% CI = 95% confidence interval;
ATA = anti–topoisomerase I antibody; dcSSc = diffuse cutaneous
systemic sclerosis; DLCO = single-breath diffusing capacity for car-
bon monoxide; FEV1 = forced expiratory volume in 1 second;
FVC = forced vital capacity; GGO = ground-glass opacity; OR= odds
ratio.
† Significant.
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between HRCT findings and functional impairments can be iden-
tified in SSc patients (29). The role of PFTs in screening, diagno-
sis, and severity assessment of SSc-ILD is well established (4).
Additionally, our data are in line with the recent evidence-based
guidance for the identification and management of SSc-ILD (4),
delineating the relevance of using PFTs alongside HRCT to moni-
tor progression of the disease.

As a secondary aim of our study, we analyzed which pretreat-
ment disease-related or patient-related characteristics predicted
better response to immunosuppressive therapy. Due to the limited
number of patients included, our results cannot be considered
conclusive but, in univariate analysis, patients with higher GGO
score, higher total ILD score, and lower DLCO at baseline were
more likely to experience an improvement of HRCT-ILD 1 year after
treatment, while no correlation with RET scores was shown. Inter-
estingly, a retrospective analysis of the SLS-I trial (30) identified
more severe reticular changes at baseline as a predictor of better
response to CYC in terms of FVC improvement. However, it should
be noted that this study (30) used a different HRCT scoringmethod
and severity of GGO was apparently not considered in the regres-
sion model. In the current study, we included patients treated with
HSCT, which were not present in the SLS-I trial. As a conse-
quence, it is difficult to compare our results and the SLS-I trial with
regard to the contribution of GGO and reticulation on ILD evolution.
Moreover, we could not build a multivariable model and the inde-
pendency of the predictors could not be investigated.

Our study is not without limitations. First, it has a retrospec-
tive observational design. The majority of patients were not allo-
cated randomly to HSCT or CYC, and, within the CYC group,
not all patients received the same number of pulses. However,
this method was consistent with the purpose of our study. Litera-
ture on the role of HSCT in SSc-ILD is mostly derived from RCTs,
with a few contributions from observational cohorts (20,31). We
aimed to investigate the evolution of ILD in a real-world scenario,
where SSc patients are treated on the basis of clinical decisions.
As a result, patients in the HSCT group had more severe skin
involvement but, despite this, our study was focused exclusively
on lung disease and specifically in patients treated with HSCT,
with the CYC group included as frame of reference. Moreover,
all posttreatment investigations were performed according to
standard procedures, independently of patients’ symptoms. Sec-
ondly, we could only include 51 patients, and the limited popula-
tion size eventually prevented the possibility to conduct in-depth
analyses. Furthermore, the application of visual semiquantitative
scoring methods might be questionable, but it is important to
emphasize that all HRCT images were centrally acquired using
the same protocol and were scored by 2 experienced investiga-
tors with consensus reached when needed. Hence, we believe
that the evaluation of HRCTs was accurate. Finally, we decided
to limit the study to the first year of follow-up, thus preventing
the possibility to make considerations about longer-term effects
of HSCT and CYC.

In conclusion, this study shows that, after 1 year, 90% of
patients treated with HSCT or CYC present stable or reduced
ILD extent, but the improvement in HRCT-ILD observed after
HSCT was indicative of a favorable effect that did not emerge in
the CYC group. Our study contributes real-world data from a con-
siderable number of patients treated with HSCT, and screening
optimization and further research might help to redefine the role
of HSCT (which is currently considered a rescue therapy) as an
effective option to prevent the progression of, and even potentially
reverse, SSc-ILD.
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Relationship Between Gastrointestinal Transit, Medsger
Gastrointestinal Severity, and University of California–Los
Angeles Scleroderma Clinical Trial Consortium
Gastrointestinal Tract 2.0 Symptoms in Patients With
Systemic Sclerosis

Zsuzsanna H. McMahan,1 Ana E. Tucker,2 Jamie Perin,3 Elizabeth R. Volkmann,4 Subhash Kulkarni,1

Harvey A. Ziessman,1 Pankaj J. Pasricha,1 and Fredrick M. Wigley1

Objective. Systemic sclerosis (SSc)–associated gastrointestinal (GI) complications are attributed to a variety of fac-
tors, including diet, microbiota dysbiosis, or GI transit abnormalities. Our objective was to examine the contribution of
abnormal GI transit to SSc Medsger GI severity scores and/or University of California Los Angeles Scleroderma Clinical
Trial Consortium Gastrointestinal Tract (UCLA GIT) 2.0 symptoms.

Methods. Patients with SSc and GI symptoms (n = 71) and healthy controls (n = 18) underwent whole gut transit
(WGT) scintigraphy to assess transit from the esophagus to the colon. The presence of delayed transit and percent
emptying in each GI region were measured. We compared theWGTmeasurements between categories of the Medsger
GI severity score (0–4) and across UCLA GIT 2.0 domains and total score (0–3).

Results. A total of 88% of patients had >1 abnormal region of the gut on WGT scintigraphy. All patients requiring
total parenteral nutrition had delayed small bowel transit, compared to only approximately 11% of patients in other
Medsger GI severity groups (P ≤ 0.01). Severe colonic transit delays were more likely in patients with Medsger GI
scores of 3 (pseudo-obstruction and/or malabsorption) compared to other Medsger GI groups (P = 0.02). Seventy-
percent of these patients had ≤30% colonic emptying at 72 hours. Modest associations were noted between
gastroesophageal reflux disease symptoms and delayed esophageal (r = –0.31, P = 0.05) and gastric emptying
(r = –0.32, P = 0.05).

Conclusion. These data are important in providing evidence that SSc bowel disease affects transit of GI content
and that delay in transit accounts in part for both bowel symptoms andMedsger GI severity. Prospective studies exam-
ining the benefit of early therapeutic intervention targeting GI transit abnormalities in patients at high risk for severe GI
complications are needed.

INTRODUCTION

Systemic sclerosis (SSc) is a complex disease characterized

by autoimmunity, progressive vasculopathy, and excess deposition

of collagen due to aberrant fibroblast function in the skin and internal

organs (1,2). The gastrointestinal (GI) tract is the most commonly

identified internal organ involved in SSc, with approximately 90%

of patients affected (3). GI manifestations in patients with SSc are

variable in terms of symptoms, complications, time course, and

regions affected (4,5). A number of factors may contribute to GI

symptoms and severity, including diet, microbiota dysbiosis, or

abnormalities in GI transit (6,7). Pathologic findings and previous

physiologic studies implicate bowel dysfunction leading to dysmoti-

lity, yet these studies have not clearly determined the clinical impact
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of abnormalities in GI transit of food or content, particularly in the

lower bowel (8–12). Understanding the relationship between GI

severity, symptoms, and abnormal GI transit may allow for a more

targeted approach in the management of such patients with

regards to the selection and application of distinct therapies

(13–16). For example, some medications, such as octreotide, pri-

marily impact small bowel motility, whereas others, like prucalopride

or linaclotide, have a more significant impact on large bowel motil-

ity (17–19).
Whole gut transit (WGT) scintigraphy is a tool used to objec-

tively assess GI transit from the esophagus to the colon. It uses
the passage of radioisotopes ingested as a solid and liquid meal
through the gut to determine the extent and severity of the transit
abnormalities (20). The results of WGT scintigraphy can help
accurately define the regions of the gut affected by dysmotility as
well as categorize transit severity (14).

We hypothesized that abnormal GI transit would associate
with the severity of bowel dysfunction and specific GI clinical com-
plaints. We used WGT studies in conjunction with the Medsger GI
severity score and University of California Los Angeles Sclero-
derma Clinical Trial Consortium Gastrointestinal Tract (UCLA
GIT) 2.0 instrument to evaluate these associations (21–23). Identi-
fying such GI abnormalities that associate with poor outcomes
would facilitate the application of targeted therapies and the study
of earlier initiation of GI interventions in high-risk subgroups.

PATIENTS AND METHODS

Patients. All patients were from the Johns Hopkins
Scleroderma Center and met the 2013 American College of
Rheumatology/European League Against Rheumatism criteria
for SSc (24). Patients were part of a prospectively enrolled GI
cohort of patients evaluated in the Johns Hopkins Scleroderma
Center (GI Assessment Protocol [GAP] cohort). Whole gut scintig-
raphy studies were obtained as part of clinical care in patients
who had symptoms of significant upper GI disease or symptoms
of both lower and upper GI dysfunction. At the clinical visit, signif-
icant symptoms of GI dysfunction were defined as early satiety,

nausea/vomiting, unintentional weight loss, distension, bloating,
diarrhea, and/or constipation as determined by the treating
physician. To include patients from across the spectrum of GI
disease, WGT studies on minimally symptomatic (e.g., mild
heartburn alone) or asymptomatic SSc patients were obtained
as part of a research protocol. All study patients were evaluated
during their routine clinical visits at the Johns Hopkins Sclero-
derma Center. Written informed consent was obtained from all
patients. The current study was approved by the Johns Hopkins
Institutional Review Board.

Clinical phenotyping of the SSc patients. The Johns
Hopkins Scleroderma Center database collects demographic
and detailed clinical data from patients at their first clinical
encounter and every 6 months at subsequent follow-up clinical
visits. Age and disease duration were calculated from the date
of birth and the date of the first SSc-associated symptom
(Raynaud’s or non–Raynaud’s phenomenon) to the date of the
WGT study, respectively. Patients were identified as having lim-
ited or diffuse SSc based on the extent of skin tightness (25). To
define SSc phenotypes associated with specific GI dysmotility
patterns and GI severity, the maximum clinical severity scores
were used. The presence of a myopathy was denoted on the
basis of an elevated creatine phosphokinase with evidence of
electromyography supportive of myopathy, magnetic resonance
imaging with evidence of muscle edema, or muscle biopsy con-
sistent with myopathy (22). The muscle severity score was also
used to classify the degree of associated proximal muscle weak-
ness and was based on the following scale collected in our data-
base: 0 = full strength, 1 = ability to lift upper or lower
extremities against gravity with some resistance, 2 = ability to lift
upper or lower extremities against gravity only, 3 = ability to
move upper or lower extremities but not against gravity, and
4 = requiring ambulatory aids to walk (22,26).

Cardiac involvement was determined by the Medsger sever-
ity scale and was considered present with a score of 1 or greater
(0 = normal, 1 = evidence of conduction defect on electrocardio-
gram or left ventricular ejection fraction [LVEF] of 45–49% on
echocardiogram, 2 = evidence of arrhythmia on electrocardio-
gram or LVEF of 40–44%, 3 = clinical signs of left or right heart
failure or arrhythmia requiring treatment with medication or inter-
vention) (22,26). To capture the clinical phenotype, the minimum
measurements from the forced vital capacity and single breath
diffusing capacity of carbon monoxide pulmonary lung function
testing and maximum measurements from the estimated right
ventricular systolic pressure (measured by transthoracic echocar-
diogram) were used for the analysis (27). Sicca symptoms were
defined as the presence of at least 1 of the following: dry
eyes for >3 months, the use of artificial tears 3 times daily, dry
mouth for >3 months, swollen salivary glands, the necessity of liq-
uids for swallowing due to dry mouth, and/or the sensation of
sand or gravel in the eyes (28). Evidence of patient-reported GI

SIGNIFICANCE & INNOVATIONS
• Delayed gastrointestinal (GI) transit in specific

regions of the gut plays a role in severe GI complica-
tions in patients with scleroderma.

• Severe GI phenotypes in systemic sclerosis associ-
ate with delayed transit in the small bowel and
colon on whole gut transit studies.

• Several regions of the GI tract in patients with
scleroderma may be affected by dysmotility simul-
taneously, the knowledge of which can impact our
understanding and approach to targeted clinical
therapies for scleroderma patients with GI disease.
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symptoms was determined by the UCLA GIT 2.0 survey from the
time closest to the WGT study.

Autoantibody profile. SSc autoantibodies (anti–Scl-70,
anticentromere, anti–RNA polymerase III [anti-RNAP]) were deter-
mined for patients with available serum using a commercially
available Euroline immunoblot assay (Scleroderma [Nucleoli] Pro-
file Euroline IgG; Euroimmun). Moderate-to-high titers of autoanti-
bodies, as determined by the manufacturer’s cutoffs, were
considered positive.

Control population. The control population of 18 patients
with WGT studies was obtained from Johns Hopkins Nuclear
Medicine. These individuals were recruited through in-house adver-
tisements and were interviewed and screened with the aid of the
Mayo Clinic Research Questionnaire. The accepted controls had
no history of GI disorders or prior surgery, were not taking any med-
ications, did not smoke or abuse alcohol (no more than 2–3 drinks
per week) and were screened for GI disease through a standard
questionnaire. Individuals without a history or symptoms of GI dis-
ease were enrolled in this cohort (29).

Instruments. The UCLA GIT 2.0 instrument. Each scale
has a weighted subscore, with a 3-point categorical response
(0–3) used to evaluate all items, excluding items 15 and 31 in the
diarrhea and constipation categories, respectively, which rely on
a score of 0 or 1.

Modified Medsger GI severity score. Physician-reported GI
symptom severity was classified using the modifiedMedsger sever-
ity score (22). The score is composed of 5 categories that include: 1)
score 0 = normal (no GI symptoms); 2) score 1 = requiring gastro-
esophageal reflux disease (GERD) medications, including an H2
blocker, proton pump inhibitor or prokinetic, or an abnormal bowel
series; 3) score 2 = requiring high dose GERDmedications (defined
as greater than the lowest daily dose or a proton pump inhibitor plus
a prokinetic drug) and/or having small bowel dilation on radiogra-
phy; 4) score 3 = episodes of pseudo-obstruction or malabsorp-
tion syndrome; and 5) score 4 = severe GI dysmotility requiring
either supplemental enteral or total parenteral nutrition (TPN).

WGT study. Upon study entry, WGT scintigraphy was
obtained in all patients. Three days prior to the study, patients were
instructed to refrain from taking promotility agents, stool softeners,
opiates, benzodiazepines, or antibiotics (see Supplementary
Tables 1 and 2, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24488/abstract).
Patients were instructed to begin fasting at midnight prior to the
study. WGT scintigraphy required that the patient consume a stan-
dard amount of radiolabeled 111In water for the esophageal portion
and the liquid gastric emptying parts of the study. The patient then
consumed a radiolabeled 99mTc standard egg meal as part of the
solid gastric emptying study. Anterior and posterior standing
images were obtained by a gamma camera at standard times by

increments of hours (1, 2, 4, 6, 24, 48, and 72) to track the transit
of meals through the esophagus, stomach, and small and large
intestines. Gamma cameras were placed at the front and back of
the patient to monitor counts of radiation. A standard validated for-
mula (geometric mean) was used to correct for soft tissue attenua-
tion. Transit and emptying times were measured for each anatomic
region of the gut. The standardized ranges of normal and abnormal
transit, percent emptying at a given time in each region, and contin-
uous transit times in controls were described previously (29,30).

Statistical analysis. We first used cross-sectional analysis
to compare the clinical and demographic features of patients in the
GAP cohort with patients in the Johns Hopkins Scleroderma Center
cohort to determine whether the GAP cohort is representative over-
all of the scleroderma patients seen in our center. We performed
chi-square or Fisher’s exact tests to evaluate for associations
between dichotomous clinical and demographic variables.

We then sought to determine whether physician-scored GI
clinical severity as measured by the Medsger severity score
(e.g., pseudo-obstruction/malabsorption, TPN dependence, etc.)
is related to the presence of abnormal transit in distinct anatomical
GI regions or to the extent of GI transit delays. We described WGT
transit study data within each category of Medsger GI severity using
both the dichotomous (presence or absence of dysmotility) and
continuous data (percent emptying in an anatomical region and
transit time). To determine whether GI symptoms were associated
with specific GI transit abnormalities, we estimated the association
between GI symptom scores (i.e., reflux, distention, diarrhea, etc.)
of the UCLA GIT 2.0 and continuous measures of GI transit from
the WGT studies using Spearman’s rank correlations. We per-
formed Fisher’s exact tests to assess for the proportion of abnormal
transit by region (e.g., esophagus, stomach, small bowel, and
colon) in each category of the Medsger GI severity score. We also
calculated the median (interquartile range [IQR]) for regional transit
using the Medsger GI score, and compared the transit times of
each region (e.g., esophagus) for a trend across Medsger severity
categories using linear regression. Pearson’s correlations were esti-
mated for continuous variables, and Spearman’s correlations were
estimated for highly skewed continuous variables. Student’s t-tests
were used to examine differences between the means of continu-
ous variables between 2 groups. Stata software was used to per-
form the analyses. A P value of less than or equal to 0.05 was
considered statistically significant.

RESULTS

Clinical characteristics of the study cohort relative
to other patients in the Johns Hopkins Scleroderma
Center. Between October 2014 and February 2019, 71 patients
who met criteria for SSc with GI symptoms were evaluated at the
Johns Hopkins Scleroderma Center and completed WGT scintig-
raphy and the UCLA GIT 2.0 survey (GAP cohort). Patient
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mean � SD age with first manifestation of symptoms was
41 � 14 years. Of these patients, 85.9% were female and 78.6%
were White. The median disease duration of SSc was 6.5 years
(IQR 2.6–17.6), and mean � SD body mass index was 25.9 � 7.3
kg/m2. Limited cutaneous disease was present in 70% of patients.
In the cohort, 18.2% of patients had evidence of cardiac involve-
ment (Medsger cardiac score >1), and 54.6% had evidence of lung
involvement (Medsger lung score >1). In addition, 14.1% of patients
had evidence of myopathy, 41.8% had a Raynaud’s phenomenon
severity score >1, and 71.6% had sicca symptoms. Table 1 sum-
marizes the demographic features of the cohort.

During the same time period, 1,445 SSc patients were seen in
our center and did not enroll in this study. To determine whether the
study cohort was representative of the rest of theSclerodermaCen-
ter cohort, we compared clinical and serologic characteristics
between these 2 groups. Patients in the study group were largely
comparable to the patients in the SSc cohort, though patients in
the study group had a longer disease duration (from onset of first
symptoms to baseline visit: 6.5 versus 4.2 years; P < 0.01). In the

study group there were fewer patients with mild GI disease
(Medsger GI severity score of 1: 22.4% versus 42.2%; P < 0.01)
and more patients with severe GI disease (Medsger GI severity
score of 3: 14.9% versus 5.5%; P < 0.01). In the study group, there
was less severe Raynaud’s phenomenon (Medsger score ≥2 in
41.8% versus 55.0%; P = 0.03) and a better forced vital capacity
(79.9% versus 72.8%; P < 0.01), which is to be expected in a
cohort of patients with predominantly limited cutaneous disease
(31). Anticentromere antibodies were more commonly present in
our study cohort (45% versus 27%; P < 0.01), while anti–RNAP III
antibodies were significantly less prevalent (3% versus 17%;
P < 0.01). Given that GI disease is known to be less severe among
patientswith anti-RNAPantibodies, aswell as the higher prevalence
of limited cutaneous disease in our cohort, these findings were not
surprising (32–35). The distribution of other clinical features and
serologies were otherwise comparable between the 2 groups.

GI characteristics of the cohort. GI transit measured by
whole gut scintigraphy is significantly different between SSc

Table 1. Characteristics of the SSc patients with and without WGT in the Johns Hopkins Scleroderma Center cohort*

Characteristic
WGT

(n = 71)
No WGT

(n = 1,445) P

Age at first symptoms, mean � SD 41 � 14 42 � 15 0.59
Disease duration: 1st symptoms to baseline, median (IQR) 6.5 (2.6–17.6) 4.2 (1.6–11.8) <0.01†
Male 10/71 (14.1) 222/1,442 (15.4) 0.77
Body mass index, mean � SD 25.9 � 7.3 NA –

White 55/70 (78.6) 1,097/1,441 (76.1) 0.64
Ever smoker 6/53 (11.3) 101/958 (10.5) 0.86
SSc type limited cutaneous disease 49/70 (70.0) 891/1,423 (62.6) 0.25
Maximum Medsger GI score at first visit
0 5/67 (7.5) 118/1,443 (8.2) 1.00
1 15/67 (22.4) 609/1,443 (42.2) <0.01
2 34/67 (50.8) 615/1,443 (42.6) 0.19
3 10/67 (14.9) 80/1,443 (5.5) <0.01
4 3/67 (4.5) 21/1,443 (1.5) 0.09

Cardiac involvement >1 10/55 (18.2) 318/131 (24.1) 0.31
Myopathy 9/64 (14.1) 314/1,427 (22.0) 0.13
Sicca 48/67 (71.6) 1,019/1,441 (70.7) 0.87
Raynaud’s phenomenon severity >1 28/67 (41.8) 794/1,443 (55.0) 0.03†
Lung involvement >1 30/55 (54.6) 837/1,304 (64.0) 0.15
Cancer 16/69 (23.2) 256/1,445 (17.7) 0.25
Death 2/70 (2.9) 93/1,132 (8.2) 0.17
Pulmonary function parameters
FVC % predicted, mean � SD 79.9 � 23.0 72.8 � 19.9 <0.01†
DLCO % predicted, mean � SD 66.1 � 26.4 64.2 � 23.7 0.54

RVSP by echo, mean � SD mm Hg 31.2 � 6.8 34.7 � 19.1 0.30
Antibodies
Scl-70 (i.e., topoisomerase I) 10/62 (16) 291/1,162 (25) 0.11
Centromere 28/62 (45) 318/1,162 (27) <0.01†
RNA polymerase III 2/62 (3) 193/1,162 (17) <0.01†
Ro52 15/62 (24) 308/1,162 (27) 0.69
ThTo 4/62 (7) 91/1,162 (8) 1.00
U3 RNP 3/62 (5) 78/1,162 (7) 0.79
Ku 5/62 (8) 45/1,162 (4) 0.10
PMScl 2/62 (3) 32/1,162 (3) 0.70

* Values are the number/total number (%) unless indicated otherwise. DLCO = diffusing capacity of carbonmonoxide; FVC= forced vital capac-
ity; GI = gastrointestinal; IQR = interquartile range; NA = not applicable; RVSP = right ventricular systolic pressure; SSc = systemic sclerosis;
WGT = whole gut transit.
† Statistically significant.
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patients and controls. As this was the first study to measure GI
transit in a large population of patients with SSc using WGT scin-
tigraphy, we first compared transit times and percent emptying
between patients with SSc and controls. As expected, SSc
patients had a significantly higher prevalence of abnormal esoph-
ageal function than the control group (59% versus 12%;
P < 0.01). The median esophageal transit time was significantly
delayed in SSc patients when compared to controls (22 seconds
versus 10 seconds; P < 0.01), as was the median esophageal
percentage emptying at 10 seconds (80% versus 92%;
P < 0.01). Gastric emptying as measured by the percent empty-
ing of solids at both 2 hours (61% versus 84%; P < 0.01) and
4 hours (95% versus 98%; P < 0.01) was significantly delayed in
SSc patients compared to controls. Delayed small bowel transit
was more common among SSc patients compared to controls,
though the number of abnormal studies was small, and the differ-
ence in the prevalence of this abnormality was not statistically sig-
nificant (14% versus 6%; P = 0.45). The percent colonic
emptying at 72 hours was also significantly less in SSc patients
compared to controls (48% versus 84%; P = 0.02). Table 2 sum-
marizes the whole gut scintigraphy findings in both cohorts.

Delayed GI transit in specific parts of the gut associates with
severe SSc GI complications. To determine whether distinct GI
transit abnormalities associate with specific clinical SSc GI com-
plications, we examined the prevalence of delayed transit in the
esophagus, stomach, small bowel, and colon (measured by
WGT) within each category of Medsger GI severity. We then com-
pared transit times/percent emptying in the esophagus, stomach,
small bowel, and colon across each category of the Medsger GI
severity score (Table 3).

The esophagus and colon were most frequently abnormal on
WGT scintigraphy across all categories of the Medsger GI score.
Evidence of delayed esophageal transit was noted in the majority
of patients without symptoms (Medsger score 0: ~60%). (11) In
patients with mild symptoms of GERD (Medsger 1), less than
one-half had evidence of delayed esophageal transit. In contrast,
more patients with refractory GERD (Medsger 2) had both
delayed esophageal transit and gastroparesis compared to
patients in the Medsger 1 group, though the difference was not
statistically significant.

Small bowel transit delay was rare among most Medsger GI
severity groups (scores 0–3), as each of these Medsger GI groups
had an estimated 11% of patients with evidence of small bowel
transit delay. In contrast, among the most severe Medsger cate-
gory of GI disease (Medsger 4, TPN dependence), 3 of 3 (100%)
had small bowel involvement. Table 3 summarizes the association
between the Medsger severity scores and WGT study findings.

Among patients scored as having recurrent pseudo-
obstruction and malabsorption (Medsger GI score of 3), colonic
transit was severely delayed, with a median percent emptying of
3.5% at 72 hours on WGT, which was lower than the other
groups collectively (P = 0.02). In addition, within this group of
patients, almost 1 of 3 (27%) had no colonic emptying (0%) at
72 hours, which was not the case for any other Medsger GI sever-
ity score. When looking across all groups of Medsger GI severity
by linear regression, we found that there was a trend toward more
severe disease and lower percent colonic emptying at 72 hours
(P = 0.07). Finally, when comparing severe and none-to-
moderate GI disease (Medsger 3 or 4 versus 0–2, respectively),
patients with more severe disease had a lower mean percent

Table 2. Objective GI involvement in SSc using the Whole Gut Transit study*

Region of the gut
WGT in SSc
(n = 71)

WGT in controls
(n = 18) P

Esophagus
Abnormal, no./total (%) 41/70 (59) 2/17 (12) <0.01†
Esophageal transit time, sec. 22 (11–30) 10 (8–12) <0.01†
Esophageal % emptying at 10 sec. 80 (62–88) 92 (86–93) <0.01†

Stomach
Liquid
Abnormal, no./total (%) 16/71 (23) 1/18 (6) 0.18
Delayed T1/2, minutes 18 (13–22) 16 (11–20) 0.17

Solid
Abnormal, no./total (%) 13/71 (18) 1/18 (6) 0.28
% emptying at 2 hours 61 (45–75) 84 (65–87) <0.01†
% emptying at 4 hours 95 (88–98) 98 (97–99) <0.01†

Small bowel
Abnormal, no./total (%) 10/70 (14) 1/18 (6) 0.45
% emptying at 6 hours 73 (58–82) 72 (62–77) 0.53

Colon
Abnormal, no./total (%) 38/69 (55) 7/18 (39) 0.22
% emptying at 72 hours 48 (0–87) 84 (60–94) 0.02†

* Values are the median (interquartile range) unless indicated otherwise. Normal ranges: esophageal transit
time ≥15 seconds; esophageal emptying at 10 seconds ≥83%; normal liquid T1/2 ≤74 minutes; solid emptying
2 hours ≥40%; solid emptying 4 hours ≥90%; normal small bowel transit time at 6 hours ≥49%; normal % colonic
emptying at 72hours≥67%.GI=gastrointestinal; sec.= seconds; SSc= systemic sclerosis;WGT=wholegut transit.
† Statistically significant.
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emptying of the colon at 72 hours compared to those with none-
to-moderate disease (27% versus 53%; P = 0.04).

GI symptoms (GIT 2.0) associate with GI transit delays by
WGT in SSc. The median interval between the collection of the
UCLA GIT 2.0 survey and the WGT study was –0.08 (IQR –

5.08, 8.75) months. Using the UCLA GIT 2.0 scale, greater reflux
scores showed a modest association with longer esophageal
transit time (r = 0.27, P = 0.05), slower percentage of esopha-
geal emptying at 10 seconds (r = –0.31, P = 0.05) and delayed
gastric emptying at 3 hours (r = –0.34, P = 0.05). Esophageal
transit time was positively associated with GIT diarrhea scores
(r = 0.37, P < 0.05). Patient-reported symptoms of distention
and bloating were inversely associated with percent gastric
emptying at 3 hours (r = –0.27, P = 0.06) (Table 4). Gastric

emptying at 3 hours was also inversely associated with a higher
(more severe) total GIT score (r = –0.30, P < 0.05) and a trend
toward worse patient-reported social well-being (r = –0.26,
P = 0.06). However, symptoms determined by the constipation
domain of the GIT did not show significant associations with
objective findings of delayed colonic transit on WGT studies.
Table 4 summarizes the correlation between WGT results and
patient-reported symptoms as measured by the UCLA GIT 2.0
survey scores.

DISCUSSION

In this study, we sought to examine whether abnormal GI

transit contributes to GI severity and symptoms in SSc. We found

Table 3. Association between Whole Gut Transit study and Medsger severity scores*

Score 0 Score 1 Score 2 Score 3 Score 4 Significance Normal

Esophagus
Abnormal, no./total (%) 3/5 (60) 6/15 (40) 19/33 (58) 9/10 (90) 2/3 (66) 0.15† NA
ETT, seconds 19 (14–29) 11 (9–30) 26 (11–30) 29 (16–30) 29 (4–30) 0.17 <15 sec.
% emptying 81 (77–89) 84 (62–90) 81 (64–88) 69 (56–84) 77 (77–90) 0.51 ≥83%

Stomach
Abnormal solid emptying, no./total (%) 0/5 (0) 2/15 (13) 7/34 (21) 3/10 (30) 0/3 (0) 0.50† NA
Liquid half time 17 (15–17) 16 (13–21) 18 (12–22) 21 (18–58) 22 (12–34) 0.17‡ ≤25 min.
% solid 2 hours 53 (48–63) 70 (44–87) 54 (45–78) 61 (59–65) 97 (55–97) 0.41‡ ≥40%
% solid 4 hours 94 (89–98) 93 (90–97) 96 (86–97) 95 (82–98) 86 (86–86) 0.72‡ ≥90

Small bowel
Abnormal, no./total (%) 0/4 (0) 2/15 (13) 4/34 (12) 1/10 (10) 3/3 (100) 0.02† NA
% emptying at 6 hours 79 (68–92) 66 (58–86) 76 (56–82) 68 (56–82) 28 (16–40) 0.03§ ≥49%

Colon
Abnormal, no./total (%) 3/4 (75) 10/15 (67) 18/33 (55) 8/10 (80) 2/3 (66) 0.52† NA
% emptying at 72 hours 81 (57–91) 53 (0–85) 60 (16–88) 3.5 (0–32) 18 (0–76) 0.07‡ ≥67%

Disease duration from 1st symptom, years 4.0 (4–5) 10 (6–18) 12 (7–24) 20 (10–26) 12 (7–27) 0.07‡ NA

* Values are the median (interquartile range) unless indicated otherwise. Medsger severity scores defined as: 1 = requiring gastroesophageal
reflux disease (GERD) medications; 2 = refractory reflux requiring high-dose GERD medications and/or evidence of small bowel dilation on
radiography; 3 = pseudo-obstruction and/or malabsorption syndrome; 4 = total parenteral nutrition required. ETT = esophageal transit time;
min. = minutes; NA = not applicable; sec. = seconds.
† Significance determined by Fisher’s exact test.
‡ Significance in trend across Medsger score determined by linear regression.
§ Statistically significant. Significance in trend across Medsger score determined by linear regression.

Table 4. Spearman’s correlation table between Whole Gut Transit study and GI symptoms (UCLA GIT 2.0)*

Reflux Distension/bloating Soilage Diarrhea Social† Emotional† Constipation Total score

ETT 0.27‡ 0.16 0.02 0.37§ 0.23 0.14 –0.06 0.17
E10s –0.31‡ 0.00 –0.06 –0.25 –0.15 –0.04 0.08 –0.10
Stomach 1 hour –0.16 –0.09 0.01 0.00 –0.02 –0.04 0.04 –0.12
Stomach 2 hours –0.20 –0.19 0.08 –0.12 –0.09 –0.09 –0.08 –0.14
Stomach 3 hours –0.34‡ –0.27¶ –0.01 –0.22 –0.26 –0.03 –0.04 –0.30§
Stomach 4 hours –0.14 –0.12 0.09 0.03 –0.12 –0.05 0.05 –0.09
Small bowel 0.03 –0.22 0.04 –0.14 –0.23 –0.25 –0.12 –0.20
Large bowel –0.01 –0.01 –0.20 0.25 0.08 –0.21 0.12 –0.06

* University of California Los Angeles Scleroderma Clinical Trial Consortium Gastrointestinal Tract (UCLA GIT) 2.0 patient-reported scores were
compared to findings on whole gut transit studies using Spearman’s rank-order correlation. ETT= esophageal transit time; E10s= percentage
of esophageal emptying at 10 seconds; Stomach (x) hour= solid emptying of the stomach at (x) hours; Small bowel= percentage of small bowel
emptying at 6 hours; Large bowel = percentage of colonic emptying at 72 hours.
† Social impact of gastrointestinal (GI) symptoms; emotional impact of GI symptoms.
‡ P = 0.05.
§ P < 0.05.
¶ P = 0.06.
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that patients with pseudo-obstruction and/or malabsorption syn-

drome are more likely to have severe colonic transit delays, with

one-third of such patients having almost no colonic emptying at

72 hours. We also determined that patients on TPN are signifi-

cantly more likely to have small bowel involvement when com-

pared to other Medsger GI severity groups. Patients with

Medsger GI scores representative of more significant upper GI

symptoms (Medsger GI score of 1 or 2) are more likely to have

dysmotility of both the esophagus and/or stomach. These data

are important in providing insight on the impact of transit defects

on SSc GI complications. Finally, we determined that patient

symptoms as measured by the UCLA GIT 2.0 are associated with

delayed transit.
In this study, small bowel involvement was significantly more

prevalent among SSc patients with the most severe GI disease
requiring TPN. Interestingly, these patients were not more likely
than other groups to have gastroparesis and were less likely than
other groups to have delayed colonic transit. Though the number
of patients was small in this analysis, the association highlights the
importance of small bowel function in optimizing nutrition in SSc.
Recognizing the high prevalence of small bowel transit delays in
this group of patients with severe disease and a high morbidity
and mortality also emphasizes the need for the earlier application
of targeted clinical therapies that positively influence small bowel
transit, such as octreotide (18).

The finding that severe colonic transit delays were more likely
in patients with pseudo-obstruction (Medsger score 3) and/or
malabsorption syndrome compared to other Medsger GI groups
(P = 0.02) is also interesting. The majority of patients in our study
with pseudo-obstruction and/or malabsorption (70%) had ≤30%
emptying of the colon at 72 hours (normal ≥67%), less than one-
half of what would normally be expected. This finding reflects the
importance of abnormal colonic motility in SSc, either as a marker
of more generalized dysmotility or as a direct contributor to
pseudo-obstruction via upstream reflexes. This finding is consis-
tent with recent studies showing that colonic dysfunction leads
to significant morbidity and mortality in SSc and lends to the
hypothesis that early treatment of patients with delayed colonic
transit with promotility agents, such as prucalopride, may help
prevent this complication (36,37).

We also demonstrated that symptoms based on UCLA GIT
2.0 scores correlate with objective GI transit abnormalities in
patients with SSc. We identified a moderate inverse association
between UCLA GIT 2.0 GERD domain scores and esophageal
transit times and gastric emptying. These findings bordered on
statistical significance and were only modest, possibly because
symptoms of heartburn, dysphagia, and regurgitation (captured
in the GERD domain) in SSc may also be due to other causes,
such as a hypotensive lower esophageal sphincter or gastropar-
esis, neither of which would necessarily affect esophageal transit
time. Thus, patients with highly symptomatic GERD may have
normal esophageal transit. In addition, symptoms of distention

and bloating were significantly associated with delayed gastric
transit at 3 hours. These results were similar to prior studies that
demonstrated association with epigastric fullness and prolonged
gastric emptying (12).

Finally, we also confirmed that SSc can affect several regions
of the GI tract simultaneously, most commonly the esophagus
and colon, and that a negative test in 1 region does not preclude
abnormalities in other regions. Prior studies have demonstrated
a high correlation between delayed gastric and esophageal emp-
tying (12,38). Furthermore, a significant correlation was noted
between the rate of gastric emptying and abnormal esophageal
transit values, suggesting that worsening severity could coexist
and extend between regions (12,38). These results suggest that
delayed gastric emptying can lead to reflux and possible delays in
esophageal transit. Determining early on whether symptoms of
GERD are occurring in the presence of significant gastric transit
delays may lead to more effective symptom management
(e.g., combining metoclopramide with a standard GERD regimen).

Our study has several strengths and limitations. This is the
first study to assess WGT in a large SSc population. The
strengths of our study include evaluating WGT using a diverse
cohort of well-characterized patients. We intentionally enriched
our cohort with patients who had more severe GI disease so as
to learn about the impact of abnormal transit on less frequently
observed, but more severe SSc GI complications. We correlated
the results of WGT studies with validated patient- and physician-
reported outcome measures used to assess GI severity and
symptoms of GI dysfunction. From the standpoint of limitations,
there is a known lack of standardization in whole gut scintigra-
phy protocols and interpretation, which may affect reliability of
results when compared between centers (39). The time interval
between our symptom surveys and the WGT study also limits
the interpretation of our findings, as a subset of surveys were
collected retrospectively. Our study also did not address how
disease-modifying agents impact whole gut scintigraphy results
in SSc patients, which may merit further investigation through
future studies. Finally, we recognize that transit studies are only
1 measure of motility and may fail to capture dysmotility at either
an earlier stage or in some other form (e.g., lack of gastric
accommodation).

WGT studies revealed that delayed transit in the small bowel
and colon are associated with more severe GI complications in
SSc, as currently defined by the Medsger scale. However, GI dys-
motility often involves >1 region of the gut in scleroderma, and
therefore more comprehensive testing may be indicated in symp-
tomatic patients. WGT studies correlate well with the localization
of symptoms in SSc (upper versus lower), and when combined
with patient and physician-reported GI severity scores they may
contribute to a more comprehensive approach in assessing
severity of GI disease in SSc. Future studies examining the benefit
of early therapeutic intervention targeting GI transit abnormalities
in patients at high risk for severe GI complications are warranted.
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Improvement of Functioning and Health With Ixekizumab
in the Treatment of Active Nonradiographic Axial
Spondyloarthritis in a 52-Week, Randomized, Controlled
Trial

Jessica A. Walsh,1 Marina N. Magrey,2 Xenofon Baraliakos,3 Kentaro Inui,4 Meng-Yu Weng,5 Ennio Lubrano,6

Désirée van der Heijde,7 Annelies Boonen,8 Lianne S. Gensler,9 Vibeke Strand,10 Jürgen Braun,3

Theresa Hunter,11 Xiaoqi Li,11 Baojin Zhu,11 Luis Le�on,11 David Marcelino Sandoval Calderon,11 and Uta Kiltz3

Objective. To evaluate the effect of ixekizumab on self-reported functioning and health in patients with active
nonradiographic axial spondyloarthritis (SpA).

Methods. COAST-X was a randomized, controlled trial conducted in patients with nonradiographic axial SpA over
52 weeks. Participants were randomized at a ratio of 1:1:1 to receive 80 mg of ixekizumab subcutaneously every
4 weeks or 2 weeks or placebo for 52 weeks. Self-reported functioning and health end points included the Medical
Outcomes Study Short Form 36 (SF-36) health survey, Assessment of Spondyloarthritis International Society (ASAS)
health index, and European Quality of Life-5 Dimensions-5 Level (EQ-5D-5L) health-utility descriptive system.

Results. Compared to placebo, ixekizumab treatment resulted in improvement of SF-36 physical component sum-
mary scores from baseline, with a score of 4.7 improving to 8.9 with ixekizumab therapy every 4 weeks (P < 0.05) and a
score of 9.3 with ixekizumab therapy every 2 weeks (P < 0.01); the greatest improvements were observed in the
domains of physical functioning, role-physical, and bodily pain at weeks 16 and 52. A higher proportion of patients
receiving ixekizumab therapy every 2 weeks reported ≥3 improvements based on the ASAS health index from baseline
to weeks 16 and 52 (P < 0.05). Significantly more patients receiving ixekizumab every 4 weeks reported improvements
in “good health status” on the ASAS health index (ASAS score of ≤5) at weeks 16 and 52 (P < 0.05). Patients receiving
ixekizumab reported improvements on the EQ-5D-5L compared to those who received placebo at week 16 (0.11 ver-
sus 0.17 for patients receiving treatment every 4 weeks and 0.19 for patients receiving treatment every 2 weeks;
P < 0.05), which remained consistent at week 52. There were no clinical meaningful differences in responses based
on the ixekizumab dosing regimen for patients who received ixekizumab therapy every 2 weeks or every 4 weeks.

Conclusion. In patients with nonradiographic axial SpA, therapy with ixekizumab was superior to placebo in the
improvement of self-reported functioning and health at weeks 16 and 52.

INTRODUCTION

Axial spondyloarthritis (SpA) is a chronic inflammatory dis-

ease affecting mainly the axial skeleton (1). The term “axial SpA”
encompasses patients with either radiographic axial SpA, which

is also referred to as ankylosing spondylitis (AS), or nonradio-

graphic axial SpA, which is defined by a diagnosis of axial SpA

with the absence of definite sacroiliitis on radiograph (2). Among

all patients with axial SpA, the proportion of patients with nonra-

diographic axial SpA varies. Ranges from 40% to 60% have been
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reported (3–5). The burden of the disease is similar between indi-

viduals with nonradiographic axial SpA and individuals with AS

(6–8). Patients with these conditions have comparable levels of

pain, fatigue, and morning stiffness and have a patient profile

characterized by impaired physical function and work productivity

and an overall reduction in functioning and health.
Pharmacologic treatment with nonsteroidal antiinflammatory

drugs (NSAIDs) is recommended for patients with axial SpA as a
first-line treatment for improving back pain and stiffness (1,9,10).
Second-line treatment comprises biologic disease-modifying
antirheumatic drugs (bDMARDs) such as tumor necrosis factor
inhibitors (TNFi) (9). However, patients with nonradiographic axial
SpA had limited approved therapeutic options until recently. In
the US, certolizumab pegol (11), ixekizumab, and secukinumab
are the only biologic currently approved by the US Food and Drug
Administration for the treatment of nonradiographic axial SpA,
whereas in Europe, adalimumab (12), certolizumab pegol (13),
etanercept (14), and golimumab (15) have been approved by the
European Medicines Agency for the treatment of this disease.
Approximately 60% of patients with nonradiographic axial SpA
are treated with bDMARDs; however, patients often switch to

another biologic due to inadequate response or intolerance
(16–18). Thus, there remains a significant unmet need for patients
with nonradiographic axial SpA.

Ixekizumab is an immunoglobulin G4 monoclonal antibody
that selectively targets interleukin-17A with high affinity and has
recently been approved in the US and European Union for the
treatment of patients with active AS and nonradiographic axial
SpA (19,20). The present study, COAST-X, investigated the effi-
cacy and safety of ixekizumab in the nonradiographic axial SpA
population. Ixekizumab had beneficial effects on disease activity,
and it is important to note that these effects translated to improve-
ment in the overall functioning and health of our study population.
Here, we present results on self-reported functioning and health
overall in individuals with nonradiographic axial SpA as measured
by the Medical Outcomes Study 36-Item Short Form (SF-36)
health survey, the Assessment of Spondyloarthritis International
Society (ASAS) health index, and European Quality of Life-5
Dimensions (EQ-5D) descriptive system through 52 weeks of
treatment.

PATIENTS AND METHODS

Study design. The COAST-X study is a phase III multicen-
ter, randomized, controlled trial (RCT) with a 52-week duration,
evaluating the efficacy and safety of ixekizumab in patients with
active nonradiographic axial who are bDMARD-naive. Study pro-
tocol was reviewed and approved by applicable local ethics
review boards. All procedures performed in studies involving
human participants were in accordance with the ethical standards
of the institutional and/or national research committees at all sites
where these studies were conducted. The RCT follows the princi-
ples of good clinical practice, standards set by the International
Council for Harmonization, and local laws and regulations and
conducted in accordance with the Declaration of Helsinki and its
later amendments or comparable ethical standards. All enrolled
patients provided written informed consent prior to study

SIGNIFICANCE & INNOVATIONS
• Self-reported functioning and health measure-

ments are important in understanding the impact
of treatment from the perspective of the patient.

• Ixekizumab improves overall functioning and health
in patients with nonradiographic axial spondyloar-
thritis, measured by Study Short Form 36, Assess-
ment of Spondyloarthritis International Society
health index, and European Quality of Life-5
Dimensions-5 Level health-utility descriptive system.

• Improved overall functioning and health is reported
regardless of treatment regimen (80mg ixekizumab
every 2 weeks or 80 mg ixekizumab every 4 weeks).
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participation. Data sets generated and/or analyzed during the
present study are available from the corresponding author upon
reasonable request.

Study participants. Inclusion criteria have been previ-
ously detailed (21). Briefly, eligible patients were ages 18 years
or older with an established diagnosis of axial SpA by a physician
who fulfilled the ASAS classification criteria for nonradiographic
axial SpA (22). Patients meeting the radiographic criterion of def-
inite sacroiliitis according to the modified New York criteria
(according to central reading by 2 readers and an adjudicator in
case of a discrepancy) were excluded (23). Patients were also
required to have disease activity at screening and at baseline
(defined as having a Bath Ankylosing Spondylitis Disease Activity
Index score of ≥4 and total back pain score of ≥4 on a 0–10
scale), an inadequate response to 2 or more NSAIDs or a history
of intolerance to NSAIDs, and no prior treatment with bDMARDs.
Patients were also required to have objective signs of inflamma-
tion, which was defined as evidence of sacroiliitis on magnetic
resonance imaging (MRI; central reading by 2 readers and an
adjudicator in case of a discrepancy) and/or elevated C-reactive
protein (CRP) levels (>5 mg/liter). Active sacroiliitis on MRI was
determined using the ASAS definition (22,24). Participants were
allowed to continue background medications, including NSAIDs,
conventional synthetic DMARDs (csDMARDs; methotrexate,
hydroxychloroquine, and sulfasalazine), glucocorticoids, and
analgesics that may be allowed if treated at a stable dose for at
least 4 weeks prior to baseline randomization. If used,
csDMARDs were not to be used in any combination with other
csDMARDs.

Interventions. COAST-X interventions have been previ-
ously described (21). Briefly, patients were randomly assigned at
a ratio of 1:1:1 to receive subcutaneous injections of ixekizumab
(80 mg) every 4 weeks, subcutaneous injections of ixekizumab
(80 mg) every 2 weeks, or placebo every 2 weeks. At week
0, patients assigned to ixekizumab treatment regimens were ran-
domly assigned at a 1:1 ratio to receive a starting dose of either
80 mg ixekizumab or 160 mg ixekizumab (2 injections of 80 mg
each). To maintain blinding of the study participants, all patients
received 2 injections at week 0 and 1 injection every 2 weeks dur-
ing the remainder of the blinded treatment dosing period. Ixekizu-
mab and its matching placebo were visually indistinguishable
from each other. Starting at week 16, patients were able to switch
to open-label ixekizumab every 2 weeks or subsequent TNFi
treatment (after receiving open-label treatment every 2 weeks for
at least 8 weeks) if their disease activity required escalation of
treatment at investigator discretion with no specific predefined cri-
teria. Patients who had switched to open-label treatment contin-
ued to be followed up during the study. Patients, investigators,
and all other personnel involved in the conduct of the study were
blinded to individual treatment assignments through the

52-week blinded period. For patients who switched to open-label
treatment with ixekizumab every 2 weeks, the study site person-
nel, patient, and study team remained blinded to the initial
randomization.

Outcome measures. The effects of ixekizumab on func-
tioning and health were assessed using 3 secondary major end
points: SF-36, the ASAS health index, and EQ-5D-5 level (EQ-
5D-5L). Assessments were recorded at weeks 0 (baseline), 4, 8,
16, 36, and 52 with the SF-36 and ASAS health index and at
weeks 0, 16, and 52 with the EQ-5D-5L.

The SF-36 is a 36-item patient-administered measure
designed as a short, generic assessment of health including
the following domains: physical functioning (PF), role-physical
(RP), bodily pain (BP), general health (GH), vitality (VT), role-
emotional (RE), social functioning (SF), and mental health
(MH) (25,26). Domain scores range from 0 to 100, with higher
scores indicating better levels of function and/or better health.
The physical component summary (PCS) and mental compo-
nent summary (MCS) scores are calculated based on differential
weighting of normalized and z-transformed 8 domain scores
with normative scores of 50. Domain scores are answered
based on Likert-type scales of 1 to 5. Version 2 of the SF-36
(the acute version) utilizes a 1-week recall period and has been
used in the COAST-X study (25). Domains (scale 0–100, with
higher scores indicating better health) were used in the spyder-
grams (27) as well as changes in the least squares mean (LSM)
from baseline in PSC and MSC scores (Figure 1). T scores for
SF-36 domains or component scores are based on the general
US population norms of 2009. The calculation of age/gender–
matched norms for each domain in the spydergrams (Figure 1)
are based on 1998 US population norms and matched to the
distribution of the protocol population.

The ASAS health index is a disease-specific health index
designed to assess global functioning and health in patients with
SpA. It covers areas of physical, emotional, and social functioning
based on categories summarized in the ASAS/World Health
Organization International Classification of Functioning, Disability,
and Health core set for AS (28). This 17-item instrument has
sum scores ranging from 0 (good health) to 17 (poor health) (29).
Each item consists of one question that the patient needs to
respond to with either “I agree” (score 1), “I do not agree” (score
0), or “not applicable” (only for items 7 and 8). If the patients
choose “not applicable,” the sum score is analyzed based on
n = 16 or n = 15. A score of “1” is given where the item is
affirmed, indicating adverse health. All item scores were summed
to yield a total score or index (29). An improvement of ≥3 from
baseline on the ASAS health index represents a clinically mean-
ingful change and attaining a “good health status” is defined by
having a score of ≤5 (30).

The EQ-5D-5L provides societal preferences for health
states (health utility) based on 5 dimensions of health: mobility,
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self-care, usual activities, pain/discomfort, and anxiety/depres-
sion. Each dimension can be scored on a 5-level scale: no prob-
lems, slight problems, moderate problems, severe problems, and
extreme problems. The patient’s completed EQ-5D-5L descriptive
system was converted into a societal utility value using an available
UK population–based algorithm providing a health-utility index
score between �0.59 (very severe health, i.e., “worse than death”)
and 1.0 (perfect health [continuous variable]) (31).

Statistical analysis. Efficacy analyses were conducted on
the intent-to-treat population regardless of the starting dose. The
primary analysis for continuous outcomes (e.g., the SF-36 and
ASAS health index) used a mixed-effects repeated measures
model with treatment, geographic region (Europe and non-
Europe), screening of MRI/CRP status, baseline value, visit, base-
line value by visit interaction, and treatment by visit interaction as
fixed factors at week 0 (baseline), 4, 8, 16, 36, and 52. When
using mixed-effects repeated measures modeling, there was no
prior imputation for missing data. Analyses for ASAS health index
responses and good health status used logistic regression, which
included treatment, geographic region, and MRI/CRP status at
baseline. For continuous outcomes of EQ-5D-5L, analysis of
covariance models included treatment, geographic region,
screening MRI/CRP status, and baseline value. Modified baseline

observation carried forward (BOCF) for missing data imputation
was used with the EQ-5D-5L. For patients determined to be treat-
ment nonresponders at the discretion of investigators who had
treatment switched to open-label ixekizumab every 2 weeks, only
data up to switching were included in the analyses, with data
afterward treated as missing with nonresponder imputation. In
patients who discontinued the study drug due to an adverse
event, modified BOCF was used. In patients who discontinued
the study drug for any other reason, the last nonmissing observa-
tion before discontinuation was carried forward. Patients who
were randomized without at least 1 post-baseline observation
were not included in the modified BOCF analysis except for those
discontinuing study treatment due to the occurrence of an
adverse event.

Subgroup analysis was conducted for all functioning and
health end points of the proportion of patient achieving an ASAS
criteria for 40% improvement (ASAS40) response at week
16 using the intent-to-treat population. A logistic regression
model with treatment, subgroup, and the interaction of subgroup
by treatment included as factors was used for analysis. Treatment
group differences were evaluated within each category of the
subgroup using Fisher’s exact test, regardless of whether the
interaction was statistically significant. Missing data was imputed
using nonresponder imputation.

Figure 1. Medical Outcomes Study Short Form 36 (SF-36) health survey domain scores at baseline, week 16, and week 52 in the intent-to-treat
population of the COAST-X trial. Subgroups included patients who received 80 mg of ixekizumab every 2 weeks (IXE Q2W), patients who received
80mg of ixekizumab every 4 weeks (IXE Q4W), and patients who received placebo (PBO). Spydergrams depict modified baseline observation car-
ried forward SF-36 domain scores (0–100 scale) and US age- and gender-matched normative values (A/G Matched Norm). SF-36 age- and
gender-matched norms are based on the 1998 US population norms and patient counts for each age and gender distribution of the protocol pop-
ulation. BP = bodily pain; GH = general health MH = mental health; PF = physical functioning; RE = role-emotional; RP = role-physical;
SF = social functioning; VT = vitality.
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RESULTS

Of the 303 patients with nonradiographic axial SpA who
were enrolled in the present study, 96 received ixekizumab
every 4 weeks, 102 received ixekizumab every 2 weeks, and
105 received placebo (Table 1). Baseline characteristics and dis-
ease activity values at baseline were similar between the random-
ized treatment groups. Study patients had a mean � SD age of
40.3 � 13.0 years; 53% (160) of 303 patients were female, and
79% (239) were White. Patients had a mean � SD body mass
index of 27.3 � 5.6 kg/m2. Disease duration since nonradio-
graphic axial SpA diagnosis was mean � SD 10.7 � 9.7 years,
and the mean � SD age at onset of disease was 30.0 �
9.6 years. The proportion of HLA–B27–positive patients was
73.7% (221 of 300). The proportion of the 303 patients receiving
concomitant baseline medications included the following: NSAIDs
(89.8% [272]), methotrexate (16.2% [49]), sulfasalazine (23.4%
[71]), and glucocorticoids (13.9% [42]).

Baseline mean � SD scores were 32.6 � 7.7 for SF-36
PCS score, 47.8 � 12.1 for SF-36 MCS score, 9.1 � 3.6 for
ASAS health index score, and 0.47 � 0.23 for EQ-5D-5L. By
week 52, 62 (59%) of 105 patients who received placebo had
switched to open-label ixekizumab treatment every 2 weeks as
compared to 40 (42%) of 96 patients who received ixekizumab
every 4 weeks and 42 (41%) of 102 patients who received ixeki-
zumab every 2 weeks. At week 52, 34 (32%) of 105 patients
who received placebo had completed the full 52-week

placebo-controlled period receiving double-blind study medica-
tion compared to 52 (54%) of 96 patients who received ixekizu-
mab every 4 weeks and 52 (51%) of 102 patients who received
ixekizumab every 2 weeks.

Greater improvements in all patient-reported outcomes,
including physical function and health status, were reported in
both ixekizumab treatment groups versus the placebo group
at weeks 16 and 52 (Figures 2–5), measured by LSM changes
in SF-36 PCS scores from baseline to week 4 (4.3 for patients
receiving ixekizumab every 4 weeks and 5.2 for patients receiv-
ing ixekizumab every 2 weeks compared to 2.0 for patients
receiving placebo; P = 0.015 and P < 0.001, respectively),
and improvements continued through week 52 of the trial (8.9
for patients receiving ixekizumab every 4 weeks and 9.3 for
patients receiving ixekizumab every 2 weeks compared to 4.7
for patients receiving placebo; P = 0.012 and P = 0.006,
respectively) (Figure 2). Statistically significant improvement
was reported in SF-36 MCS score at week 36 in the patients
who received ixekizumab every 4 weeks (a mean score of 5.33
for the ixekizumab group compared to a mean score of 2.35 for
the placebo group; P = 0.035), with nonsignificant improvements
also noted at other time points (data not shown). The beneficial effect
of ixekizumab treatment on SF-36 domains at weeks 16 and 52 are
shown in Figure 1, whereas modest improvements compared to
baseline and age- and gender-matched norms were reported in
the placebo group (Figure 1). The largest improvements were

Table 1. Demographic and baseline characteristics of the study population*

Variable

Ixekizumab,
80 mg every 4 weeks

(n = 96)

Ixekizumab,
80 mg every 2 weeks

(n = 102)
Placebo
(n = 105)

Age, years 40.9 � 14.5 40.0 � 12.0 39.9 � 12.4
Female sex, no. (%) 46 (48) 53 (52) 61 (58)
BMI, kg/m2 27.6 � 5.4 27.3 � 5.7 27.0 � 5.8
Race, no. (%)
White 80 (83) 83 (81) 76 (73)
Asian 13 (14) 11 (11) 17 (16)
Other 3 (3) 8 (8) 11 (11)

Positive for HLA–B27, no. (%) 71 (75) 73 (72) 77 (74)
Age at onset of axial SpA, years 30.1 � 9.7 29.8 � 9.5 30.1 � 9.8
Duration of nonradiographic SpA
symptoms, years

11.3 � 10.7 10.6 � 10.1 10.1 � 8.3

Concomitant baseline medication, no. (%)
NSAIDs 81 (84) 95 (93) 96 (91)
Methotrexate 17 (18) 15 (15) 17 (16)
Sulfasalazine 23 (24) 27 (26) 21 (20)
Glucocorticoids 8 (8) 20 (20) 14 (13)

SF-36 PCS score 33.5 � 7.4 31.9 � 7.5 32.6 � 8.2
SF-36 MCS score 47.2 � 11.8 47.7 � 12.8 48.3 � 11.7
ASAS health index score 8.6 � 3.4 9.6 � 3.4 9.0 � 3.7
EQ-5D-5L score† 0.49 � 0.23 0.44 � 0.25 0.47 � 0.22

* Values are the mean � SD except where indicated otherwise. Percentages were calculated based on the number
of patients with non-missing values. ASAS = Assessment of Spondyloarthritis International Society; BMI = body
mass index; EQ-5D-5L = European Quality of Life-5 Dimensions-5 Level; MCS = mental component summary;
NSAIDs = nonsteroidal antiinflammatory drugs; PCS = physical component summary; SF-36 = Medical Outcomes
Study Short Form 36 health survey; SpA = spondyloarthritis.
† EQ-5D-5L UK population-based Index Score.
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reported in PF, RP, BP, and SF domains. Improvements in RE, VT,
SF, and MH domains approached those seen in matched US nor-
mative values.

At baseline, ASAS health index scores were symmetrically
distributed with a median score of 9.0 (Supplementary Figure 1,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24482/abstract). At week
16, score distributions shifted to a median score of 6.0
(Supplementary Figure 1). Patients treated with ixekizumab every

2 weeks showed significant improvements in ASAS health index
scores at week 16 (�2.74 for the patients who received ixekizu-
mab every 2 weeks versus �1.76 for the patients who received
placebo; P = 0.023), with numerically greater improvements in
ASAS health index changes from baseline in both ixekizumab
groups compared to the placebo group through week
52 (Figure 3).

ASAS health index improvements of ≥3 from baseline to
week 16 were reported by 40.4% of the patients who received
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Figure 2. Medical Outcomes Study Short Form 36 health survey physical component summary scores, with least squares mean change from
baseline observed in the intent-to-treat population of the COAST-X trial. Subgroups included patients who received 80 mg of ixekizumab every
2 weeks (IXE Q2W), patients who received 80 mg of ixekizumab every 4 weeks (IXE Q4W), and patients who received placebo (PBO). Compari-
sons between the ixekizumab treatment groups and the placebo group were made using a mixed-effects model for repeated measures.
* = P < 0.05; ** = P < 0.01; *** = P < 0.001.
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Figure 3. Assessment of Spondyloarthritis International Society health index least squares mean change from baseline in the intent-to-treat pop-
ulation of the COAST-X trial. Subgroups included patients who received 80 mg of ixekizumab every 2 weeks (IXE Q2W), patients who received
80 mg of ixekizumab every 4 weeks (IXE Q4W), and patients who received placebo (PBO). Comparisons between the ixekizumab treatment
groups and the placebo group were made using a mixed-effects model for repeated measures. * = P < 0.05.
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ixekizumab every 4 weeks (P = 0.198) and 49.0% of the patients
who received ixekizumab every 2 weeks (P = 0.017) versus
32 (31.7%) of 101 patients who received placebo. Improvements
on the ASAS health index were also observed at week 52 in
31 (33.0%) of 94 patients who received ixekizumab every
4 weeks (P = 0.027) and 35 (34.3%) of 102 patients who
received ixekizumab every 2 weeks (P = 0.02) compared to
19 (18.8%) of 101 patients who received placebo (Supplementary
Figure 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24482/abstract).
Proportions of patients reporting “good health status” (ASAS
health index score of ≤5 with a baseline score of >5) at week
16 included 29 (37.2%) of 78 patients who received ixekizumab
treatment every 4 weeks (P = 0.034) and 32 (36.0%) of
89 patients who received ixekizumab therapy every 2 weeks

compared to 19 (22.1%) of 86 patients who received placebo
(Figure 4). At week 52, responses of “good health status” on
the ASAS health index were reported by 21 (26.9%) of
78 patients who received ixekizumab every 4 weeks (P = 0.02)
and 31 (34.8%) of 89 patients who received ixekizumab every
23 weeks (P < 0.001) compared to 11 (12.8%) of 86 patients
who received placebo. A significantly higher score of ASAS
health index responses of ≤5 was reported in the patient group
that received ixekizumab therapy every 4 weeks compared to
the patient group that received placebo from week 8 (34.6%
[27 of 78] versus 15.1% [13 of 86]; P = 0.005).

Patients in each ixekizumab treatment group reported
greater increases in health utility scores compared to the patients
in the placebo group, as measured by the EQ-5D-5L (Figure 5). At
week 16, patients treated with ixekizumab reported significant

Figure 4. Percentage of patients achieving an Assessment of Spondyloarthritis International Society health index (ASAS HI) score of ≤5, indicat-
ing “good health status,” in the intent-to-treat population of the COAST-X trial. Missing data were imputed with a nonresponder imputation.
Subgroups included patients who received 80 mg of ixekizumab every 2 weeks (IXE Q2W), patients who received 80 mg of ixekizumab every
4 weeks (IXE Q4W), and patients who received placebo (PBO). Comparisons between the ixekizumab treatment groups and the placebo group
were made using a logistic regression model. * = P < 0.05; ** = P < 0.01; *** = P < 0.001.

Figure 5. European Quality of Life-5 Dimensions-5 Level (EQ-5D-5L) UK population–based index scores, with the least squares mean change
from baseline in the intent-to-treat population of the COAST-X trial. Missing data were imputed using modified baseline observation carried for-
ward. Subgroups included patients who received 80 mg of ixekizumab every 2 weeks (IXE Q2W), patients who received 80 mg of ixekizumab
every 4 weeks (IXE Q4W), and patients who received placebo (PBO). Comparisons between the ixekizumab treatment groups and the placebo
group were made using a logistic regression model. * = P < 0.05.
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improvements on the EQ-5D-5L compared to patients who
received placebo (0.19 for patients who received ixekizumab
every 4 weeks and 0.17 for patients who received ixekizumab
every 2 weeks versus 0.11 for patients who received placebo;
P = 0.011 and P = 0.033, respectively, for the ixekizumab
groups and placebo group), and changes maintained at week
52 (0.18 for both patients treated with ixekizumab every 4 weeks
and every 2 weeks versus 0.12 for patients who received pla-
cebo; P = 0.041 and P = 0.036, respectively, for the ixekizumab
groups and placebo group).

Changes in self-reported functioning and health outcomes
were further analyzed in a subgroup analysis of ASAS40
responders (n = 95) versus nonresponders (n = 198) at week
16 (Supplementary Table 1, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24482/abstract). Significantly greater improvements were
reported in LSM changes from baseline in SF-36 PCS scores (pla-
cebo: 14.4 versus 3.8, ixekizumab every 4 weeks: 13.6 versus 4.4,
and ixekizumab every 2 weeks: 13.6 versus 4.4; P < 0.001), ASAS
health index scores (placebo: �4.5 versus �1.3, ixekizumab every
4 weeks: �4.7 versus �1.3, and ixekizumab every 2 weeks: �4.5
versus �1.8; P < 0.001), ASAS health index responses of ≤5 (pla-
cebo: 46.7% versus 17.9%, ixekizumab every 4 weeks: 79.2%
versus 18.5%, and ixekizumab every 2 weeks: 68.8% versus
18.9%; P < 0.05, P < 0.001, and P < 0.01, respectively), ASAS
health index improvements of ≥3 (placebo: 68.4% versus 24.7%,
ixekizumab every 4 weeks: 69.7% versus 24.6%, and ixekizumab
every 2 weeks: 70.7% versus 36.8%;P < 0.01), and LSM changes
from baseline on the EQ-5D-5L (placebo: 0.31 versus 0.09, ixeki-
zumab every 4 weeks: 0.29 versus 0.11, and ixekizumab every
2 weeks: 0.33 versus 0.08; P < 0.001).

DISCUSSION

Nonradiographic axial SpA is a chronic inflammatory disease
that affects the functioning and health of patients in a similar fash-
ion to AS (radiographic axial SpA). The efficacy of ixekizumab as
reported in this 52-week placebo-controlled trial illustrate clinically
relevant and statistically significant differences as measured by
the SF-36, ASAS health index, and EQ-5D-5L. ASAS40 res-
ponders reported greater improvements compared to nonre-
sponders across all end points assessed. Patterns of response
appeared similar between the 2 dosing regimens, although the
study was not designed to statistically compare dosing groups.

Compared to age- and gender-matched population norms,
impairments in function and health were present at baseline and
largest in the SF-36 physical domains, and significant improve-
ments in SF-36 PCS scores were reported at nearly all time points
in patients who received ixekizumab treatment compared to
patients who received placebo. Baseline mental domain scores
approached age- and gender-matched matched norms; yet
despite small margins for improvement, improvements in SF-36

MCS scores were numerically greater with ixekizumab therapy
compared to placebo.

Importantly, the improvements in functioning and health, as
measured by the SF-36 PCS, occurred rapidly, with statistically
significant improvements at the first time point assessed (week
4) between the ixekizumab and placebo groups. In contrast, sta-
tistically significant improvements in functioning and health, as
measured by the ASAS health index, were first observed at
slightly later time points (weeks 8–16). Within limitations of com-
parison, wemight speculate that emotional aspects and the finan-
cial impact of disease, which are included in the ASAS health
index, are less likely to change quickly after treatment initiation
and thus may be less sensitive to early improvement.

The positive overall functioning and health outcomes
reported by patients with nonradiographic axial SpA in this
52-week placebo-controlled trial are consistent with results from
phase III placebo-controlled studies with anti-TNF agents in non-
radiographic axial SpA (12,15,32–35). However, 29–48% of
patients with nonradiographic axial SpA still have active disease
(based on ASAS20 responses at week 12) despite TNFi treatment
(12–15); therefore, alternative treatments for TNFi are valuable.

The main strength of the present study was the sizeable
patient numbers included in each group, which provided valuable
information of the efficacy of ixekizumab on self-reported health
and functioning outcomes in patients with nonradiographic axial
SpA through week 52 of the trial. A limitation of the study is the
lack of data in patients who had been previously exposed to TNFi.
Another limitation of the study is that patients were allowed to
switch to open-label therapy with no prespecified switching cri-
teria. Switching to open-label therapy occurred only at the discre-
tion of the principal investigator, which accounts for a significant
proportion of patients assessed as “nonresponders.”

In conclusion, ixekizumab was superior to placebo in improv-
ing overall functioning and health in patients with nonradiographic
axial SpA at week 16 and 52. Ixekizumab therapy every 4 weeks
and every 2 weeks was effective in showing significant levels of
improvement in the study patients. These findings demonstrate
that ixekizumab is effective in improving the overall functioning
and health of patients affected with active nonradiographic
axial SpA.
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Unique Considerations for the Management of Gout in the
Hmong Population: Examining Tertiary Encounters at a
Large Regional Health Care System

Alison Lerman,1 Elie Gertner,2 Terese A. DeFor,3 Morgan Brown,3 and Jay Desai4

Objective. To evaluate demographic characteristics, care encounters, comorbidities, and clinical differences in
Hmong and non-Hmong patients with gout.

Methods. Using retrospective chart review, all inpatient encounters (Hmong versus non-Hmong) were reviewed
from 2014 to 2017. Acute or chronic gout was the primary or secondary diagnosis for the encounter.

Results. Hmong gout patients were on average 11 years younger than non-Hmong patients, but after adjustment
for age, sex, and type of encounter, they had similar rates of hypertension, diabetes mellitus, and heart disease. Hmong
patients had significantly decreased renal function at the time of presentation; the odds ratio of chronic kidney disease
for Hmong patients was 2.33 versus 1.48 for non-Hmong patients (P < 0.05), the mean creatinine level was 3.3 mg/dl
versus 2.0 mg/dl (β = 1.35, P < 0.001), and the glomerular filtration rate was 44.8 ml/minute versus 49.3 ml/minute
(β = –6.95, P < 0.001). Hmong gout patients were more likely to use emergency care versus elective or urgent care, they
were less likely to be using medications for the treatment of gout prior to admission (32.3% versus 58.2%), and the
length of hospital stay was increased (8.8 versus 5.2 days; P < 0.05).

Conclusion. Hmong gout patients who had a tertiary care encounter were 11 years younger than non-Hmong
patients with similar rates of comorbidities but had worse renal function despite the age differences. They were more
likely to use emergency services, to be insured through Medicaid, and not to use preventive medications for gout prior
to their encounter. Intensive efforts are needed in the Hmong population for culturally appropriate preventive care man-
agement of gout along with diabetes mellitus, hypertension, heart disease, and kidney disease.

INTRODUCTION

Gout is a major chronic disease in the US, affecting 3.9% of

the US population, or 9.2 million people (1). It is an inflammatory

arthritis caused by deposition of uric acid crystals in the joint

space, leading to pain, swelling, and possible joint deformity.

Common risk factors for the development of gout include meta-

bolic syndrome, insulin resistance, renal insufficiency, obesity,

hypertension, organ transplantation, and congestive heart failure,

as well as the use of thiazide diuretics, low-dose aspirin, and

cyclosporine (2). Gout disproportionately impacts men and

minority populations such as the Hmong, who may also have a

genetic predisposition for developing gout (1,3–5)

The Hmong are an Asian ethnic group from mountainous

areas of Laos, Thailand, Vietnam, and China. During the Vietnam

War, members of this group acted as covert soldiers on behalf

of the US military and were later targeted for their role in aiding

the US. As such, many were forced to flee and reside in refugee

camps before being evacuated to the US. Large groups of

Hmong have settled in Minnesota, Wisconsin, and California.

According to the 2016 census, 296,890 Hmong live in the US,

with 76,727 Hmong living in Minnesota, predominantly in Henne-

pin and Ramsey counties. Prior work has shown that Hmong

have an earlier onset of gout and more tophaceous gout (6). The

Hmong words for gout are “mob ko taw vwm,” which translate

to “crazy foot pain,” and Hmong elders state that while gout
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was a recognized illness in Laos, it is more common now among

Hmong living in the US (4). However, Hmong patients with gout

have been shown to be less likely to have comorbidities such as

hypertension, diabetes mellitus, chronic kidney disease, and obe-

sity at initial presentation (6). They are also less likely to be taking

diuretics or report heavy alcohol use (6). One prior study showed

that Hmong patients are prescribed allopurinol more often than

non-Hmong individuals, but they take the medication for a signifi-

cantly shorter length of time (6).
Because of the markedly increased burden of gout and

tophaceous disease in the Hmong and our experience of more
treatment-refractory disease in this group, we examined the
demographic and clinical characteristics, the medication use,
and the length of stays of Hmong versus non-Hmong patients
admitted to a large regional hospital.

PATIENTS AND METHODS

HealthPartners Regions Hospital is a level I tertiary care hos-
pital serving Saint Paul, Minnesota and western Wisconsin. We
examined all hospital encounters for patients ages ≥18 years from
January 1, 2014 through December 31, 2017. Hospital encoun-
ters included urgent care, emergency department, and hospitali-
zations. Gout-related encounters were defined as International
Classification of Diseases, Ninth Revision (ICD-9) codes 274.x
and ICD-10 codes M10.x and M1A.x listed as a primary or sec-
ondary diagnosis on medical or discharge record.

Patients were classified as Hmong if their primary language
was Hmong, or their last name was 1 of 18 clans names, and their
country of origin was Laos, or their last name was 1 of 18 clan
names, their country of origin was the US, and their self-reported
race was Asian. The 60 last names associated with the clans were
Cha, Chai, Chan, Chang, Cheng, Chieng, Chu, Chue, Fa, Fang,
Hang, Her, Herr, Heu, Kang, Kha, Khang, Khue, Kong, Kue,
Kwm, Lao, Le, Lee, Li, Lo, Lor, Ly, Moua, Mouacheupao, Mua,
Pha, Phang, Shong, Siong, Som, Song, Soung, Tang, Thao, Thoj,
Thor, Thorr, Thow, Thsa, Tsue, Va, Vaaj, Vang, Vangh, Vu, Vue,
Xiong, Ya, Yang, Pa, Vangsuathao, Lochongvu, Xyaaj, and Van.
This classification has been used in prior descriptive studies of
the Hmong (4).

Information on patient demographic characteristics, encoun-
ter characteristics, gout-related medication use, comorbidities,

laboratory clinical values, mortality, and length of hospital stay
were extracted from electronic enrollment, medical, and dis-
charge records. Comorbidities examined included diabetes melli-
tus (ICD-9 250.x; ICD-10 E10.x, E11.x, E13.x), hypertension
(ICD-9 401.x-405.x; ICD-10 I10.x-I16.x), ischemic heart disease
(ICD-9 410.x-414.x; ICD-10 I20.x-I25.x), heart failure (ICD-9
428.x; ICD-10 I50.x), chronic kidney disease stages 1, 2, 3, and
4 (ICD-9 585.x; ICD-10 N18.x), and end-stage renal disease
(ICD-9 585.5x, 585.6x, V42.0x, V45.1x; ICD-10 N18.5x,
N18.6x, Z94.0x, Z99.2x). Missing data were minimal, ranging
from 0% to 4.2% for marital status.

Descriptive frequencies were conducted on patient demo-
graphic characteristics, encounter characteristics, medication
use, and length of stay. Univariate and multivariate logistic and lin-
ear regressions compared the association of Hmong ethnicity as
the main predictor of the outcome of interest. Regression models
controlled for age, sex, type of encounter, and principal diagnosis
of gout.

RESULTS

During the study period, there were 120,303 encounters at
Regions hospital for patients ≥18 years of age. There were
2,839 Hmong encounters, with 92 (3.2%) being gout-related.
There were 117,464 non-Hmong encounters, with 1,262 (1.1%)
being gout related. These gout-related hospital encounters repre-
sent 65 Hmong and 976 non-Hmong patients. On average,
Hmong patients had 1.4 gout-related encounters compared to
1.3 encounters for non-Hmong patients during the 4-year study
period. Compared to non-Hmong patients, Hmong patients were
younger and more likely to be male, married, and have Medicaid
insurance (Table 1). Almost 71% of Hmong patients self-reported
Hmong as their primary language, with most requiring the use of
an interpreter.

Almost 91% of Hmong encounters were inpatient, with 86%
via the emergency room (Table 1). This compares to 85% and
56% for the non-Hmong patients. Many non-Hmong patient
encounters were elective or through urgent care. Gout was the
principal reason for the encounter for 15% of Hmong and 7% of
non-Hmong patients. The mean length of a hospital stay was
8.8 days for Hmong patients with gout compared to 5.2 days for
non-Hmong patients with gout (P < 0.05).

Medication use in the year prior to and during a patient’s first
documented encounter varied by ethnicity. Hmong patients typi-
cally had lower medication use prior to their first encounter com-
pared to non-Hmong patients, but these increased during the
encounter stays (Table 1). Only 32% of Hmong patients were tak-
ing gout-related medications prior to their first encounter com-
pared to 58% for non-Hmong patients. During an encounter,
this increased to 72% for both groups.

In general, Hmong patients had lower rate of diabetes melli-
tus, hypertension, ischemic heart disease, heart failure, and death

SIGNIFICANCE & INNOVATIONS
• Hmong patients develop earlier, more severe gout.
• Hmong patients have worse renal function at pre-

sentation and longer hospital stays and are less
likely to use preventative medications.

• Intensive efforts are needed for culturally appropri-
ate preventative care.
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Table 1. Characteristics of Hmong and non-Hmong patients with gout-related encounters
(n = 1,041)*

Characteristic
Hmong Non-Hmong
(n = 65) (n = 976)

Patient demographic characteristics
Age at study entry, mean � SD years 58.0 � 13.1 69.1 � 13.7
Male sex 55 (84.6) 709 (72.6)
Female patient, age <45 years 1 (1.5) 3 (0.3)
Race
American Indian/Alaskan Native 0 (0) 3 (0.3)
Asian 63 (96.9) 47 (4.8)
Black 0 (0) 144 (14.8)
Native Hawaiian or other Pacific Islander 0 (0) 2 (0.2)
Other 1 (1.5) 10 (1.0)
White 0 (0) 738 (75.6)

Hispanic or Latino 0 (0) 21 (2.2)
Use of an interpreter 43 (66.2) 51 (5.2)
Primary language
English 19 (29.2) 924 (94.7)
Hmong 46 (70.8) 0 (0)
Other 0 (0) 52 (5.3)

Marital status
Married 37 (56.9) 477 (48.9)
Divorced 7 (10.8) 84 (8.6)
Legally separated 0 (0) 21 (2.2)
Widowed 6 (9.2) 156 (16.0)
Significant other 1 (1.5) 5 (0.5)
Single 12 (18.5) 189 (19.4)

Country of origin
US 9 (13.8) 856 (87.7)
Laos 50 (76.9) 1 (0.1)
Other 4 (6.2) 78 (8.0)

Deceased as of October 21, 2018 10 (15.4) 218 (22.3)
Medicaid coverage, ever 46 (70.8) 279 (28.6)
Medicare coverage, ever 31 (47.7) 760 (77.9)

Care encounter characteristics
Principal diagnosis of gout, any encounter 10 (15.4) 67 (6.9)
First encounter type
Elective 5 (7.7) 237 (24.3)
Urgent care 4 (6.2) 190 (19.5)
Emergency room 56 (86.2) 547 (56.0)
Trauma care 0 2 (0.2)

First admission type
Inpatient 59 (90.8) 826 (84.6)
Outpatient, observation 6 (9.2) 150 (15.4)

First length of stay, means � SD days 8.8 � 11.7 5.2 � 5.4
Two or more encounters 16 (24.6) 196 (20.1)

Medication use
Oral glucocorticoids
Before first encounter 13 (20) 305 (31.2)
During first encounter 27 (41.5) 244 (25.0)

Injectable glucocorticoids
Before first encounter 4 (6.2) 191 (19.6)
During first encounter 23 (35.4) 343 (35.1)

Nonsteroidal antiinflammatory drugs
Before first encounter 5 (7.7) 239 (24.5)
During first encounter 18 (27.7) 217 (22.2)

Gout-related medications
Before first encounter 21 (32.3) 568 (58.2)
During first encounter 47 (72.3) 700 (71.7)

Anakinra for inflammatory disease like RA
Before first encounter 0 (0) 1 (0.1)
During first encounter 9 (13.8) 10 (1.0)

* Values are the number (%) unless indicated otherwise. RA = rheumatoid arthritis.
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(Table 2), but these differences did not meet the level of statistical
significance. Additionally, after adjustment for age, sex, encounter
type, and gout as a principal diagnosis, comorbidities and deaths
were similar between the 2 groups (Table 2). Chronic kidney dis-
ease was, however, higher in Hmong patients, and after adjust-
ment, the odds ratio (OR) was 2.33 (95% confidence interval
[95% CI] 1.36, 4.04; P < 0.05). Importantly, after adjustment, cre-
atinine ratios were significantly higher, and glomerular filtration
rates (GFRs) were significantly lower in the Hmong compared to
non-Hmong patients (Table 2). A higher percentage of Hmong
patients carried a diagnosis of end-stage renal disease (15.4%
of Hmong versus 8.6% of non-Hmong; OR 1.76 [95% CI 0.71,
3.58]), but this finding did not reach statistical significance.

DISCUSSION

Our data confirm that Hmong patients with gout visiting a
large Midwestern regional tertiary care system are more than a
decade younger than non-Hmong patients and yet had similar
rates of diabetes mellitus, hypertension, heart disease, and mor-
tality. These comorbidities have been associated with the devel-
opment of gout in other populations (6). Quite notably, Hmong
patients in our study had significantly higher creatinine level and
lower GFR at time of presentation. There was also a clear trend
toward higher rates of chronic and end-stage renal disease in
Hmong versus non-Hmong patients, although this did not reach
a level of statistical significance. Hmong patients were much less
likely to interact with the health care system in the elective or
ambulatory care setting than non-Hmong patients, instead pre-
senting directly to the emergency room. Hmong patients were
also significantly less likely to be using medication therapy appro-
priate for the management of gout, including oral nonsteroidal
antiinflammatory drugs, gout-specific medications, and oral glu-
cocorticoids. There was a clear trend for Hmong patients to have
a prolonged length of stay during admission.

The reasons for these findings are likely multifactorial, involv-
ing both physiologic as well as cultural differences. Multiple stud-
ies have previously shown that there are differences in uric acid
serum concentration among different ethnic groups. Hmong have
higher serum uric acid concentrations (3) and are at higher risk of
uric acid stones than control populations (7). Past studies have
shown that the Hmong population of Minnesota develop gout
much earlier than the non-Hmong population (37.4 versus
55.0 years), have higher uric acid concentrations, and develop
more tophaceous gout, with an OR of 4.3; these findings per-
sisted when controlling for age, sex, hypertension, diuretic use,
and kidney function (6). Specific alleles that have been associated
with increased risk of hyperuricemia are found more frequently in
Hmong individuals than individuals of European or Han Chinese
descent (3). The specific polymorphisms found in the Hmong
people also provide a basis for anecdotal reports suggesting that
allopurinol may not be effective when used in Hmong patients, as

these alleles code for uric acid transporters in the proximal convo-
luted tubule, and therefore uric acid levels may not decrease with
xanthine oxidase blockade (3).

High dietary purine intake (meat, seafood, eggs), soft drinks,
and alcohol use have been strongly associated with increased risk
of gout (1,2). The traditional Hmong diet consists of white rice–
based dishes with the addition of steamed vegetables and
meats/proteins such as chicken, pork, beef, and eggs, which
could confer some increased risk depending on quantity con-
sumed. Significantly, the use of tobacco and alcohol in the
Hmong population has been characterized as lower than the
average non-Hmong individual in prior studies (8). Similarly, sug-
ary beverages were consumed daily by only 10% of Hmong sur-
veyed, less than the average of >30% for Americans in general
(9). While traditional Hmong cultural standards value an over-
weight body type as a sign of health and strength and find being
thin to be a sign of weakness and frailty, Hmong people are more
likely to be overweight than non-Hmong individuals but less likely
to be obese (8). Anecdotally, Hmong individuals in the US report
increasing their meat intake due to the greater availability and
affordability as compared to their countries of origin (8). Overall,
it seems that while diet may play a role, it is not likely a major
contributor.

We found that many Hmong patients used the emergency
department very frequently rather than utilizing preventative care.
This may be due in part to the way that Hmong culture
approaches illness differently from Western society. In traditional
Hmong teaching, illness is due to either natural causes (exposure
to elements, accidents/injuries, bad food) or supernatural causes
(offended spirits, malevolent spirits, lost souls). Illnesses due to
natural causes are traditionally treated with cupping, massage,
herbs, or other nonspiritual methods (10). Illness due to supernat-
ural causes are considered to be more serious and are treated
with the help of a shaman (10). A survey done in 2004 showed
that 74% of Hmong people identify shamanism as their primary
religion (8), and in 2002, another survey showed that 75% of
Hmong people used shamans for healing (11). Additionally, in tra-
ditional Hmong culture, there is a belief that suffering is a part of
life instead of an abnormal occurrence that requires rectifying
(10). There is also a belief in the Hmong community that one’s life-
span is predetermined, and therefore interventions from the
Western medical community may not be considered impactful
(10). These factors have been postulated to influence Hmong
patients’ decisions about whether or not to seek medical atten-
tion (10). These considerations in combination with other factors,
such as language barrier, lack of access to transportation, finan-
cial constraints, and decreased understanding of the health insur-
ance and medical systems, may help to explain why more Hmong
patients in our cohort had their initial point of contact with the
health care system in the emergency department.

The concept of chronic illness is not present in traditional
Hmong culture, and this lack of framework can have important
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implications for patient understanding and compliance with treat-
ment (12). Additionally, the Hmong language lacks terms that
translate anatomic and physiologic terminology, requiring indirect
translation and nonspecific words used to approximate meaning
when discussing a Hmong patient’s illness with them in their
native language (13). There are no Hmong words to describe
chronic illnesses such as diabetes mellitus or hypertension (12).
Prior studies have shown considerable confusion about the differ-
ence between curing and controlling illness, and many Hmong
people felt that medication only needed to be taken when one
was feeling unwell, or if there are other tangible signs of illness
(12). Many Hmong patients who seek care from US physicians
also seek care from Hmong herbalists and shamans for the same
complaint and will often use all treatment modalities together; a
prior study found that 65% of Hmong people polled reported the
use of traditional herbal medicines with illness (14). One survey
showed that a majority of Hmong patients stated that traditional
herbal medicine was easier to get than Western medicine, and
that they believed herbal medicine to be just as or more effective
than Western medicine because “herbal medicine treats the
whole body” not just a specific health problem (14). Further,
patients expected Western medicines to have an immediate and
powerful effect, and if this was not observed, medications were
felt to be unhelpful (10).

Additionally, medication side effects from treatments for con-
ditions that are largely asymptomatic, such as diabetes mellitus
and hypertension, were not well accepted and were frequently
reported to cause medication nonadherence. Further, due to cul-
tural communication styles, Hmong patients would consider it
rude to tell a health care provider that the medications were not
being taken as prescribed (13). Some Hmong individuals may be
afraid of hospital experiences and mistrust Western medical pro-
viders. There is an association between Western medicine and
death, as many patients reported knowing people who sought
care from a hospital and then died (10). Hmong individuals have
indicated fear of multiple blood tests because there is a belief that
the body has a limited supply of blood and this might be perma-
nently depleted (11). Some fear surgery due to a concern that this
will anger the soul and cause it to vacate the body (10). Concerns
that doctors experiment on Hmong people also circulate; there is
a perception that the student doctors such as medical students
or residents who are there to learn are practicing on Hmong peo-
ple and that the treatments these doctors offer are not for the
benefit of the Hmong patients, but for the doctor who needs to
learn and practice skills (13). Further complicating this picture,
many Hmong report frank mistrust and lack of confidence in the
American health care system, which may stem from concerns
that their traditional healing methods are not acknowledged or
discussed (11).

Last, members of the Hmong community often make health
care decisions as a unit headed by a male family member, which
can complicate and delay medical decision-making. The concepts

of autonomy and the preference to honor the rights of the individ-
ual are not emphasized as they are in Western society (11). All of
these factors combined can lead to difficulties with communica-
tion, patient education, establishing trust, and formulating and
adhering to a treatment plan for management of chronic
disease.

It is possible that a language barrier and differences in a cul-
tural framework in which to discuss disease in general, and
particularly chronic disease, may negatively impact patients’
understanding of their condition; these communication issues
might lead to a longer hospital stay, as we observed in our cohort
admitted at Regions Hospital. Regions is committed to minimizing
these communication barriers, supporting a very robust in-person
medical translator department of native Hmong speakers who are
always available. Further, the community-based Hmong Gout
Coalition (https://www.facebook.com/HmongGoutCoalition) sends
representatives to help with education and provides culturally tai-
lored Hmong gout videos (https://www.youtube.com/channel/
UC6hhCpJxXdVvW6lOCI7roiA). Prior work has shown that
Hmong patients receiving dialysis treatment would have liked to
hear from members of their own community regarding the pro-
cess of receiving treatment (15). A possible future direction of
study would be to formally evaluate education interventions such
as these as a means to improve medication compliance and trust
among Hmong patients. Increased use of preventative medica-
tions may result in fewer hospitalizations and would decrease bur-
den on the health care system, especially given the longer
expected years of disease involvement in Hmong patients sec-
ondary to younger age of onset.

Finally, while this study does have one of the largest popula-
tions of Hmong patients admitted to a tertiary care system, the
number is still relatively small, which limits evaluation of more sub-
tle findings and determining significant differences with non-
Hmong patients. Eleven non-Hmong patients had a last name
included on the aforementioned list of traditional Hmong clan last
names but did not meet our case definition for Hmong (see the
methods section for this definition). Post-analysis medical record
review found that 8 of these patients were clearly not of Hmong
ancestry. The remaining 3 patients did not meet our strict defini-
tion of a Hmong patient but could possibly have been Hmong
based on their course of disease being similar to that seen in
Hmong patients and their place of residence in a Hmong neigh-
borhood. However, we did not include these patients in our anal-
ysis as they did not meet our strict definition. The exclusion of
these patients further reduced our sample size and as such is
listed as a possible limitation.

In conclusion, this study extends previous findings that a
diagnosis of gout in Hmong patients indicates earlier and often
more severe disease. While there is not an increase in comorbid
conditions, tertiary care system encounters in this population are
often longer. Intensive efforts at education, increasing compliance
with preventative medications, and identifying the genetic
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abnormalities responsible for this increased burden of gout are
currently underway.
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Factors Associated With Treatment Response in
Patients With Idiopathic Inflammatory Myopathies:
A Registry-Based Study

Fabricio Espinosa-Ortega, Marie Holmqvist, Maryam Dastmalchi, Ingrid E. Lundberg,
and Helene Alexanderson

Objective. To identify predictors of response to immunosuppressive therapy after 1 year, with a focus on autoanti-
bodies, in patients newly diagnosed with idiopathic inflammatory myopathies (IIM) followed longitudinally in an elec-
tronic registry.

Methods. We assessed the association between autoantibody-defined groups and improvement according to
American College of Rheumatology/European Alliance of Associations for Rheumatology 2016 response criteria.

Results. We identified 156 patients; of those, 111 (71%) were positive for any autoantibody tested, 90% received
glucocorticoid treatment at baseline, and 78% received immunosuppressive drugs at some follow-up point. After
1 year from the index date, the overall median improvement score was 27.5 (interquartile range 10–51). No differences
were observed in the total improvement score between the autoantibody-defined groups. Overall, 62% of patients
(n = 96) showed a minimal response, 38% (n = 60) achieved a moderate response, and 19% (n = 30) achieved a major
response. Regarding the different levels of response, dermatomyositis-specific autoantibodies were associated with a
moderate response versus the seronegative group (reference), odds ratio 4.12 (95% confidence interval 1.2–16.5). In
addition, dysphagia, time from symptom onset to diagnosis, and initial glucocorticoid dose were significant predictors
of response after 1 year of follow-up.

Conclusion. Patients with DM-specific autoantibodies achieved better levels of response compared to other
autoantibody-defined groups. Dysphagia, a shorter time span from symptom onset to diagnosis, and intensive initial
immunosuppressive treatment were associated with a higher response rate after 1 year of pharmacologic treatment
from the index date, regardless of autoantibody status.

INTRODUCTION

Idiopathic inflammatory myopathies (IIM) are a group of com-

plex systemic disorders whose main symptoms are muscle

weakness, low muscle endurance, and inflammatory infiltrates in

muscle tissue biopsies (1). Extramuscular involvement, such as

skin rash, arthritis, dysphagia, interstitial lung disease, cardiac dis-

ease, and malignancy, are common. Many of these diverse man-

ifestations have been linked to the presence of specific

autoantibodies, so-called myositis-specific autoantibodies (MSAs),

which are mainly found in patients with IIM, and myositis-

associated autoantibodies (MAAs), which are also present in other

autoimmune disorders (2,3). The autoantibody profile of each

patient often corresponds to a specific clinical phenotype. The fre-

quency of the various clinical manifestations and autoantibodies

varies according to both ethnic and genetic background (4).

Whether autoantibody status has an impact on treatment response

and outcomes has not been studied in detail.
Glucocorticoids are regarded as a first-line therapy in combi-

nation with an additional immunosuppressive drug, such as

methotrexate, azathioprine, mycophenolate, cyclosporine, or

tacrolimus. New biologic drugs have emerged as an alternative

for treating patients with refractory disease (5,6), and exercise is

an important part of nonmedical treatment (7,8). Despite intense

Supported by the Swedish Research Council (K2014-52X-
14045-14-3), the Swedish Rheumatism Association, the King
Gustav V’s 80-Year Foundation, and the Stockholm County Council
(ALF Project).

Fabricio Espinosa-Ortega, MD, Marie Holmqvist, MD, PhD, Maryam Dast-
malchi, MD, PhD, Ingrid E. Lundberg, MD, PhD, Helene Alexanderson, PhD:
Solna, Karolinska Institutet, and Karolinska University Hospital, Stockholm,
Sweden.

Dr. Lundberg has received research grants from Bristol Myers Squibb and
AstraZeneca and is a scientific advisor for aTyr and Corbus Pharmaceuticals.
No other disclosures relevant to this article were reported.

Address correspondence to Fabricio Espinosa-Ortega, MD, D2:01 Karo-
linska University Hospital, Solna SE 171 76, Stockholm, Sweden.
Email: fabricio.espinosa@ki.se.

Submitted for publication December 26, 2019; accepted in revised form
October 22, 2020.

468

Arthritis Care & Research
Vol. 74, No. 3, March 2022, pp 468–477
DOI 10.1002/acr.24498
© 2020 The Authors. Arthritis Care & Research published by Wiley Periodicals LLC on behalf of American College of Rheumatology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits
use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or
adaptations are made.

https://orcid.org/0000-0001-6227-8209
https://orcid.org/0000-0001-8996-5260
https://orcid.org/0000-0002-6068-9212
mailto:fabricio.espinosa@ki.se
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24498&domain=pdf&date_stamp=2022-02-12


treatment, many patients have persistent signs of systemic dis-

ease activity and do not regain muscle performance. To date, no

biomarkers have been identified that predict response to treat-

ment, other than those biomarkers for biologic drugs (9,10). One

limitation in addressing this question has been the lack of interna-

tional consensus as to how to assess improvement after treat-

ment. In 2016 the American College of Rheumatology

(ACR)/European Alliance of Associations for Rheumatology

(EULAR) proposed response criteria that define improvement in

terms of both muscular and nonmuscular measurements, which

have since been widely accepted (11). MSAs are an attractive

option to test as potential biomarkers for treatment response

and outcomes due to their association with distinct clinical pheno-

types. Only a few studies have taken this approach so far, and

they have been limited to patients with established, treatment-

refractory disease (9,12,13). Thus, no information is available

regarding MSAs as biomarkers for treatment response in patients

newly diagnosed with IIM.
The present study aimed to test the potential of autoanti-

bodies, as well as other clinical features, as predictors of treat-
ment response, applying the new ACR/EULAR response criteria
after 1 year of immunosuppressive therapy in a cohort with
recent-onset IIM that had been followed longitudinally in an elec-
tronic health care registry.

MATERIALS AND METHODS

Study population. Since 2003, patients with IIM have been
included and followed in a standardized way using the electronic
Swedish Quality of Care Registry, which has a myositis-specific
module, SweMyoNet. This registry prospectively collects demo-
graphic, clinical, serologic, and treatment data during inpatient
and outpatient visits to the rheumatology clinic. Patients with a pri-
mary diagnosis of IIM are classified as having dermatomyositis
(DM), polymyositis, amyopathic DM, inclusion body myositis, anti-
synthetase syndrome (ASS), or juvenile DM. For this study, we ret-
rospectively selected patients who fulfilled the EULAR/ACR 2017
classification criteria for definite or probable IIM in any of the
above-mentioned subsets, as well as patients who met the criteria
for ASS (14,15). All included patients were followed at Karolinska
University Hospital and were registered in SweMyoNet within

12 months (range 0.2–11.3 months) of diagnosis between
January 1, 2003, and December 31, 2015. Patients with inclusion
body myositis and juvenile DM were excluded from this study
(16,17). The date of inclusion to SweMyoNet was defined as the
index date.

Treatment. Information on pharmacologic treatment was
available from the SweMyoNet registry. Treatment of individual
patients was based on the treating physician’s decision and was
in most cases started with high-dose glucocorticoids (0.75–1
mg/kg/day prednisolone, but not >80 mg) for 4–6 weeks, in
combination with azathioprine (1.5–2 mg/kg/day), methotrexate
(15–20 mg/day), or mycophenolate mofetil (2–2.5 grams/day).
Glucocorticoids were tapered approximately every 3 to 4 weeks
according to the treating physician’s decision, based on the
response to treatment (Vårdprogram myosit, Karolinska
Universitetssjukhuset [in Swedish]). The use of glucocorticoids,
methotrexate, azathioprine, mycophenolate mofetil, cyclophos-
phamide, and any biologic agent, either abatacept or rituximab
(during follow-up), was recorded as dichotomous variables. The
glucocorticoid dose at the index date was recorded as a continu-
ous variable.

Autoantibodies. Two assays were applied for autoanti-
body specificities: RNA- and protein-immunoprecipitation or line
blot (Euroline Myositis Antigen Profile 4 [Euroimmun]) as
described elsewhere (18). Seventy patients were tested by line
blot and 86 patients by immunoprecipitation. 3-hydroxy-
3-methylglutaryl-coenzyme A reductase autoantibodies were
analyzed at the US National Institutes of Health using a combined
protocol of immunoprecipitation followed by an enzyme-linked
immunosorbent assay (19).

Autoantibody-defined subgroups. Patients were cate-
gorized by the presence of autoantibodies, as follows: 1) ASS
(Jo1, PL7, PL12, EJ), 2) DM-associated autoantibodies (MDA5,
anti–transcription intermediary factor 1γ [anti-TIF1-γ], Mi2, SAE),
3) autoantibodies associated with immune-mediated necrotizing
myopathy (IMNM: SRP and 3-hydroxy-3-methylglutaryl-coenzyme
A reductase), 4) MAA without any MSA (PmScl, U1 RNP, Ro52,
Ku), and 5) seronegative (negative to any of these autoantibodies).

Comorbidities. Any malignancy within �3 years of IIM
diagnosis was defined as myositis-associated cancer and
recorded as such. Interstitial lung disease, cardiac involvement,
and dysphagia, as defined elsewhere, were recorded as dichoto-
mous variables (20).

Definition of treatment response.We applied the 2016
ACR/EULAR criteria improvement score to assess clinical
response to treatment (11). In short, the International Myositis
Assessment and Clinical Studies group 6-item core set measures

SIGNIFICANCE & INNOVATIONS
• Dermatomyositis-specific autoantibodies were asso-

ciated with a moderate response after 1 year of
pharmacologic treatment from the index date.

• The presence of dysphagia at the index date, a
shorter time span from symptom onset to diagno-
sis, and more-intensive initial glucocorticoid treat-
ment were predictors of response, regardless of
autoantibody status.
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of disease activity, all included in the SweMyoNet module, were
used: patient global assessment (PtGA) of disease activity and
physician global assessment (PhGA) of disease activity, both
scored on a 10-cm visual analog scale (VAS); the Manual Muscle
Test in 8 muscle groups (MMT8); the Health Assessment Ques-
tionnaire (HAQ); levels of the serum muscle enzyme creatine
phosphokinase; and global extramuscular disease activity based
on the physician’s evaluation on a 10-cm VAS, including 6 organ
systems (MYOACT tool) (21). Active disease was defined as a
value of ≥1.5 on the PhGA (22). According to ACR/EULAR
response criteria, the absolute percent change for each core set
domain is calculated (final value – baseline value/range × 100)
(11). An improvement score is assigned to each measure based
on this absolute change, and each individual core set measure is
weighted such that those considered more important contribute
more to the final score (11). Improvement scores for each of the
6 core set domains are summed to establish a total improvement
score. The higher the change, the higher the improvement score.
If the patient had <5% improvement or worsened on a particular
domain, a score of 0 was assigned to that domain (11). The
response thresholds were 20–39 for minimal, 40–59 for moder-
ate, and 60–100 for a major response.

Statistical analysis. Descriptive statistical analyses were
performed. The Kruskal-Wallis test was used for continuous vari-
ables with >2 independent samples, and Wilcoxon’s rank test
was used for comparisons of 2 independent samples. Chi-square
test or Fisher’s exact test were used for categorical variables,
when appropriate. A linear regression model was used to test
the association between the autoantibody status and the total
improvement score adjusted by the baseline values for each core
set measure. We also included an interaction parameter to identify
whether the effect of the initial values for each core set measure
varied among the autoantibody groups. A logistic regression
model was used to test the association between autoantibody-
defined groups and potential clinical predictors for each category
of response, using the nonresponders as the reference category.
To test for sensitivity, we excluded those patients who died during
the observation period and checked for differences in the propor-
tion of patients meeting the improvement criteria. A value of P less
than 0.05 was defined as statistically significant. The statistical
package employed was R, version 3.5.0 (23).

Ethics. Ethical approval was granted by the Regional Ethics
Review Board of the Karolinska Institutet, Stockholm, Sweden. All
patients signed an informed consent form before their data were
included in the registry.

RESULTS

Patients. A total of 156 cases were identified (see Supple-
mentary Figure 1, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24498/
abstract). Sixty-two patients (40%) had DM, 8 (5%) had amyo-
pathic DM, and 86 (55%) had polymyositis. Of all 156 cases,
39 (25%) met the criteria for ASS. The baseline demographic
characteristics across each autoantibody group are summarized
in Table 1. In all, 69% were female (n = 107) with a mean � SD
age of 57 � 14 years. The median duration of symptoms prior to
diagnosis was 3 months (IQR 1.0, 8.5). All patients had active dis-
ease at the index date: one-third exhibited severe organ involve-
ment (i.e., lung involvement or dysphagia), 6% had cardiac
involvement, and 17% had a myositis-associated malignancy.
Ninety percent of patients (n = 140) were given glucocorticoids at
baseline. The median initial daily dose was 50 mg (IQR 25, 60 mg);
28 patients (18%) started on intravenous pulse steroids
(>125 mg methylprednisolone). Besides glucocorticoids, 39%
(n = 61) received methotrexate, 18% (n = 29) azathioprine, 22%
(n = 35) mycophenolate mofetil, 20% (n = 32) cyclophospha-
mide, and 1% (n = 2) IVIg. Twelve percent (n = 18) received a bio-
logic drug (abatacept or rituximab) within the first year. In total,
111 patients (71%) were positive to any autoantibody. The num-
ber of patients with ASS, DM-specific autoantibodies, IMNM-
associated autoantibodies, and MAAs was 39 (25%), 28 (18%),
9 (6%), and 35 (22%), respectively. The number of patients nega-
tive for any autoantibody (seronegative) was 45 (29%). For infor-
mation about each group, see Supplementary Table 1, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24498/abstract.

Patients with ASS were more likely to have interstitial lung dis-
ease (67%) compared to the rest of the groups (overall P < 0.001).
Cardiac involvement was more frequent in the IMNM group com-
pared to other groups (overall P = 0.04), and the DM-specific auto-
antibody group had a higher erythrocyte sedimentation rate (ESR)
at the index date (P = 0.008). A significantly higher number of
patients with ASS were treated with mycophenolate mofetil, cyclo-
phosphamide, and biologic drugs during the follow-up compared
to the rest of the groups (overall P < 0.005, P < 0.001, and
P < 0.005, respectively). Regarding treatment patterns over time,
more patients included in SweMyoNet during the registry’s first
years were given glucocorticoids than those added to the registry
in later years, while the latter were more likely to be given biologic
drugs (see Supplementary Table 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24498/abstract). No differences were observed between the
autoantibody-defined groups in terms of dysphagia, cancer, or
duration of symptoms prior to diagnosis.

Autoantibodies and treatment response. Table 2
summarizes the levels of response across the autoantibody-
defined groups. After 1 year from the index date, the overall
median improvement score was 27.5 (IQR 10, 51), with no signif-
icant differences among the autoantibody-defined groups.
Table 3 and Figure 1 summarize the values for each core set
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measure and the absolute percent change at 1 year after the
index date across the autoantibody-defined groups. We did not
find significant differences in the absolute percent change in any
core set measure among the autoantibody groups. At the index
date, patients with ASS had a higher MMT8 score (P = 0.01),
and patients with DM-specific autoantibodies had a higher extra-
muscular score (overall P = 0.002). At 1 year of follow-up,
patients with ASS continued to have higher MMT8 scores
(P = 0.038), and patients with IMNM-associated antibodies had
persistently higher creatine phosphokinase levels (P = 0.001).

Because initial values for each core set measure at baseline
are associated with their values after a period of follow-up, and

subsequently with the total improvement score, we tested
whether the various autoantibody groups had any effect on the
total improvement score that was independent of the initial values
for each core set measure and whether there was an effect from
the autoantibody groups on the total improvement score depend-
ing on the initial values for each core set measure (interaction var-
iable) (see Supplementary Table 3, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24498/abstract). The unadjusted linear regression analysis
showed that the DM-specific autoantibodies group was associ-
ated with a higher total improvement score compared with the
seronegative group (reference group). After adjusting for the initial

Table 2. Total improvement score and number of patients achieving minimal, moderate, and major response after
1 year of treatment between autoantibody-defined groups*

Total ASS DM specific IMNM MAA None
P†(n = 156) (n = 39) (n = 28) (n = 9) (n = 35) (n = 45)

TIS, median (IQR) 27.5 (10, 51) 28 (13, 48) 48 (11, 63) 7.5 (2.5, 35) 35 (11, 58) 21 (7.5, 42) 0.07
Minimal 96 (62) 27 (69) 20 (71) 3 (33) 23 (66) 23 (51) 0.14
Moderate 60 (38) 13 (33) 17 (61) 2 (22) 16 (46) 12 (27) 0.03‡
Major 30 (19) 7 (18) 10 (36) 0 (0) 7 (20) 6 (13) 0.12

* Values are in the number (%) unless indicated otherwise. ASS = antisynthetase syndrome group; DM speci-
fic = dermatomyositis-specific autoantibodies group; IMNM = immune-mediated necrotizing myopathy autoanti-
bodies group; IQR = interquartile range; MAA = myositis-associated autoantibodies group; None = patients
negative to any antibody; TIS = total improvement score.
† P value by chi-square test/Fisher’s exact test for categorical data and by Kruskal-Wallis test for continuous data.
P < 0.05 indicates a significant difference between the 5 autoantibody-defined groups.
‡ Statistically significant.

Table 1. Baseline demographic characteristics of 156 patients with idiopathic inflammatory myopathies by autoantibody group*

Total
ASS DM specific IMNM MAA None

P†(n = 39) (n = 28) (n = 9) (n = 35) (n = 45)

Age at diagnosis, mean � SD years 57 � 14 54 � 15 54 � 16 58 � 19 58 � 12 61 � 13 NS
Female, no. (%) 107 (69) 24 (62) 22 (78) 6 (67) 26 (74) 26 (58) NS
Diagnosis, no. (%) or no.
Amyopathic dermatomyositis 8 (5) 3 3 1 0 2 NS
Dermatomyositis 62 (40) 13 23 0 7 18
Polymyositis 86 (55) 23 2 8 28 25

Symptom duration before
diagnosis, months

3.0 (1.0, 8.5) 3 (1, 9) 2.2 (0, 5.5) 3.2 (1, 12) 3.9 (0, 8.9) 3.5 (1, 8) NS

Disease duration at index date
from diagnosis, months

0.98 (0.2, 2.6) 0.7 (0.2, 2.2) 0.9 (0.1, 1.6) 2.6 (0.7, 7.0) 1.2 (0.5, 3.7) 1.2 (0.1, 3.5) NS

ESR, mm/hour 20 (12, 31) 22 (16.5, 34) 29 (20, 47) 15 (9, 19) 15.5 (8, 28) 16 (10.5, 26) 0.008
Comorbidities, no. (%)
ILD 52 (34) 26 (67) 10 (36) 1 (11) 11 (31) 4 (9) <0.001
Dysphagia 57 (36) 8 (21) 11 (39) 3 (33) 18 (51) 17 (38) NS
Cancer 26 (17) 5 (13) 8 (29) 2 (22) 3 (9) 8 (18) NS
Cardiac involvement 9 (6) 1 (3) 1 (4) 3 (33) 2 (6) 2 (4) 0.04

Glucocorticoids, no. (%) 140 (90) 36 (92) 26 (93) 7 (78) 33 (94) 38 (84) NS
Initial glucocorticoid dose, mg 50 (25, 60) 50 (25, 60) 52 (32, 50) 25 (12, 50) 45 (30, 60) 40 (30, 60) NS
Methotrexate, no. (%) 61 (39) 11 (28) 8 (28) 4 (44) 19 (54) 19 (42) NS
Azathioprine, no. (%) 29 (18) 8 (20) 4 (14) 2 (22) 6 (17) 9 (20) NS
Mycophenolate mofetil, no. (%) 35 (22) 11 (28) 6 (21) 2 (22) 11 (31) 5 (11) 0.004
Cyclophosphamide, no. (%) 32 (20) 19 (48) 7 (25) 0 (0) 5 (14) 1 (0.2) <0.001
Biologic drug, no. (%)‡ 18 (12) 10 (26) 5 (18) 0 (0) 2 (6) 1 (2) 0.005

* Values are the median (interquartile range) unless indicated otherwise. ASS = antisynthetase syndrome group; DM speci-
fic = dermatomyositis-specific autoantibodies group; ESR = erythrocyte sedimentation rate; ILD = interstitial lung disease; IMNM = immune-
mediated necrotizing myopathy autoantibodies group; MAA = myositis-associated autoantibodies group; NS = not significant.
† P value by chi-square test/Fisher’s exact test for categorical data and by Kruskal-Wallis test for continuous data. P < 0.05 indicates a significant
difference between the 5 groups.
‡ Use of a biologic drug (abatacept or rituximab) during the follow-up, i.e., 1 year after the index date.
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values for each individual core set measure separately, the ASS
group was associated with a higher total improvement score after
adjusting for the initial MMT8 score, but it was associated with a
lower improvement score after adjusting for the initial PtGA value
(P = 0.006 and P = 0.03, respectively). The DM-specific autoanti-
bodies group was associated with a lower total improvement score
after adjusting for the initial value of PtGA (P = 0.01). With respect
to this effect of each autoantibody group on the total improvement
score depending on the initial values for each core set measure
(interaction parameter), we found that besides the independent
effect of the ASS group and initial value of the initial MMT8 score
on the total improvement score, an even higher total improvement
score is expected for the ASS antibody group compared with the
reference group, i.e., the lower the initial MMT8 score, the higher
the total improvement score, and even higher for the ASS antibody
group than for the reference group (P = 0.01). Similarly, the effect of
a low HAQ score on the total improvement score was higher in the
MAA group compared with the reference group. No other signifi-
cant interactions were observed (see Supplementary Table 3, avail-
able on the Arthritis Care & Researchwebsite at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24498/abstract).

Of the 156 patients initially identified, 96 (62%) met the criteria
for minimal response, 60 (38%) met the criteria for moderate
response, and 30 (19%) met the criteria for major response.

Regarding the effect of autoantibody status on the different levels
of response, only patients with DM-specific autoantibodies were
associated with the moderate response level (χ2 = 10.4, df = 4,
P = 0.034). No significant associations between the autoantibody-
defined groups and minimal or major responses were observed.

Characteristics of nonresponders and responders.
The characteristics of nonresponders (improvement score < 20)
are summarized in Table 4. Nonresponder patients had a longer
duration of symptoms prior to diagnosis and lower disease activity
as measured both by PhGA and a lower ESR at the index date.
They also received lower mean initial glucocorticoid doses, and sig-
nificantly fewer patients received cyclophosphamide and biologic
drugs than responding patients at each level of response. The non-
responders were less likely to have gastrointestinal involvement,
represented by dysphagia, than patients who achieved moderate
or major responses. When comparing the autoantibody-defined
groups, no differences were found in the number of nonresponders
and responding patients at any level of response.

Predictive factors for treatment response. As a next
step, we performed a univariate logistic regression analysis to test
the predictive value of the antibody-defined groups for each
category of response. Table 5 summarizes the results of the

Table 3. Individual core set measures at index date and follow-up, and absolute percentage change in 156 patients with idiopathic inflammatory
myopathies and by autoantibody group*

Total ASS DM specific IMNM MAA Seronegative
P†(n = 156) (n = 39) (n = 28) (n = 9) (n = 35) (n = 45)

PhGA
Index date 40 (20, 57) 40 (21, 59) 50 (35, 69) 20 (20, 39) 43 (29, 52) 31 (12, 60) 0.18
Follow-up 12 (3, 20) 10 (0, 20) 18 (10, 33) 20 (15, 20) 16 (5, 20) 10 (0, 20) 0.1
Absolute % change –21(–40, 0) –22 (–50, 3) –30 (–45, –5) 0 (0, 0) –28 (–40, –3) –20 (–32, 0) 0.12

PtGA
Index date 44 (25, 71) 47 (25, 61) 50 (32, 75) 35 (17, 46) 35 (24, 69) 46 (28, 71) 0.6
Follow-up 30 (10, 50) 22 (4, 44) 34 (8, 47) 24 (15, 41) 25 (12, 51) 42 (14, 65) 0.5
Absolute % change –9 (–32, 3) –12 (–39, 1.0) –18 (–41, 0) –3 (–19, 0.5) –9.5 (–26.8, 4.5) –2 (–24, 12) 0.29

MMT8
Index date 73 (63, 78) 78 (69, 78) 69 (57, 78) 76 (68, 78) 71 (63, 76) 71 (63, 78) 0.01
Follow-up 78 (72, 80) 80 (78, 80) 79 (69, 80) 78 (74, 79) 76 (72, 79) 76 (69, 80) 0.038
Absolute % change 3 (0, 13) 1.3 (0, 8.5) 3.2 (0, 14) 2.5 (0.7, 8.2) 3.8 (0, 12.5) 1.3 (–1.6, 11.6) 0.64

HAQ
Index date 0.8 (0.3, 0.4) 0.6 (0.2, 1.3) 1.0 (0.3, 1.5) 0.6 (0.3, 1.3) 0.8 (0.3, 1.3) 0.9 (0.3, 1.5) 0.7
Follow-up 0.5 (0, 1) 0.2 (0, 0.7) 0.2 (0, 1.7) 0.5 (0.1, 0.8) 0.5 (0.1, 1) 0.8 (0.1, 1.2) 0.19
Absolute % change 0 (–17, 0) –4 (–21, 0) –8 (–24, 0) –4 (–10, –1) –8 (–23, 3) 0 (–6, 4) 0.37

CK
Index date 5.2 (1.5, 24) 5.9 (1.5, 5.2) 2.3 (1.2, 8.9) 12.5 (7.4, 9.5) 13.4 (1.6, 40) 4.1 (1.7, 26) 0.12
Follow-up 1.5 (1, 3.6) 1.6 (1.1, 2.1) 1.1 (0.8, 1.8) 7.6 (4.7, 10) 1.4 (0.8, 3.9) 1.7 (1.1, 5) 0.001
Absolute % change –5 (–32, 0.2) –5 (–31, 1) –3 (–16, 0.1) –8 (–28, –3) –23 (–49, –1) –2 (–22, 0.8) 0.27

EM
Index date 28 (10, 43) 30 (10, 45) 43 (27, 55) 18 (4, 20) 25 (15, 40) 15 (0, 30) 0.002
Follow-up 10 (0, 18) 9.5 (0, 16) 12 (5, 27) 16 (10, 23) 10 (0, 16) 6 (0, 10) 0.08
Absolute % change –11 (–32, 0) –15 (–41, 0) –21 (–37, 0) 0 (0, 0) –9 (–32, –2) –3 (–22, 0) 0.12

* Values are the median (interquartile range). ASS = antisynthetase syndrome group; CK = creatine kinase levels; DM speci-
fic = dermatomyositis-specific autoantibodies group; EM = extramuscular assessment; HAQ = Health Assessment Questionnaire;
IMNM = immune-mediated necrotizing myopathy autoantibodies group; MAA = myositis-associated autoantibodies; MMT8 = Manual Muscle
Test in 8 muscle groups; PhGA = physician global assessment; PtGA = patient global assessment.
† P value by Kruskal-Wallis test. P < 0.05 indicates a significant difference between the 5 autoantibody-defined groups.
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logistic regression models for each category of response. The
multivariate logistic regression analysis demonstrated that the
DM-specific autoantibody group was associated with moderate
response (odds ratio [OR] 4.2 [95% confidence interval (95% CI)
1.2–16.5]). The DM-specific autoantibody group was also associ-
ated with minimal and major responses to a degree that did not
reach significance. Two independent predictive factors were
associated with response to treatment: time from first symptoms
to diagnosis (OR 0.86 [95% CI 0.7–0.96] for major response)
and dysphagia (OR 3.02 [95% CI 1.3–7.7] for minimal response
and OR 3.2 [95% CI 1.2–9.5] for major response). Moreover,
because these associations could reflect confounding by indica-
tion, we tested the dose of glucocorticoids per se with all 3 levels
of response. An increase of 1 milligram of initial glucocorticoid
dose was associated with up to a 4% increase in the odds of
achieving a response. Finally, as a sensitivity analysis, 9 patients
(6%) who died during the observation period were excluded: the
associations between predictive factors and levels of response

remained similar (see Supplementary Table 4, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24498/abstract).

DISCUSSION

In our single-center cohort of patients newly diagnosed with
IIM, we found no significant differences in the total improvement
score between the autoantibody-defined groups following the
ACR/EULAR 2016 criteria. We did, however, observe that
patients who were positive for DM-specific autoantibodies had a
higher frequency of achieving a moderate response than the other
groups. To our knowledge, this is the first study to analyze the
usefulness of autoantibody status as a predictor for treatment
response using the ACR/EULAR 2016 criteria.

Earlier studies have shown that DM-specific autoantibodies
are markers of response in patients with established or refractory
disease after treatment with rituximab, as well as markers of long-

Figure 1. Values of core set measures at baseline and at 1 year after being treated. A, Physician global assessment; B, Manual Muscle Test in
8 muscle groups score; C, Creatine kinase levels, and D, Extramuscular visual analog scale. Boxes represent interquartile range. Horizontal lines
represent median value. Whiskers show the range. AS = antisynthetase syndrome group; dmAssoc = dermatomyositis-specific autoantibodies
group; IMNM = immune-mediated necrotizing myopathy autoantibodies group; MAA = myositis-associated autoantibodies group.
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term remission (9,10,24,25). Similarly, our study suggests that
DM-specific autoantibodies are markers of good response after
conventional immunosuppressive treatment in patients within the
early stages of the disease. There are several reasons that explain
these findings. First, compared to the other autoantibody-defined
groups, patients who harbored DM-specific autoantibodies had
both higher levels of extramuscular involvement and the highest

levels of ESR, as measures of disease activity at baseline.
Although we were not able to retrieve information regarding the
specific extramuscular organs involved, cutaneous manifesta-
tions and lung disease in MDA5-positive cases are frequent in
these patients. This fact is important, given that one aspect of
the ACR/EULAR criteria is that the extramuscular activity,
together with the physician’s assessment, is the second most

Table 4. Comparison of characteristics between nonresponders and patients achieving minimal, moderate, and
major response*

Nonresponders (ref.) Minimal Moderate Major
(n = 60) (n = 96) (n = 60) (n = 30)

Age at diagnosis, mean � SD years 56 � 15 58 � 15 58 � 14 59 � 14
Female, no. (%) 38 (64) 66 (68) 46 (76) 21 (70)
Dermatomyositis phenotype, no. (%) 25 (42) 41 (42) 31 (51) 20 (66)
Duration of symptoms, months 5.2 (1.3, 13) 2.2 (0.4, 6.9)† 2.0 (0.0, 4.0)‡ 1.0 (0.0, 2.8)§
Physician global assessment 20 (8, 40) 50 (37, 66)† 55 (40, 69) ‡ 64 (50, 71)§
Interstitial lung disease, no. (%) 14 (23) 38 (39) 23 (38) 13 (43)
Dysphagia, no. (%) 15 (25) 41 (42) 28 (46)‡ 16 (53)£
Cancer, no. (%) 8 (13) 18 (18) 14 (23) 9 (30)
ESR at baseline, mm/hour 14 (6, 26) 22 (15, 34)† 26.5 (20, 41)‡ 29 (18, 42)§
ASS, no. (%) 12 (20) 27 (28) 13 (21) 7 (23)
DM specific, no. (%) 8 (13) 20 (20) 17 (28) 10 (33)
IMNM, no. (%) 6 (10) 3 (3) 2 (3) 0 (0)
MAA, no. (%) 12 (20) 23 (20) 16 (26) 7 (23)
Seronegative, no. (%) 21 (35) 23 (24) 12 (20) 6 (20)
Initial glucocorticoid dose, mg 30 (11, 44) 50 (39, 60)† 60 (50, 60)‡ 60 (56, 70)§
Methotrexate, no. (%) 20 (33) 41 (43) 29 (43) 13 (43)
Azathioprine, no. (%) 10 (17) 19 (20) 9 (15) 3 (10)
Mycophenolate, no. (%) 14 (24) 21 (22) 14 (23) 9 (30)
Cyclophosphamide, no. (%) 6 (10) 26 (27)† 17 (28)‡ 9 (30)§
Biologic drug, no. (%) 4 (7) 13 (13) 10 (16) 5 (16)

* Values are the median (interquartile range) unless indicated otherwise. ASS = antisynthetase syndrome group;
DM specific = dermatomyositis-specific autoantibodies group; ESR = erythrocyte sedimentation rate;
IMNM = immune-mediated necrotizing myopathy autoantibodies group; MAA = myositis-associated autoanti-
bodies; ref. = reference.
† Comparisons between minimal responders and nonresponders by Wilcoxon’s rank test with a P value <0.05.
‡ Comparisons between moderate responders and nonresponders by Wilcoxon’s rank test with a P value <0.05.
§ Comparisons between major responders and nonresponders by Wilcoxon’s rank test with a P value <0.05.

Table 5. Factors associated with clinical response in patients with idiopathic inflammatory myopathies*

Univariate model Multivariate model

Minimal odds Moderate odds Major odds Minimal odds Moderate odds Major odds

Seronegative (ref.) 1.0 1.0 1.0 1.0 1.0 1.0
ASS 2.05 (0.84–5.16) 1.33 (0.5–3.4) 1.38 (0.4–4.7) 2.3 (0.6–8.5) 0.95 (0.26–3.3) 1.6 (0.4–7.3)
DM specific 2.28 (0.85–6.5) 4.12 (1.5–11.6)† 3.5 (1.13–11.8)† 3.9 (0.99–18.3) 4.2 (1.2–16.5)† 3.01 (0.7–13)
IMNM 0.45 (0.1–1.96) 0.76 (0.1–3.7) 0.014 (0.01–2.2) 0.6 (0.1–3.6) 1.19 (0.1–7.4) 2.8 (0.8–5.3)
MAA 1.75 (0.7–4.45) 2.24 (0.9–5.9) 1.6 (0.4–5.4) 1.3 (0.4–3.9) 2.13 (0.7–6.6) 1.25 (0.3–5.2)
Initial GC dose 1.05 (1.03–1.07)† 1.04 (1.02–1.06)† 1.05 (1.03–1.08)† 1.04 (1.02–1.07)† 1.04 (1.02–1.07)† 1.04 (1.01–1.07)†
Time from 1st
symptoms to
diagnosis, months

0.98 (0.95–1.00) 0.98 (0.94–1.00) 0.86 (0.75–0.95) 0.97 (0.95–1.0) 0.99 (0.96–1.01) 0.86 (0.7–0.96)†

Dysphagia 2.22 (1.1–4.64) 2.1 (1.05–4.0) 2.4 (1.1–5.4) 3.02 (1.3–7.7)† 2.1 (0.9–5.1) 3.2 (1.2–9.5)†
Initial ESR 1.02 (1.0–1.04) 1.04 (1.01–1.06) 1.03 (1.01–1.05) 1.01 (0.98–1.03) 1.03 (1.0–1.05) 1.01 (0.99–1.04)
Use of CFM 3.3 (1.3–9.2) 2.05 (0.9–4.6) 1.9 (0.7–4.5) 1.1 (0.28–4.6) 1.23 (0.38 – 4.15) 6.0 (1.6 – 2.1)

* Values are the odds ratio (95% confidence interval). ASS = antisynthetase syndrome group; CFM = cyclophosphamide; DM speci-
fic = dermatomyositis specific autoantibodies group; ESR = erythrocyte sedimentation rate; GC = glucocorticoid; IMNM = immune-mediated
necrotizing myopathy autoantibodies; MAA = myositis-associated autoantibodies group; ref. = reference.
† Statistically significant association.
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important weighted contributor to the improvement score, after
the MMT8 score.

Furthermore, patients with DM-specific autoantibodies had
a trend toward higher absolute percentage change in PtGA
than the other groups, which could be an effect of improvement
in cutaneous signs, which usually correlates with better
responses in subjective outcome measures (26). In addition, in
patients with anti-TIF1-γ and anti-Mi2 autoantibodies, but not
in patients without these specificities, some molecular path-
ways, such as the interferon signature, are predictors of
response to treatment as measured by improvement in muscle
strength and PhGA (27).

The autoantibody-defined groups exhibited notable differ-
ences in the core set measures at baseline and at follow-up,
but not in the absolute percentage change. Patients with ASS
usually exhibit a high level of extramuscular disease activity, rep-
resented by a high prevalence of interstitial lung disease, and a
low level of muscle involvement (15). Indeed, in our study,
patients with ASS autoantibodies presented the highest mean
MMT8 scores, both at baseline and at follow-up, and a higher
frequency of lung involvement (although they did not have a
higher mean extramuscular score compared with the other
autoantibody-defined groups). Interestingly, when we analyzed
the interaction between the autoantibody groups and the initial
value of each core set measure, we found that the ASS group
and the DM-specific antibodies group were associated with
higher total improvement scores than the reference group, an
association that was independent of the baseline values for
MMT8 and PtGA. Moreover, the total improvement score was
higher when initial values for MMT8 were lower at baseline, and
even higher in the ASS group compared with the reference
group. Together, these findings indicate that the ACR/EULAR
response criteria can capture the nature of response in the dif-
ferent autoantibody-defined groups.

In addition to DM-specific autoantibodies, we found other
independent factors associated with different levels of response
to treatment. The presence of dysphagia was strongly associ-
ated with minimal and major responses. In previous reports,
dysphagia has been associated with a good response, probably
due to more intensive treatment in patients with higher global
disease activity and anti-TIF1-γ autoantibodies (28,29). Our find-
ings, however, showed that dysphagia was a predictor indepen-
dent of the initial dose of glucocorticoids. In this study, time from
onset of symptoms to diagnosis and initial glucocorticoid dose
were also independent factors associated with response to
treatment.

Due to the long observation time of our cohort (>10 years),
some concerns may arise about the differences in treatment
patterns over the years. In fact, after performing an additional
analysis, we found that the use of glucocorticoids was more fre-
quent during the first years of the registry, whereas the use of
biologic drugs was more frequent in later years (see

Supplementary Table 2, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24498/abstract). However, neither of these differences was
associated with any level of response. Nonetheless, our data sup-
port the importance of early initial treatment intervention to achieve
improvement in patients with IIM according to the response cri-
teria (30–33).

Our study has several limitations. First, autoantibodies were
tested using 2 different assays. However, as previously reported,
the overall concordance between these 2 assays was 78%,
with a moderate agreement. Moreover, the agreement for the
most prevalent specificities (e.g., Jo1) was good (18). Second,
seronegative patients, particularly those without skin rash, may
develop another myopathy beyond the observation period of
this study. Third, the small cohort size prevented analyses of
individual autoantibodies as predictors, and thus we grouped
patients into clinically relevant autoantibody-defined sub-
groups. Still, the small sample size of autoantibody-defined
groups might have limited the ability to detect differences in
total improvement scores. Fourth, patients considered to be
nonresponders might represent a group with mild disease, irre-
spective of autoantibody status (22). Fifth, the association of
medications with treatment responses could be a potential con-
founder for indication influencing the degree of response to
treatment. Lastly, we cannot rule out the possibility that occa-
sional patients might have received aggressive treatment before
the index date or experienced improvement before their inclu-
sion in the SweMyoNet registry. A strength of the SweMyoNet
registry is that it includes most patients treated at our clinic,
both patients diagnosed in the inpatient ward and those diag-
nosed in the outpatient clinic, and thus represents various levels
of disease severity.

In conclusion, in our retrospective study using prospectively
collected data, we found that patients with DM-specific autoanti-
bodies were more likely to have a moderate level of response
compared to patients without these autoantibodies. Moreover,
the presence of dysphagia, a shorter time from symptom onset
to diagnosis, and more-intensive initial glucocorticoid treatment
were independently associated with higher rates of clinical
improvement after 1 year of pharmacologic treatment, for all sub-
groups. Our findings highlight the importance of identifying
autoantibody-defined subgroups of patients with IIM early on,
and of initiating intensive glucocorticoid treatment as soon as
possible after diagnosis, as this identification and treatment pre-
dict higher rates of clinical response regardless of autoantibody
status.
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Prognosis and Treatment of Myositis-Associated Severe
Interstitial Lung Disease: A Descriptive Study Using a
Nationwide Inpatient Database in Japan

Hiroki Furuya,1 Mikio Nakajima,2 Kei Ikeda,1 Kaito Nakamura,1 Hiroyuki Ohbe,3 Shotaro Aso,3

Ryosuke Kumazawa,3 Taro Iwamoto,1 Arifumi Iwata,1 Shunsuke Furuta,1 Hiroki Matsui,3 Kiyohide Fushimi,4

Hideo Yasunaga,3 and Hiroshi Nakajima1

Objective. The aim of this study was to determine the prognosis, clinical course, and current management of
severe interstitial lung disease (ILD) associated with myositis in Japan.

Methods. We conducted a retrospective descriptive study using a nationwide database for inpatient care of acute
illness in Japan. Among a total of ~66 million inpatient admissions, we identified patients with severe ILD associated
with polymyositis (PM) or dermatomyositis (DM) who required mechanical ventilation and methylprednisolone pulse
therapy (≥1 gm/day of methylprednisolone) from July 2010 to March 2018.

Results. We identified 155 patients with PM and 394 with DM who fulfilled the above criteria. The median age of
patients was 65 years; DM patients were significantly younger than PM patients (64 versus 68 years; P < 0.001).
The numbers of patients who were treated with calcineurin inhibitors, intravenous cyclophosphamide, and poly-
myxin B–immobilized fiber column direct hemoperfusion (PMX-DHP) were 403 (73.4%), 318 (57.9%), and
78 (14.2%), respectively. All these treatments were given significantly more frequently to the patients with DM
compared with those with PM. The uses of other treatment options were much less frequent. The median periods
after hospitalization when methylprednisolone pulse therapy, calcineurin inhibitors, mechanical ventilation, intra-
venous cyclophosphamide, and PMX-DHP were initiated and in-hospital death occurred among patients with
DM were 2, 4, 7, 8, 17, and 36 days, respectively. In-hospital mortality was significantly higher in patients with
DM than in those with PM (76.6% versus 56.8%; P < 0.001).

Conclusion. The mortality of patients with myositis-associated severe ILD who require mechanical ventilation is
extremely high despite aggressive and prompt interventions.

INTRODUCTION

Polymyositis (PM) and dermatomyositis (DM) are rare sys-

temic autoimmune disorders affecting skeletal muscles and

are estimated to affect 10–13 patients per 100,000 population

in Japan (1). Interstitial lung disease (ILD) is a life-threatening

complication of PM and DM that develops in as much as 50%

of cases (2). A certain form of myositis-associated ILD is rapidly

progressive and reported to lead 40% of the patients to death

within 6–12 months after diagnosis (3).
Due to its rarity and high mortality, there are no established

evidence-based treatment strategies for ILD with PM or DM. A

study of the past largest cohort of new-onset myositis-

associated ILD (n = 497) showed that the most frequently pre-

scribed drugs were glucocorticoids (98%), cyclosporine

(48%), tacrolimus (45%), and cyclophosphamide (44%) in
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Japan (4). However, there is limited information on patients with

severe cases, which is a subpopulation that desperately needs

a new treatment strategy.
Recently, real-world big data are attracting attention

because they can provide unique and meaningful insight into
rare and/or life-threatening diseases that conventional studies
could not capture (5). In this study, we utilize a large real-world
database in Japan to determine the prognosis, clinical course,
and current management of severe ILD associated with
myositis.

PATIENTS AND METHODS

Study design and data source. We conducted a retro-
spective descriptive study using the Diagnosis Procedure Combi-
nation (DPC) database, a nationwide administrative database for
inpatient care of acute illness in Japan. Approximately 1,000
acute-care hospitals including all 82 academic hospitals in
Japan participate in the database, and the data cover approxi-
mately one-half of all inpatient admissions to acute-care hospitals
and around 92% of all admissions to tertiary-care emergency
hospitals in Japan (6). The DPC database contains age, sex,
dates of admission and discharge, content and date of given
treatments, and diagnoses that are recorded in both Japanese
text and International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10) codes. A previ-
ous study showed that sensitivity and specificity of the primary
diagnoses were 78.9% and 93.2%, respectively (7). The current
study was approved by the Institutional Review Board of The Uni-
versity of Tokyo. The requirement for informed consent was
waived due to the anonymized nature of the data.

Patient selection. The data collection period for the study
was from July 2010, the earliest date that the DPC data were avail-
able, to March 2018. We identified patients with severe ILD associ-
ated with PM or DM who required mechanical ventilation. We
excluded patients who did not receive methylprednisolone pulse
therapy within 30 days after admission in order to exclude patients
who were hospitalized for infectious pneumonia as well as mild/
nonacute cases. These diagnoses were defined by the following

ICD-10 codes: ILD (J841, J849, J990, and J991), DM (M330,
M331, and M339), and PM (M332). The methylprednisolone pulse
therapy was defined as ≥1 gm/day of methylprednisolone. The
patients with ICD-10 codes for both PM and DM were defined as
having DM. Patients <16 years of age at admission were excluded
(Figure 1).

Clinical information and outcomes. We investigated
patients’ sex, age, and date of administered medications and
interventions and determined in-hospital mortality as an outcome.
We extracted information on the following treatments available in
Japan that had been reported to be effective for myositis-
associated severe ILD (8–12): glucocorticoids; calcineurin inhibi-
tors (CNIs), including tacrolimus and cyclosporine; cyclophos-
phamide (CYC); rituximab (RTX); methotrexate (MTX);
azathioprine (AZA); mycophenolate mofetil (MMF); abatacept;
tocilizumab; tumor necrosis factor (TNF) inhibitors, including inflix-
imab, etanercept, adalimumab, and golimumab; JAK inhibitors,
including tofacitinib and baricitinib; intravenous immunoglobulin

SIGNIFICANCE & INNOVATIONS
• The largest number of patients with severe

myositis-related interstitial lung disease (ILD) who
require mechanical ventilation were identified by
utilizing a nationwide database for inpatient care
of acute illness in Japan.

• The mortality of severe myositis-related ILD in
patients who require mechanical ventilation is
extremely high despite aggressive and prompt ther-
apeutic interventions.

Figure 1. Patient selection flow chart. DM = dermatomyositis;
DPC = diagnosis procedure combination; ICD-10 = International Sta-
tistical Classification of Diseases and Related Health Problems, Tenth
Revision; ILD = interstitial lung disease; PM = polymyositis.
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(IVIG); plasmapheresis; polymyxin B–immobilized fiber column
direct hemoperfusion (PMX-DHP); and extracorporeal membrane
oxygenation.

Statistical analysis. Continuous variables were reported
as the median and interquartile range, and categorical variables
were reported as count and percentage. Baseline differences
between groups were evaluated using chi-square tests or
Fisher’s exact tests for categorical variables and Wilcoxon’s rank
sum tests for continuous variables. The threshold for significance
was set to be a P value of 0.05. Statistical analyses were
conducted using the statistical software package for Stata/MP,
version 15.

RESULTS

Patient characteristics. Among a total of ~66 million
inpatient admissions in the database during the study period,
155 patients with PM and 394 patients with DM fulfilled the study
selection criteria (Figure 1 and Table 1). The median age in
patients with DM was significantly younger than that in patients
with PM (64 years versus 68 years; P < 0.001), while there was
no significant difference in sex.

Treatment. The number of overall patients who were
treated with CNIs, intravenous CYC, the combination of CNIs

and intravenous CYC, and PMX-DHP was 403 (73.4%),
318 (57.9%), 274 (49.9%), and 78 (14.2%), respectively. All of
these treatments were used more frequently in patients with DM
than those with PM, while the other treatment options were used
infrequently (Table 1). The time course of the treatment interven-
tion and outcome after admission is shown in Figure 2. The
median numbers of hospital days of initiating methylprednisolone
pulse therapy, CNIs, mechanical ventilation, intravenous CYC,
and PMX-DHP among patients with DM were 2, 4, 7, 8, and
17, respectively.

In-hospital mortality. The in-hospital mortality of patients
with DM was significantly higher than that of patients with PM
(76.6% versus 56.8%; P < 0.001). The median length of hospital
stays among deceased patients with DM was 28 days
(Figure 2). Notably, 66 of 78 patients (84.6%) who underwent
PMX-DHP, and 221 of 274 patients (80.6%) who were adminis-
tered a combination of intravenous CYC and CNIs died (see Sup-
plementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24646/
abstract).

DISCUSSION

In the current study, we investigated the real-world practice
and in-hospital mortality of 549 patients with myositis-associated

Table 1. Patients’ characteristics given treatments and mortalities among patients with severe polymyositis (PM)
and dermatomyositis (DM) who required mechanical ventilation and steroid pulse therapy*

Characteristic
Overall
(n = 549)

PM
(n = 155, 28.2%)

DM
(n = 394, 71.8%) P

Demographic information
Age, median (IQR) years 65 (57–72) 68 (62–76) 64 (56–70) <0.001
Male sex 256 (46.6) 76 (49.0) 180 (45.7) 0.48

Administered treatment
Calcineurin inhibitors 403 (73.4) 90 (58.1) 313 (79.4) <0.001
Intravenous cyclophosphamide 318 (57.9) 59 (38.1) 259 (65.7) <0.001
Calcineurin inhibitors and intravenous
cyclophosphamide

274 (49.9) 47 (30.3) 227 (57.6) <0.001

PMX-DHP 78 (14.2) 14 (9.0) 64 (16.2) 0.029
Plasmapheresis 42 (7.7) 8 (5.2) 34 (8.6) 0.17
ECMO 15 (2.7) 2 (1.3) 13 (3.3) 0.19
Rituximab 15 (2.7) 4 (2.6) 11 (2.8) 0.89
Azathioprine 13 (2.4) 5 (3.2) 8 (2.0) 0.41
Oral cyclophosphamide 11 (2.0) 3 (1.9) 8 (2.0) 0.94
Mycophenolate mofetil 9 (1.6) 0 (0.0) 9 (2.3) 0.058
Intravenous immunoglobulin 5 (0.9) 0 (0.0) 5 (1.3) 0.16
Methotrexate 3 (0.5) 1 (0.6) 2 (0.5) 0.84
TNF inhibitors 3 (0.5) 0 (0.0) 3 (0.8) 0.28
JAK inhibitors 1 (0.2) 0 (0.0) 1 (0.3) 0.53
Abatacept 0 (0.0) 0 (0.0) 0 (0.0) –

Tocilizumab 0 (0.0) 0 (0.0) 0 (0.0) –

In-hospital mortality 390 (71.0) 88 (56.8) 302 (76.6) <0.001

* Values are the number (%) unless indicated otherwise. ECMO = extracorporeal membrane oxygenation;
IQR = interquartile range; PMX-DHP = polymyxin B–immobilized fiber column direct hemoperfusion; TNF = tumor
necrosis factor.
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severe ILD who required mechanical ventilation and methylpred-
nisolone pulse therapy using a nationwide administrative inpatient
database in Japan. Although CNIs, intravenous CYC, and PMX-
DHP were frequently and promptly used along with methylpred-
nisolone pulse therapy, the in-hospital mortalities of patients with
PM and DM were as high as 56.8% and 76.6%, respectively.

A previous study with the largest cohort of new-onset
myositis-associated ILD (n = 497) showed that mortalities of
patients with PM, clinically amyopathic DM, and classical DM
were 2.6%, 23%, and 8%, respectively, during the median obser-
vation period of 20 months from diagnosis, most of which were
due to progression of ILD (4). Similarly, a previous study in
France showed that the overall mortality of myositis-associated
ILD was 7.5% among 107 patients (13). However, unlike the
current study, which focuses on the mortality of patients with
severe cases of myositis-associated ILD requiring both mechani-
cal ventilation and methylprednisolone pulse therapy, the mortal-
ities reported in these previous studies were not stratified by

severity. On the other hand, the subanalysis of our previously
reported DPC data set (14) revealed that the mortality of acute
exacerbation of idiopathic pulmonary fibrosis of similar severity
was 57.3% (1,516 of 2,648 patients) (unpublished data). These
data indicate that the diagnosis of underlying DM may be an
important and independent poor prognostic factor.

Due to its rarity and high mortality, no formal guidelines or
randomized controlled studies inform optimal therapy for severe
myositis-associated ILD. In addition to high-dose glucocorticoids,
which are regarded as first-line treatment, other treatment options
include MTX, CNIs, intravenous CYC, RTX, AZA, MMF, IVIG, TNF
inhibitors, abatacept, tocilizumab, JAK inhibitors, plasmaphere-
sis, and PMX-DHP (8–12). Among these options, a few studies
with a limited number of patients have been conducted to show
the effectiveness of CNIs and intravenous CYC (8). Our data dem-
onstrate that CNIs and intravenous CYC were indeed the drugs
most commonly chosen in real-world settings for the treatment
of severe myositis-associated ILD.

Figure 2. Time course of treatment and in-hospital death for polymyositis (A) and dermatomyositis (B). The numbers of patients (y-axis) who ini-
tiated major medications or therapeutic procedures and who died in each hospital day (x-axis) are shown in kernel density plots. The maximum
heights of density plots are standardized to better visualize the time course of all treatments and in-hospital death. The box plots below represent
median and lower and upper quantile hospital days. PMX-DHP = polymyxin B–immobilized fiber column direct hemoperfusion.
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Notably, PMX-DHP was used in 14.2% of our study popula-
tion. PMX-DHP has been developed and approved in Japan to
remove endotoxin in patients with sepsis. However, it has also
been used off-label to treat severe idiopathic pulmonary fibrosis,
aiming to remove cytokines that contribute to lung injury, and
has shown some effectiveness (15). Although the past reports of
PMX-DHP in myositis-associated ILD are limited to case reports
and case series (9), our data showed that a significant proportion
of severe patients receive this treatment possibly due to the lack
of better options. Meanwhile, the proportion of patients who
underwent PMX-DHP was significantly higher in patients who
died than in those who survived (see Supplementary Table 1,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24646/
abstract). However, the impact of treatment with PMX-DHP or
medications on mortality cannot be derived from our data due to
confounding by indication.

To our knowledge, this is the first descriptive study of
myositis-associated severe ILD to demonstrate clinical time
course after admission. Our data showed that although methyl-
prednisolone pulse therapy, CNIs, and intravenous CYC were
promptly administered after hospitalization, mechanical ventila-
tion was required mostly within a week, and 71.0% died mostly
within 1 month after admission. The high mortality in our data
indicates the need for a novel treatment strategy to prevent, halt,
or reverse the severe lung inflammation or damage in this patient
population. Tofacitinib, a candidate treatment option with recent
reports on its potential use in myositis-associated ILD (11,12),
was administered to only 1 patient captured in our study.

Our study has several limitations. First, the database does
not contain either laboratory or imaging data, including known
prognostic factors such as autoantibodies, serum biomarkers,
and lung computed tomography imaging patterns. Second, the
database does not contain the primary objective of hospitalization
and the cause of death. In order to mitigate the possibility of
enrolling patients who were admitted and underwent mechanical
ventilation due to infectious pneumonia, we added methylpred-
nisolone pulse as one of the inclusion criteria. Third, although this
study is currently the largest descriptive study of myositis-
associated severe ILD, the number of patients who fulfilled inclu-
sion criteria was insufficient to conduct multivariate analyses or
further stratifications. Fourth, as this study is based on a database
in Japan, its generalizability to other countries is uncertain. Finally,
the database does not contain outpatient data, and hence, it is
unclear if the patients were newly diagnosed or had been treated
with immunosuppressant medications before the hospitalization.

In conclusion, we performed a descriptive study of current
practice and in-hospital mortalities of 549 patients with
myositis-associated severe ILD who required mechanical venti-
lation and methylprednisolone pulse therapy using a nationwide
administrative inpatient database in Japan. The mortality of
these patients was extremely high, although aggressive and
prompt interventions were made. Novel treatment strategies

to prevent, halt, or reverse the severe lung inflammation and
damage in this population with a poor prognosis are greatly
needed.
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Outcomes and Quality of Care in Rheumatoid Arthritis
With or Without Video Telemedicine Follow-Up Visits

Elizabeth D. Ferucci, Gretchen M. Day, Tammy L. Choromanski, and Sarah L. Freeman

Objective. Telemedicine has been proposed to improve access to care in rheumatology, but few studies of
telerheumatology have been published. The objective of this study was to evaluate outcomes and quality of care for
rheumatoid arthritis (RA) in patients seen by video telemedicine follow-up compared to in-person only.

Methods. Individuals in the Alaska Tribal Health System with a diagnosis of RA were recruited when seeing
a rheumatologist either in-person or by video telemedicine, both of which were offered as part of usual follow-
up care. At baseline, participants completed the Routine Assessment of Patient Index Data 3 (RAPID3) question-
naire and a telemedicine perception survey and agreed to medical record review. Participants repeated surveys
by telephone at 6 and 12 months, and medical record abstraction was performed at 12 months for quality
measures.

Results. At the 12-month outcome assessment, 63 of 122 RA patients (52%) had ever used telemedicine for RA. In
univariate analysis, functional status improved over 12 months in the telemedicine group. In multivariate analysis,
RAPID3 score and functional status were associated with telemedicine group (higher), with no statistically significant
change over the 12-month period. The only quality measure that differed between groups at 12 months in univariate
analysis was the proportion of visits in which disease activity was documented (higher in the in-person group, 40%
versus 25%; P = 0.02), but this was not significant after multivariate analysis.

Conclusion. In short-term follow-up, there was no significant difference in most outcome and quality measures in
patients with RA who incorporated telemedicine follow-up in their care compared to in-person only.

INTRODUCTION

In rheumatoid arthritis (RA), guidelines highlight the impor-

tance of early diagnosis and initiation of disease-modifying

antirheumatic drugs (DMARDs), with frequent disease monitor-

ing using a treat-to-target strategy setting a target of remission

or low disease activity (1). Studies have supported the impor-

tance of rheumatologists in the care and monitoring of patients

with RA, with several studies demonstrating improved quality

of care when a rheumatologist is included (2–5). However,

access to rheumatologists is limited, especially in rural areas

(6,7). Leveraging telemedicine has been proposed as a

method to address workforce issues in rheumatology, with

the potential to improve access to care for underserved com-

munities (8).

Prior to the COVID-19 pandemic, adoption of telemedicine in

rheumatology was slower than in other specialties, and few stud-

ies of telerheumatology had been published as of a systematic

review in 2015 (9). Since 2015 and prior to the pandemic, more

rheumatologists were using telemedicine, and a few additional

studies were published (10–13). During the COVID-19 pandemic,

there has been a dramatic increase in use of telemedicine in all

specialties (14). Complicating research in this field, telemedicine

encompasses many different methods of using technology to

deliver health care, including different communication methods

(synchronous or asynchronous), phases of care (initial consult or

follow-up visit), types of presenters (physicians, other trained pre-

senters, presenters without specific training, or no presenters),

and disease states (9). Synchronous telemedicine can be con-

ducted from clinic to clinic or directly with the patient’s home or
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mobile device. In the systematic review of telerheumatology, the

most commonly studied form of telemedicine was synchronous,

with RA or other inflammatory arthritis as the most common dis-

ease state (9). The most common presenters were physicians,

and telerheumatology was most commonly studied in the initial

consultation phase of care (9). Finally, telemedicine can be incor-

porated into rheumatology practices in many ways, but in most

cases it is not used exclusively to replace in-person visits. In this

observational study of telerheumatology in the Alaska Tribal

Health System (ATHS), we focus on the practice model used in

our system during the study, namely synchronous video telemed-

icine from clinic to clinic, to provide some but not all care in the

follow-up phase of RA with the use of a nonphysician presenter

who is not specifically trained in rheumatology.
In the ATHS, asynchronous telemedicine (otherwise known

as store-and-forward or eConsult) was available for 20 years but
not widely used in rheumatology. Improved connectivity allowed
for the expansion of synchronous video telemedicine for specialty
care in the ATHS. In rheumatology, telemedicine has been avail-
able as part of usual care since 2015, as described previously
(15). Rheumatologists are based at the Alaska Native Medical
Center (ANMC) in Anchorage and provide care to the Alaska
Native population statewide. Specialty care is provided using
regional field clinics, telemedicine visits, and in-person visits at
the ANMC. The cost of travel from rural communities to Anchor-
age can be significant. Because of the need to provide care to
patients residing in >200 small communities, telemedicine is per-
formed with a presenter who is not specifically trained in rheuma-
tology. Telemedicine can be used for any disease state, but our
study focused on RA because it is the most common
condition seen.

This observational study was designed to evaluate the out-
comes of and quality of care for RA in patients seen by video tele-
medicine at least once for follow-up compared to in-person only

over the course of 1 year, when video telemedicine and in-person
care were both available options in usual care. A previous publica-
tion from this study described the use of telemedicine in rheuma-
tology in the ATHS, as well as factors associated with
telemedicine use by RA patients at baseline (15). This analysis
focuses on differences in outcomes (patient-reported disease
activity and functional status) as well as quality of care (based on
medical record abstraction) between individuals ever seen by
video telemedicine compared to in-person only over the 1-year
study period.

PATIENTS AND METHODS

Inclusion criteria. Individuals age ≥18 years with a diag-
nosis of RA confirmed by a rheumatologist who were being seen
by a rheumatologist at the ANMC, either in person or by telemed-
icine, were invited to participate in this study. Telemedicine had
been available for rheumatology care for ~1 year prior to initial
recruitment, with clinical practice described previously (15). Tele-
medicine was not used exclusively but as an option to supple-
ment in-person care. As an observational study of existing
practice, we were unable to randomize patients to receive tele-
medicine nor control how and when clinic staff offered telemedi-
cine to patients. Enrollment occurred from August 2016 until
March 2018. Recruitment relied on clinic staff (to introduce the
study to eligible patients) and flyers in clinic, with research staff
providing more detailed information to interested patients when
clinic staff indicated possible interest. Research staff obtained
written or oral informed consent from participants. For enrolled
participants, follow-up continued for 1 year, and all follow-up
was completed by March 2019. The study was approved by the
Alaska Area Institutional Review Board. Tribal approval was
obtained from participating tribal health organizations.

Baseline study visit and clinical data. After providing
informed consent, participants completed a baseline study
assessment at the time of enrollment, which could be conducted
by research staff either in-person or by telephone and often coin-
cided with a rheumatology clinic visit. A study procedure flow dia-
gram is provided in Figure 1. The baseline data collection included
2 surveys (telemedicine perception survey and the Routine
Assessment of Patient Index Data 3 [RAPID3] questionnaire).
The telemedicine perception survey questions and results have
been described previously (15). Participants also agreed to medi-
cal record abstraction at baseline for demographic information,
disease characteristics, comorbidities, and measures of access
to and quality of care. Medical record abstraction was performed
using a standardized abstraction form, as described previously
(15). Health care–related elements included the number of visits
with a rheumatologist in the preceding year, whether each visit
was conducted by telemedicine or in-person, and which rheuma-
tologist was seen. Quality measures selected for this study

SIGNIFICANCE & INNOVATIONS
• This study is one of a few to provide data on disease

activity, functional status, and quality of care for
rheumatoid arthritis (RA) in patients with video tele-
medicine visits incorporated in their follow-up care
compared to in-person only care.

• Overall, there were few differences between the
groups in outcomes and quality of care, although
the study was of a relatively small size and short
duration.

• The findings of this study suggest that video tele-
medicine is reasonable to incorporate into usual
care for patients with RA.

• This study was conducted prior to the onset of the
COVID-19 pandemic, and since that time, the
uptake of telemedicine in rheumatology and other
specialties has increased dramatically.
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included those endorsed by the American College of Rheumatol-
ogy at the time of study design (16,17). Measures abstracted
included: 1) whether disease activity was documented at each
visit (by composite disease activity score or categorized without
a composite score, similar to methods of Desai et al [18]); 2) if
the disease activity was moderate or high, whether a change in
therapy was prescribed; 3) whether a functional status assess-
ment was documented at each visit; 4) whether a DMARD was
prescribed in the past year; 5) whether tuberculosis screening
was performed prior to first biologic DMARD initiation; and 6)
whether prolonged glucocorticoids were prescribed without a
management plan.

Longitudinal data collection. Participants were con-
tacted by research staff by telephone at 6 and 12 months for out-
come assessment. This included RAPID3 by telephone at both
time points and a repeat telemedicine perception survey at
12 months. Medical record abstraction of quality measures was
repeated at 12 months for all participants. Patient-level variables
included: 1) the number of visits with a rheumatologist in the year
after study enrollment; 2) whether a DMARD was prescribed in
the past 12 months; 3) whether the patient had been prescribed
prolonged glucocorticoids without a documented glucocorticoid
management plan; and 4) whether the first biologic DMARD had

been initiated in the past year, and if so, whether tuberculosis
screening had been performed within 6 months prior. Visit-level
variables included: 1) whether the visit was performed by tele-
medicine; 2) whether disease activity was documented; 3)
whether a medication change was prescribed if disease activity
was moderate or high; and 4) whether functional status assess-
ment was documented.

Statistical analysis. Statistical analysis was performed
using SAS, version 9.4. A 2-sided P value less than 0.05 was
considered significant. The study was designed to have 86%
power to detect a difference in functional status by group,
assuming mean and variability as determined in other popula-
tions. Participants were categorized as being in the telemedicine
group if they had ever had a telemedicine visit with a rheumatol-
ogist. Otherwise, they were categorized in the in-person only
group. Factors that differed between groups were analyzed at
the 1-year time period, similar to baseline analysis (15). Two
composite scores were included in this analysis (the mean rheu-
matologist telemedicine rate and the telemedicine survey score),
as previously described (15). Briefly, the mean rheumatologist
telemedicine rate was defined as the weighted visit mean of
rheumatologist telemedicine proportions to account for differing
proportions of overall visit load of each rheumatologist

Figure 1. Flow chart for study procedures after study enrollment. The study included 2 forms of data collection: surveys administered by
research staff and medical record abstraction for information about clinical care provided. On the left are the procedures for study surveys admin-
istered by research staff at baseline, 6 months, and 12 months and the number of participants completing each step. On the right are the proce-
dures for medical record abstraction at baseline and 12 months and the number of participants for whom the abstraction was completed at each
time point. RAPID3 = Routine Assessment of Patient Index Data 3.
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conducted by telemedicine. For this analysis, it was dichotomized
into “high” (≥5% of visits conducted by telemedicine) or “low”
(<5% of visits conducted by telemedicine) for better fit in multivar-
iate models. There were a total of 5 rheumatologists during the
course of the study. The telemedicine survey score is the average
response to the 12 survey questions with values ranging from –2
to 2, with a higher score indicating more receptiveness to tele-
medicine, and a score of 0 indicating a neutral response.

Initial comparisons between groups were performed with uni-
variate methods. For patient-reported measures, the analysis only
included patients who completed the RAPID3 questionnaire at
12 months. The change in RAPID3 score, functional status, and
proportion of patients in low disease activity or remission by
RAPID3 were analyzed from RAPID questionnaires at baseline,
6 months, and 12 months for the telemedicine and in-person
groups using repeated-measures analysis of variance for continu-
ous variables and repeated-measures logistic regression for cate-
gorical variables. Repeated linear measures mixed models were
used to evaluate factors associated with the continuous variables
over time. Covariates assessed included age, sex, group (telemed-
icine versus in-person only), telemedicine survey score, number of
rheumatologist visits in the preceding year, number of rheumatolo-
gist visits in the study year, rheumatologist telemedicine rate, ever

seen by telemedicine by non-rheumatologist, and time point
(baseline, 6 months, and 12 months). An interaction term between
group and time point was included in the models. A significant
interaction would mean that the change in scores over time would
be different by group. Models were selected based on the fit of
the model and significance of individual covariate estimates in
the model. Generalized estimating equations (GEEs) were used
for the categorical variable to account for correlation between
data from the same patient during multiple rounds of follow-up.
The GEE results are based on an unstructured correlation matrix.

The analysis of quality of care for RA by group included data
from medical record abstraction at 12 months and included all
study participants. Most quality measures were analyzed by visit,
and some patients did not have a visit with a rheumatologist dur-
ing the 12 months after enrollment. Only patients with a visit were
included in the analyses conducted by visit. All patients were
included in the analysis by patient.

For all quality measures, initial comparisons between groups
were performed using univariate methods. We used Poisson
regression to examine factors associated with the number of
rheumatology visits during the study, controlling for age and sex.
We evaluated the following variables in the model: group (tele-
medicine or in-person only), number of visits in the year prior to

Table 1. Characteristics of patients with rheumatoid arthritis seen by telemedicine versus in-person only at 1
year*

Characteristic
Telemedicine

(n = 63)
In-person only

(n = 59) P

Female sex, no. (%) 52 (83) 50 (85) 0.74
RAPID3 score (0–30 scale; n = 74) 12.1 � 5.8† 10.0 � 5.1‡ 0.12
No. of rheumatology visits in past year 1.8 � 1.2 1.7 � 1.4 0.78
DMARD in past year, no. (%) 61 (97) 58 (98) 0.6
Rheumatologist telemedicine rate in past year 21.7 � 23.1 8.4 � 11.2 0.0001
Telemedicine survey score at 1 year (range –2 to 2; n= 74) 0.50 � 0.41† 0.07 � 0.41‡ <0.0001
Change in telemedicine survey score from baseline to
1 year (n = 74)

0.02 � 0.5† 0.05 � 0.5‡ 0.84

Remission or low disease activity by RAPID3 at 1 year,
no. (%) (n = 74)

10 (25) 10 (29) 0.57

* Values are the mean � SD unless indicated otherwise. DMARD = disease-modifying antirheumatic drug;
RAPID3 = Routine Assessment of Patient Index Data 3.
† N = 33.
‡ N = 41.

Table 2. Disease activity and functional status over 12 months in patients with rheumatoid arthritis seen by telemedicine versus in-person only*

Telemedicine In-person only

Baseline
(n = 62)

6 months
(n = 48)

12 months
(n = 39) P

Baseline
(n = 60)

6 months
(n = 40)

12 months
(n = 35) P

RAPID3 score 12.4 � 5.3 11.5 � 5.0 12.1 � 5.7 0.7† 10.4 � 5.6 9.8 � 4.7 10.0 � 5.4 0.50†
Low disease activity or
remission, no. (%)

11 (18) 10 (21) 9 (23) 0.5‡ 17 (28) 9 (23) 11 (31) 0.42‡

Functional status score 2.9 � 1.9 2.5 � 1.7 2.4 � 1.8 0.02† 1.9 � 1.9 2.1 � 2.0 1.8 � 1.3 0.69†

* Values are the mean � SD unless indicated otherwise. RAPID3 = Routine Assessment of Patient Index Data 3.
† Repeated-measures analysis of variance.
‡ Repeated-measures logistic regression.
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enrollment, baseline RAPID3 score, baseline telemedicine survey
score, and rheumatologist telemedicine rate. Multivariable logistic
regression was conducted for each of the remaining quality mea-
sures. We controlled for age (linear), sex, and group in all models
and evaluated the covariates listed above in addition to whether
the visit was conducted by telemedicine or not for visit-level analy-
ses. Models were selected based on the fit of themodel and of indi-
vidual covariate estimates in the model.

RESULTS

The characteristics of study participants at 1 year after study
enrollment are presented in Table 1. Baseline characteristics,

including disease characteristics, were described previously (15).
As demonstrated in Table 1 and consistent with baseline, partici-
pants in the telemedicine group had a higher mean rheumatologist
telemedicine rate and more positive perceptions of telemedicine.
Although the telemedicine group had a highermeanRAPID3 score
than the in-persongroupat1 year (12.1 versus10.0), thedifference
wasnot statistically significant,while thedifferencehadbeen signif-
icant at baseline (12.6 versus 10.4; P= 0.037) (15). Not all partici-
pants completed the final RAPID3 questionnaire (n = 74 of 122),
so the power to detect differenceswas lower. In addition, variability
in RAPID3 score and functional status were higher than expected.
Demographic and disease characteristics of those lost to follow-
up compared to those completing follow-up surveys were similar,

Table 3. Multivariate analyses of disease activity and functional status over 12 months in patients with rheuma-
toid arthritis seen by telemedicine versus in-person only*

Dependent variable (model type) and
independent variables Estimate (95% CI) OR (95% CI) P

RAPID3 score (mixed model)
Age, linear 0.07 (0.01, 0.14) – 0.04
Male sex –0.16 (–2.60, 2.27) – 0.89
Telemedicine group 2.38 (0.47, 4.30) – 0.02
Telemedicine survey score –0.86 (–1.58, –0.14) – 0.02
Visits during study –1.22 (–2.36, –0.09) – 0.04
Time 6 months 0.25 (–1.18, 1.68) – 0.73
Time 12 months 0.47 (–1.26, 2.20) – 0.59
Group � 6 months interaction –0.18 (–1.80, 1.43) – 0.82
Group � 12 months interaction 0.41 (–1.75, 2.57) – 0.71

Functional status score (mixed model)
Age, linear 0.04 (0.02, 0.06) – 0.0007
Male sex 0.26 (–1.09, 0.57) – 0.39
Telemedicine group 1.02 (0.36, 1.68) – 0.003
Time 6 months 0.01 (–0.31, 0.33) – 0.95
Time 12 months 0.02 (–0.34, 0.39) – 0.91
Group � 6 months interaction –0.36 (–0.79, 0.08) – 0.11
Group � 12 months interaction –0.44 (–0.94, 0.06) – 0.08

Low disease activity or remission (GEE)
Age, linear – 0.96 (0.93, 0.99) 0.009
Male sex – 2.39 (1.00, 5.70) 0.05
Telemedicine group – 0.41 (0.17, 1.04) 0.06
Time 6 months – 0.82 (0.37, 1.82) 0.62
Time 12 months – 1.15 (0.54, 2.46) 0.73
Group � 6 months interaction – 1.59 (0.47, 5.37) 0.45
Group � 12 months interaction – 1.38 (0.42, 4.53) 0.6
Telemedicine survey score – 1.65 (1.05, 2.57) 0.03

* 95% CI = 95% confidence interval; GEE = generalized estimating equation; OR = odds ratio; RAPID3 = Rou-
tine Assessment of Patient Index Data 3.

Table 4. Quality measures from medical record abstraction at 1 year*

Quality measure Telemedicine† In-person only‡ P

No. of rheumatologist visits in the year after study enrollment, mean � SD 1.8 � 1.2 1.7 � 1.4 0.67
At least 1 visit to a rheumatologist in the study year 56 (89) 45 (76) 0.06
Proportion of visits in which disease activity is documented 28 (25) 41 (40) 0.02
Proportion of visits with moderate or high disease activity documented in which a change in
medications is prescribed, no./total no. (%)

19/23 (83) 17/23 (74) 0.47

Proportion of visits in which functional status assessment is documented 28 (25) 30 (29) 0.45
Patients prescribed a DMARD in past year 61 (97) 58 (98) 0.6

* Values are the number (%) unless indicated otherwise. DMARD = disease-modifying antirheumatic drug.
† N = 63 patients with 114 visits.
‡ N = 59 patients with 103 visits.
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except that a higher proportion of those completing follow-up
were female (89% versus 76%; P = 0.05). Six participants who
had never used telemedicine prior to study enrollment had
telemedicine visits during the study. These participants were
categorized in the telemedicine group.

Patient-reported outcomes, including RAPID3 scores and
functional status, are presented from baseline, 6-month, and
12-month surveys in Table 2. In the telemedicine group, there
was no change in RAPID3 score or the proportion of patients in
low disease activity over time in univariate analyses, but there
was a statistically significant improvement in functional status over
time. In the in-person group, there was no significant change in
any measures over time. Multivariate analyses of patient-reported
outcomes are presented in Table 3, including details about the
models and variables included. In the repeated linear measures
mixed model for RAPID3, telemedicine group, increasing age, a
lower number of visits during the year, and a lower telemedicine
survey score were significantly associated with a higher RAPID3
score. There was no significant association of RAPID3 with time
or group over time. The multivariate model of functional status
score over time had significant associations with telemedicine

group and age, but the decline in functional status score over time
that was evident for the telemedicine group in univariate analysis
was no longer significant in multivariate analysis. Being in low dis-
ease activity or remission was significantly associated with male
sex and telemedicine survey score and negatively associated with
age, but not associated with group or time.

Univariate analysis of differences in quality measures
between groups is presented in Table 4. There were 63 patients
with 114 visits in the telemedicine group, and 59 patients with
103 visits in the in-person group. Although the mean number of
visits was similar for each group, the in-person group was some-
what more likely to have had no visits during the study period
(P = 0.06). There was no difference between groups in the mea-
sures analyzed at the patient level (number of rheumatologist
visits and proportion prescribed a DMARD). For visit-level analy-
sis, a higher proportion of visits had disease activity documented
in the in-person group compared to the telemedicine group.
Table 4 does not include glucocorticoid management plan and
tuberculosis screening prior to first biologic because few patients
were eligible for these measures (<10 patients for each, with at
least 80% of those patients meeting the target for each measure).

Table 5. Multivariate analysis of factors associated with quality measures from medical record abstraction at 1 year*

Dependent variable (model type) and independent variables
Estimate,

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

No. of rheumatologist visits in past year (Poisson regression)
(n = 122 patients)

Age, linear –0.002 (–0.012, 0.009) – 0.73
Male sex 0.01 (–0.357, 0.379) – 0.95
Telemedicine group –0.02 (–0.293, 0.249) – 0.87
No. of visits in year prior to study 0.11 (0.016, 0.201) – 0.02

Documentation of disease activity at the visit (multivariate logistic
regression) (n = 217 visits)

Age, linear – 0.99 (0.97, 1.02) 0.66
Male sex – 0.52 (0.21, 1.30) 0.16
Telemedicine group – 0.54 (0.29, 1.02) 0.06
RAPID3 at baseline – 0.89 (0.83, 0.95) 0.0004
No. of visits in year prior to study – 0.76 (0.60, 0.97) 0.02

Change in medications is prescribed when disease activity is
moderate or high (multivariate logistic regression) (n = 46 visits)

Age, linear – 1.03 (0.96, 1.11) 0.38
Male sex – 1.92 (0.09, 42.5) 0.68
Telemedicine group – 2.44 (0.45, 13.2) 0.3
No. of visits in year prior to study – 0.42 (0.18, 0.98) 0.04

Functional status assessment documentation
(multivariate logistic regression) (n = 217 visits)

Age, linear – 1.00 (0.97, 1.03) 0.85
Male sex – 1.40 (0.60, 3.2) 0.44
Telemedicine group – 1.48 (0.75, 2.90) 0.26
High rheumatologist telemedicine rate – 0.04 (0.01, 0.20) <0.001
No. of visits in year prior to study – 1.30 (1.04, 1.62) 0.02

DMARD prescribed in past year (multivariate logistic regression)
(n = 122 patients)

Age, linear – 1.27 (1.03, 1.55) 0.02
Male sex – 0.06 (0.002, 1.72) 0.1
Telemedicine group – 1.04 (0.05, 21.3) 0.98

* 95% CI = 95% confidence interval; DMARD = disease-modifying antirheumatic drug; OR = odds ratio; RAPID3 = Routine Assessment of
Patient Index Data 3.
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Multivariate analyses of quality measures are presented in
Table 5. The number of visits in the past year was associated with
number of visits in the year prior to the study, but not with group
or other variables. Documentation of disease activity was less
likely for those with a higher RAPID3 score at baseline and with a
higher number of visits in the past year but was not associated
with group. A change in medications when disease activity was
moderate or high was negatively associated with the number of
visits in the year prior to the study but was not associated with
group or other variables. Having a functional status assessment
was associated with number of visits in the year prior to the study
and negatively associated with a high rheumatologist telemedi-
cine rate, but not with group. Having a DMARD prescribed in the
past year was associated with increased age, but not group or
other factors. As shown in Table 4, 97% of patients in the tele-
medicine group and 98% of patients in the in-person only group
were prescribed a DMARD in the past year.

DISCUSSION

In this observational study comparing telemedicine incorpo-
rated into usual follow-up care for patients with RA to in-person only
care, few differences were detected in patient-reported outcomes or
quality of care. In univariate analysis, functional status improved over
the study period in the telemedicine group. In multivariate analysis,
RAPID3 score and functional status were higher in the telemedicine
group, but this did not change over time. The only quality measure
that differed between groups was the proportion of visits in which
disease activity was documented, but this was not significant in
multivariate analysis. This study was limited in size and duration.

Few studies have evaluated the outcomes of telehealth in
rheumatology, and many recently published studies in RA focus
on modalities other than synchronous video telemedicine, such
as text messaging (19,20) or telephone-based interventions (21).
A study evaluating synchronous video telemedicine for inflamma-
tory arthritis in rural veterans, similar to our study, found no differ-
ence in RAPID3 score between the telemedicine and usual care
groups at baseline and no change in RAPID3 score in longitudinal
follow-up (10). There were significant savings in visit costs and
distance traveled, leading to the conclusion that factors important
to patients should be considered in structuring health care deliv-
ery (10). A survey-based study in pediatric rheumatology similarly
found that families reported fewer financial burdens when tele-
medicine was used (22). In Australia, a study of the patient per-
spective on a program providing synchronous telerheumatology
follow-up of stable patients found that patients reported a signifi-
cant reduction in travel (23). Although patients expressed some
reservations about the quality of telemedicine visits initially, they
viewed telerheumatology as equivalent to in-person care (23).

In this study, we found a higher RAPID3 score in the tele-
medicine group at baseline (15), and although functional status
improved over time in the telemedicine group, multivariate

analysis found higher RAPID3 and functional status scores in the
telemedicine group. Given that our study was observational, we
hypothesize that higher disease activity factored into the patient’s
decision to have a telemedicine visit, when the alternative was
likely to wait longer for an in-person visit. Although we attempted
to control for patient factors in multivariate analyses, not all differ-
ences were measured by our study instruments. Patient views on
telemedicine and more frequent use of telemedicine by the
rheumatologist were the main factors associated with its use.
We have ongoing qualitative studies to better inform our under-
standing of how patients and providers make decisions about
using telemedicine. Overall, we concluded that there was no sta-
tistically significant improvement in RAPID3 or functional status
scores over the study period in either group, and no difference in
the change over time by group.

Several measures of quality of care were abstracted from the
medical record. The in-person group was slightly more likely to
have no visits with a rheumatologist in the study period. This may
indicate more availability of telemedicine visits or that people seen
in-person only may not have needed as frequent follow-up visits.
Disease activity documentation was more likely in the in-person
group in univariate analysis. The logistics of documenting disease
activity differ in a telemedicine visit compared to an in-person visit,
which may make it less likely to be documented. With a presenter
not trained in rheumatology, only some aspects of a joint examina-
tion can be performed such as visual inspection and range of
motion, not a formal tender joint count and swollen joint count.
Therefore, disease activity cannot be measured using disease
activity scores commonly used in clinical practice such as the Clin-
ical Disease Activity Index and the Disease Activity Score in
28 joints. A RAPID3 score does not require a joint count and can
be performed by a presenter not trained in rheumatology. How-
ever, if it is not collected prior to the visit, it may be time consuming
for the rheumatologist to collect during the visit itself. Because the
process of documenting disease activity in a telemedicine visit is
more complex than in an in-person visit, it might be expected that
it would be less commonly performed. Other quality measures did
not differ between groups. It is likely that quality measures captured
by medical record abstraction do not adequately capture all
aspects of the quality of a visit, especially in the case of visits con-
ducted by telemedicine, and alternate measures designed for tele-
medicine visits should be considered. For example, because less
time is typically spent on physical examination in a telemedicine
visit, there is more time available for education about RA and med-
ications, including shared decision-making.

This study had some limitations. First, this was an observa-
tional study in a setting where telemedicine was already in use,
incorporated with in-person care, and we were unable to ran-
domize patients to telemedicine or in-person only care nor con-
trol how the option of telemedicine was presented to patients
by clinic staff. We found that RAPID3 scores were higher in
patients selecting telemedicine at baseline, but there are likely
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other unmeasured factors associated with the choice of tele-
medicine that could influence outcomes. We controlled for
covariates when possible but may not have accounted for all dif-
ferences between groups in our analysis. A randomized con-
trolled trial of telemedicine is no longer feasible in most practice
settings given the increase in use during the COVID-19 pan-
demic. Second, the study was small, with some attrition over
time with respect to patient-reported outcome data and more
variability than expected, restricting the conclusions that can be
drawn from this preliminary study due to power limitations.
Despite survey attrition, data on quality measures from medical
record abstraction were available for all patients. In addition,
the characteristics of patients lost to follow-up were similar to
those who remained in the study. Because the patient-reported
data were collected by telephone rather than in the clinic, there
is a lower risk of bias. Third, the study provides a comparison
of telemedicine incorporated into practice along with in-person
care, not telemedicine alone, because we were constrained by
the existing practice. However, this practice model is one we
believe to be most appropriate for rheumatology. Finally, the
duration of this study was short, and gains that may occur with
telemedicine likely require a longer duration of follow-up.

In conclusion, in this preliminary study, we found few differ-
ences in outcomes and quality of care for RA in the short term in
patients seen by telemedicine at least once compared to in-
person only, when telemedicine was incorporated into usual
care. These findings indicate that telemedicine can reasonably
be offered as a component of care for RA and may provide the
ability for patients to be seen more often. There are benefits of
telemedicine, such as reducing costs and improving communi-
cation, which may make it attractive even if outcomes are not
improved compared to in-person only care. Longer-term studies
are needed to evaluate telemedicine in RA. Although random-
ized controlled trials would be ideal, telemedicine has already
been incorporated into many rheumatology practices, with a
dramatic increase due to the COVID-19 pandemic, and such
studies are no longer feasible. Ongoing research by our group
will expand on this study using mixed methods to evaluate
patient and provider perceptions of telemedicine, as well as
assessing outcomes and costs of telemedicine. If the costs of
providing clinical care incorporating telemedicine are much
lower than for in-person only care or there are other benefits with
similar outcomes, then it becomes an increasingly viable option.
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Physical Activity and Sedentary Behavior in People With
Inflammatory Joint Disease: A Cross-Sectional Study

Kirsty Bell,1 Gordon Hendry,2 and Martijn Steultjens2

Objective. To determine whether patients with inflammatory joint disease (IJD) meet current guidelines on physical
activity, and to determine which factors influence physical activity levels and sedentary behavior (SB) in patients
with IJD.

Methods. This was a cross-sectional study of 137 patients with amedical diagnosis of an IJD prior to commencing an
NHS-run inflammatory arthritis exercise program. Physical activity and SB were measured objectively using a thigh-worn
physical activity monitor for 7 consecutive days. Activity levels were subdivided into low physical activity (LPA) and
moderate-to-vigorous physical activity (MVPA). First, activity levels were analyzed against current guidelines of
150minutes of MVPA per week. Second, time spent in SB, LPA, andMVPAwas analyzed against possible determinants.

Results. In total, 29% of patients with IJD met current physical activity guidelines. Patients on average spent
10 hours per day in SB. Poor physical fitness measured by the 6-minute walk test was the only significant predictor
(P = 0.019) of high SB (R2 = 4.7%). Attending an exercise facility in the community (P = 0.034) and low role limitations
due to physical health (P = 0.008) predicted high levels of LPA, following a backward multiple regression (R2 = 8.0%).
Low role limitations due to emotional problems (P = 0.031), higher physical fitness (P = 0.002), and healthier exercise
attitudes and beliefs (P = 0.021) predicted meeting current physical activity guidelines, following a backward condi-
tional logistic regression, explaining between 22.2% and 31.7% of variance.

Conclusion. Patients with IJD are inactive and spent much time in SB. Good general health predicts high activity
levels. No disease-specific factors were found to determine SB, LPA, or MVPA.

INTRODUCTION

Physical activity, defined as “any bodily movement produced
by skeletal muscles that results in energy expenditure” (1), has
been shown to be of great benefit to people with inflammatory
joint disease (IJD), such as rheumatoid arthritis (RA), inflammatory
arthritis, and spondyloarthritis (2). Physical activity can help
improve joint range of movement, muscle strength, aerobic
capacity, and overall function (3). Evidence also exists that regular
physical activity does not have any harmful effects such as an
increase in joint pain or radiologic joint damage or an increase in
disease activity (3,4). However, people with IJD are generally less
active compared to healthy controls (5,6). A significant proportion
of people with RA have been shown to be physically inactive,
characterized by a failure to participate in bouts of moderate-to-
vigorous physical activity (MVPA) of ≥10 minutes over 1 week
(7). People with RA have also been shown not to meet physical
activity guidelines for healthy physical activity levels, but instead

demonstrate reduced physical activity and increased sedentary
time relative to healthy controls (5,8). Lack of motivation to exer-
cise, lack of belief in its benefits, and beliefs about negative side
effects of exercise have been reported as important barriers to
exercise in people with RA (9,10).

People with IJD have an increased risk of developing cardio-
vascular disease (CVD) compared to the general population
(11–13). Cardiorespiratory fitness is low in people with RA and this
condition is likely to be associated with the increased incidence of
CVD-related deaths in RA (14). Cardiorespiratory fitness is impor-
tant, as emerging evidence suggests that more time spent in sed-
entary behavior (SB), defined as an energy expenditure of ≤1.5
metabolic equivalents while in a sitting or reclining posture (15),
is independently associated with greater risk of developing CVD,
cancer, and diabetes mellitus (16). Conversely, people with RA
who have higher cardiovascular fitness have a better CVD risk
profile and a lower 10-year CVD events risk compared to those
with lower cardiovascular fitness (14). There are also several
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additional health benefits of physical activity for people with IJD

beyond reducing health risks, such as reduced levels of fatigue,

reduced disease activity, reduced stiffness, and increased joint

health (5,17–19).
Current knowledge of the determinants of physical activity

levels in people with IJD is limited. Studies investigating the deter-
minants are largely confined to people with RA and do not extend
to those with other common and clinically important IJDs
(5,17,19). Methods of physical activity monitoring across these
studies also differ, limiting the scope for comparison (7,8,17,19).
The majority of studies have used subjective self-report methods
to measure physical activity levels, which have been suggested
to be subject to recall bias and to be less valid than objective
methods (20). Studies that have adopted objective measures of
physical activity in RA appear to lack internal validity due to moni-
tor removal during activities such as swimming, and external
validity due to variable definitions of low and high physical activity
levels that do not follow current guidelines (5,15,17,21–23). Sev-
eral putative factors that have been identified in other adult popu-
lations (24) that could influence physical activity levels and time
spent sedentary, such as social derivation and exercise self-
efficacy, have not been investigated in people with IJD.

The scarce evidence on determinants of physical activity and
SB poses a significant challenge to clinicians who seek to address
physical inactivity and SB in this patient group. A greater under-
standing of the determinants of physical activity levels and SB in
people with IJD may facilitate a move toward alternative and
enhanced approaches to physical activity interventions in the
future.

Therefore, the main objectives of this study were to deter-
mine whether patients with IJD meet the current guidelines on
physical activity, to determine which factors influence physical
activity levels in patients with IJD, and to determine which factors
influence SB in patients with IJD.

PATIENTS AND METHODS

Design. This was a cross-sectional study approved by
the NHS Health Research Authority, NRES Committee South

West–Exeter, UK (Ref: 14/SW/1183). All participants provided
written informed consent according to the Declaration of Helsinki.

Participants. Patients were recruited from referrals into the
NHS-run Inflammatory Arthritis Exercise Programme (IAEP)
across the Greater Glasgow & Clyde (GG&C) Health Board. The
NHS is a nation-wide universal health care system in Britain that
is free at point of provision. The GG&C Health Board is the largest
health board in Scotland, serving 1.2 million people with wide and
variable socioeconomic characteristics. The IAEP is a 12-week
exercise program run by rheumatology physiotherapists across
the GG&C Health Board. Any adult within the health board who
has a clinician-confirmed IJD and is under the care of the rheuma-
tology department can be referred into the program.

Inclusion and exclusion criteria. Patients were included
in the study if they met all of the following inclusion criteria:
physician-confirmed diagnosis of an IJD such as RA, psoriatic
arthritis, ankylosing spondylitis, or any other type of inflammatory
arthritis/polyarthritis, and age ≥18 years. Patients were excluded
from the study if they met any of the following criteria: they did
not provide informed consent to be part of the study, they were
unable to complete the study within the designated data collec-
tion period, or the presence of comorbidity severely limited the
patient’s ability to participate in an exercise program, such as
unstable angina, heart failure, uncontrolled heart arrhythmias,
uncontrolled hypertension, severe respiratory condition, uncon-
trolled epilepsy, or uncontrolled diabetes mellitus, or if the patient
had a recent medical instability, such as a stroke, wheelchair
use, or pregnancy.

Recruitment strategy. The study population of interest
comprised patients who were under the care of the rheumatology
department of the GG&C Health Board and who were referred
into the IAEP between March 2015 and July 2017. Referrals into
this program came from rheumatology consultants, rheumatol-
ogy nurse specialists, rheumatology allied health professionals,
and patient self-referrals. Every patient who was referred into this
program and met the inclusion/exclusion criteria for the study
was informed in writing and verbally of the research project by
their rheumatology physical therapist, who they saw prior to
attending the program. If the patient was interested in being part
of the study, they were then contacted by the researcher to dis-
cuss the study in more depth and to gain written informed con-
sent to become part of the study sample.

Data collection. Data were collected by the researcher
prior to the patient commencing the IAEP. Physical activity and
SB were objectively measured by wearing an ActivPAL (PAL
Technologies Ltd) physical activity monitor permanently for 7 con-
secutive days prior to commencing the IAEP. This device mea-
sures body motion, which is defined by an energy expenditure

SIGNIFICANCE & INNOVATIONS
• The majority of people with inflammatory joint dis-

ease do not meet current physical activity guide-
lines. People on average spend >10 hours of their
waking time in sedentary behavior.

• People who attend an exercise facility in the com-
munity are more physically active.

• No disease-specific factors could be found to deter-
mine sedentary behavior, low physical activity, or
moderate-to-vigorous physical activity in people
with inflammatory joint diseases.
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classification and a postural classification, enabling free-living
behavior to be more accurately quantified (25). The device
records acceleration counts used to determine energy expendi-
ture, which can be converted into physical activity levels (26). It
also records body position, which enables true SB to be recorded
as classified by the Sedentary Behaviour Research Network (15).
The ActivPAL was programmed to collect data for 7 consecutive
days, as this collection provides a reliable measure of adult activity
behaviors (27). The device was waterproofed as per the manufac-
turer’s guidelines and worn centrally on the anterior aspect of the
left or right thigh. The ActivPAL was fitted by the researcher on the
day of data collection and removed by the patient at the beginning
of day 8 and posted back to the researcher in a self-addressed
stamped envelope. The device was programmed to commence
data collection from midnight on the day that the device was fit-
ted. Participants were also asked to self-monitor their physical
activity via a hard copy activity diary while wearing the ActivPAL.
Physical activity was specifically to record rise time and bedtime
on each day of monitoring so that sleep time could be deducted
from the data, to enable analysis on just the waking-time data.
ActivPAL software was used for physical activity monitor pro-
gramming, data processing, and data analysis. Low physical
activity (LPA) was defined as <100 steps/minute and MVPA was
defined as ≥100 steps/minute (26). True SB as defined by the
Sedentary Behaviour Research Network (15) was calculated from
the ActivPAL data.

Health-related quality of life was measured using the Short
Form 36 (SF-36) and Health Assessment Questionnaire disability
index (HAQ DI) (28). Self-perceived levels of control were mea-
sured using the Arthritis Self-Efficacy Scale (ASES), attitudes and
beliefs toward physical activity were measured using the Exercise
Attitudes and Beliefs Questionnaire for patients with RA (RA-
EAQ), and mental health was measured using the Hospital Anxi-
ety and Depression Scale (HADS). All of these measures have
good psychometric properties that have been verified in popula-
tions with IJD (29–32). The Scottish Index of Multiple Deprivation
(SIMD) measures across 7 domains: current income, employ-
ment, health, education, skills and training, housing, geographic
access, and crime. These 7 domains are calculated and weighted
for small areas, called data zones, with roughly equal population
and can be obtained using the participant’s postcode (33).

The Disease Activity Score in 28 joints (DAS28) was recorded
as a marker of disease activity by the researcher who was trained
in undertaking the DAS28 (KB). Acute-phase reactants from
blood test results (within 3 months of each data collection ses-
sion) were obtained from the patient’s medical records to com-
plete the DAS28 score. Disease duration was measured from
the date of physician-confirmed diagnosis, which was obtained
from the participant’s medical records. Drug therapy was
obtained from the patient’s medical records and clarified with
the patient in case of any recent changes; the level of pain on
average over the past week was measured using a visual analog

scale (VAS), and the level of fatigue was measured in the same
way using the same 0–100-mm line as the pain VAS (18,19).

To evaluate whether there were any physical condition–
related and/or environmental factors that could determine physi-
cal activity levels and SB, the following measurements were
undertaken. Body mass index (BMI), calculated from the patient’s
height and weight on the day of data collection; the 6-minute walk
test (34), using the American Thoracic Society and current clinical
practice protocol (35,36), which measures fitness levels and is
well established in IJD research (37); grip strength, using a Jamar
grip dynamometer using the Southampton protocol for adult grip
strength measurement (38), which has also been well established
in IJD research (34,37); and a custom-made environmental ques-
tionnaire that was developed with assistance from the study advi-
sory board, which consisted of rheumatology clinicians, NHS
health improvement officers, patients, and academics. The ques-
tionnaire asked about cost, affordability, transportation to/from,
and the variety of activities on offer at the community exercise
facilities.

Statistical analysis. Descriptive statistics were used to
summarize the variables. All variables were then assessed for nor-
mality of distribution using the Kolmogorov–Smirnov test. A
Kruskal-Wallis test was carried out between the different diagnos-
tic groups that showed no difference in activity levels between the
groups; therefore, these were grouped together for analysis. Time
spent in SB, LPA, and MVPA were analyzed against the possible
determinants: HAQ DI, SF-36, age, disease duration, DAS28,
pain, fatigue, medication, ASES, RA-EAQ, HADS, SIMD, BMI,
general fitness, and grip strength using Pearson’s (rp) or Spear-
man’s (rs) correlation; and whether participants attended an exer-
cise facility in the community using a Mann–Whitney test.
Associations found to have a P value less than 0.2 were taken for-
ward to multiple linear regression modeling. Due to MVPA not
being normally distributed, MVPA was dichotomized into those
patients meeting and not meeting 150 minutes of MVPA per week
following the updated physical activity recommendations pub-
lished by the American College of Sports Medicine (ACSM) (23),
which have removed the requirement of activity taking place in
bouts of ≥10 minutes. The groups were then analyzed against
the possible determinants listed above using Mann–Whitney or
chi-square tests. Associations found to have a P value less than
0.2 (39) were taken forward to multiple logistic regression model-
ing. Data analysis was undertaken using SPSS software, version
25, and a statistical significance level was set at a P value less
than 0.05 for all multivariate tests.

RESULTS

A total of 137 participants provided sociodemographic infor-
mation (Table 1). A Kruskal-Wallis test revealed that diagnosis
was not associated with SB or physical activity levels (SB:
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P = 0.50; LPA: P = 0.36; MVPA: P = 0.89); therefore, all partici-
pants were grouped together for analysis. The total number of
patients providing MVPA and LPA data was 122, as some partic-
ipants were unable to wear the activity monitor due to being aller-
gic to the tape used to attach the device, and some monitors
were also not returned. The total number of patients providing
SB data was 115 due to the previous reasons, plus incomplete
sleep diaries, so that we could not extract true SB during waking
hours (Table 2).

Meeting current activity guidelines. In total, 2% of par-
ticipants (n = 3) met the older ACSM guidelines and European
Alliance of Associations for Rheumatology recommendations on
physical activity, which are 150 minutes of MVPA in bouts of
≥10 minutes in a week. A total of 29% of participants (n = 35)
met the recently updated ACSM guidelines on physical activity,
which are 150 minutes of MVPA per week with no requirement
of bouts of activity lasting at least 10 minutes. A strong associa-
tion was found between more time spent in LPA and less in SB
(rp = –0.651, P = 0.000), a moderate association with more time
spent in LPA and more time spent in MVPA (rs = 0.342,
P = 0.000), and a moderate association with more time spent in
MVPA and less time spent in SB (rs = –0.252, P = 0.007).

Determinants of SB. A backward multiple regression
was run to predict SB from associations found to have a P value
of <0.2 (Tables 3–5). The 6-minute walk test (P = 0.019) was the
only variable left in the model that statistically predicted SB
(F[1, 113] = 5.632, P = 0.019, R2 = 4.7%). The model indicates
(b = –1.787) that for every meter walked on the 6-minute walk
test, SB reduces by 1.8 minutes per week.

Determinants of LPA. A backward multiple regression
was run to predict LPA from associations found to have a
P value of <0.2 (Tables 3–5). Whether or not participants attended
an exercise facility in the community and the SF-36 domain of role
limitations due to physical health (SF-36 [PH]) were retained in the
final model (F[2, 119] = 5.724, P = 0.004, R2 = 8%). SF-36
(PH) was statistically significant (P = 0.008), as was attending an
exercise facility in the community (P = 0.034). The model indi-
cated that for every 25% increase in the SF-36 (PH) scale, LPA
increased by 5.9 minutes per week, and if the participant
attended an exercise facility in the community, LPA increased by
356.7 minutes per week (5.94 hours [5 hours and 57 minutes]).

Determinants of participants meeting 150 minutes
of MVPA per week. A backward conditional logistic regression
was performed to assess the impact of associations found to
have a P value of <0.2 on the likelihood of participants meeting
150 minutes of MVPA per week (Table 6). The final model was
statistically significant (X2[3, N = 122] = 30.571, P < 0.001),
which consisted of the SF-36 domain of role limitations due to
emotional problems, the 6-minute walk test, and the RA-EAQ.
The model as a whole explained between 22.2% (Cox and Snell
R2) and 31.7% (Nagelkerke R2) of the variance in meeting
150 minutes of MVPA per week and correctly classified 78.7%
of cases. Participants with lower role limitations due to emotional
problems (P = 0.031), better fitness (P = 0.002), and healthier
exercise attitudes and beliefs (P= 0.021) were more likely to meet
the 150 minutes of MVPA per week.

DISCUSSION

Despite evidence for the effectiveness, feasibility, and safety
of the physical activity guidelines in people with IJD (2), in the
results of this study, only 2% of participants met previous physical
activity guidelines (40), and 29%met the updated physical activity
guidelines based on the ACSM guidelines of 150 minutes of

Table 1. Participant sociodemographic characteristics*

Characteristic Value

Sex, no. (%)
Female 112 (82)
Male 25 (18)

Age, years 57.8 � 11.9
Presenting condition, no. (%)
Rheumatoid arthritis (RA) 73 (53.3)
Inflammatory arthritis excluding RA 37 (27)
Spondyloarthritis 27 (19.7)

Disease duration, years 8.5 � 11.9
Body mass index (BMI) 31.61 � 7.37
BMI category, no. (%)
Underweight 1 (1)
Healthy 24 (18)
Overweight 34 (25)
Obese 78 (57)

Scottish Index of Multiple Deprivation, no. (%)
1 35 (25.5)
2 28 (20.4)
3 17 (12.4)
4 28 (20.4)
5 29 (21.2)

* Values are the mean � SD unless indicated otherwise.

Table 2. Waking-time activity levels and sedentary behavior across 7 days monitoring*

No. Minimum Maximum Mean SD

SB, minutes (hours) 115 2,095.80 (34.930) 6,016.80 (100.280) 4,100.94 (68.349) 766.68 (12.778)
LPA, minutes (hours) 122 7.90 (<1) 4,122.47 (68.71) 1,902.65 (31.71) 812.34 (13.54)
MVPA, minutes (hours) 122 0.34 (<1) 586.76 (9.78) 120.06 (2) 111.11 (1.85)

* LPA = low physical activity; MVPA = moderate-to-vigorous physical activity; SB = sedentary behavior.
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MVPA per week (23). This finding means that only a minority of
people with IJD are undertaking the recommended amount of
physical activity per week to keep themselves healthy and to
decrease their risk of developing noncommunicable diseases
(41). The results suggest that on average 10 hours per day are
spent in SB during waking hours, and only 17 minutes per day in
MVPA. This finding does, however, correlate with the findings of
Hernandez-Hernandez et al and Paul et al (5,8) that patients with
RA spend more time in SB and less time in MVPA compared to
healthy controls. This finding also correlates with the findings of
Swinnen et al (6) that people with spondyloarthritis exhibit lower
physical activity levels compared to healthy controls. This lack of
activity is a major health concern, as increased time spent in SB
is independently associated with a greater risk of developing
CVD, cancer, and diabetes mellitus, and people with an IJD
already have an increased risk of developing CVD compared to
healthy controls (11,12)

A lack of time spent in LPA and MVPA found in this study
suggests possible reasons why cardiorespiratory fitness has
been found to be low in people with RA (14). RA patients appear
to spend long periods during waking hours in SB and only short
amounts of time undertaking physical activity. A strong correlation

in this study has been found between more time spent in LPA and
less time spent in SB. Also, a moderate correlation has been
found between more time spent in LPA and more time spent in
MVPA, therefore indicating an important and significant public
health message to try and break up SB by sitting less and moving
more. This action may result in an increase in physical activity
levels, improving cardiorespiratory fitness and reducing the health
risk of developing noncommunicable diseases (41). As previously
stated, people with IJD have a higher CVD risk compared to the
general population, and the exact reasons for this risk are debat-
able (11). People with an IJD who have a higher cardiovascular fit-
ness, however, have a better CVD risk profile and a lower 10-year
CVD events risk (14). SB is a modifiable CVD risk factor that clini-
cians should be aiming to address as a high priority in people
with IJD.

Limited determinants of SB in people with IJD have been
found in this study following bivariate analysis and when taken for-
ward to multivariate regression analysis. Independent determi-
nants of SB were found to be total drug burden, with the more
medications a person was prescribed, the more time spent in
SB; the more role limitations a person self-reported to have due
to physical health, the more time spent in SB; and the lower a

Table 4. Possible determinants of physical activity and sedentary behavior: bivariate analysis, with disease-specific factors*

Age, years Disease duration, years DAS28 VAS pain Fatigue Total drug burden

95% CI 55.63–59.75 6.76–10.05 3.58–4.08 4.78–5.69 6.09–6.94 6.27–7.29
Time in SB
P 0.49 0.25 0.83 0.28 0.80 0.01
rs/rp rs = 0.07 rs = 0.11 rp = –0.02 rs = 0.10 rs = 0.02 rs = 0.23

Time in LPA
P 0.61 0.69 0.99 0.14 0.12 0.08
rs/rp rs = 0.05 rs = –0.04 rp = –0.00 rs = –0.13 rs = –0.14 rs = –0.16

Meeting 150
minutes of
MVPA/week, P†

0.39 0.51 0.36 0.44 0.18 0.03

* 95% CI = 95% confidence interval; DAS28 = Disease Activity Score in 28 joints; LPA = low physical activity; MVPA = moderate-to-vigorous
physical activity; rp = Pearson’s correlation; rs = Spearman’s correlation; SB = sedentary behavior; VAS = visual analog scale (VAS for pain
and the level of fatigue were measured in the same way, using the 0–100-mm line).
† P value by Mann–Whitney test.

Table 3. Possible determinants of physical activity and sedentary behavior: bivariate analysis, health-related quality of life*

HAQ DI SF-36 (PF) SF-36 (PH) SF-36 (EP) SF-36 (EF) SF-36 (EWB) SF-36 (SF) SF-36 (P) SF-36 (GH)

95% CI 1.21–1.43 32.80–40.63 13.52–24.44 36.32–51.27 29.51–36.40 58.67–66.29 49.77–58.99 36.44–43.74 35.42–42.56
Time in SB
P 0.41 0.18 0.04 0.14 0.56 0.93 0.32 0.06 0.16
rs 0.08 –0.13 –0.19 –0.14 –0.06 –0.01 –0.09 –0.18 –0.13

Time in LPA
P 0.47 0.33 0.06 0.14 0.06 0.13 0.02 0.02 0.02
rs –0.07 0.09 0.17 0.14 0.17 0.14 0.21 0.21 0.21

Meeting 150
minutes of
MVPA/week, P†

0.05 0.01 0.01 0.00 0.07 0.09 0.01 0.01 0.02

* 95% CI = 95% confidence interval; EF = energy/fatigue; EP = role limitations due to emotional problems; EWB = emotional well-being;
GH = general health; HAQ DI= Health Assessment Questionnaire disability index; LPA= low physical activity; MVPA=moderate-to-vigorous
physical activity; P= pain; PF= physical functioning; PH= role limitations due to physical health; rs= Spearman’s correlation; SB= sedentary
behavior; SF = social functioning; SF-36 = Short Form 36.
† P value by Mann–Whitney test.
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person’s fitness, the more time spent in SB. When taken forward
to multivariate analysis, no health-related quality of life, disease
specific, psychological, personal, or physical conditioning factors
apart from the 6-minute walk test, which measures general fitness
and endurance, could be found to determine SB in this patient
sample. The 6-minute walk test only explained 4.7% of the vari-
ance, indicating that either everyone in the study had high
amounts of SB, which Table 2 does suggest, therefore resulting
in too little variation to be able to explain differences between
patients, or indicating that there are other possible determinants
of SB in people with IJD that have not been investigated in this
study.

More time spent in LPA was associated with attending an
exercise facility in the community and having less self-reported role
limitations due to physical health. However, these determinants
only explained 8% of the variance; therefore again indicating that
other possible determinants of LPA exist in people with IJD that
have not been investigated in this study. These study findings cor-
respond with the findings of Larkin and Kennedy (19) that an
increase in physical health rating increases physical activity levels
and of Rongen-van Dartel et al (17) that the level of activity is not
associated with pain, disability, coping, or cognition. However,
these findings do not agree with their findings that there is an asso-
ciation between increased physical activity and decreased fatigue.
These contrasting findings may, however, be explained by the het-
erogeneity of the study designs and the fatigue measurement tools

used. Nonetheless, this study does demonstrate that people with
an IJD who attend an exercise facility in the community are more
likely to gain the health benefits that activity can bring as their overall
activity levels are increased.

People with IJD who have lower role limitations due to emo-
tional problems, better fitness levels, and better exercise attitudes
and beliefs were more likely to meet the current ACSM physical
activity guidelines (23) of 150 minutes of MVPA per week. The
percentage of variance was low (31.7%); therefore other determi-
nants probably exist that were not investigated in this study.
These findings appear to inversely correspond with the findings
of Larkin and Kennedy (19) that an increase in physical activity
increases motivation to exercise, increases metal health, and
increases beliefs about the benefits of physical activity.

These findings indicate the probability that if people with IJD
meet the physical activity guidelines (23), they will have better fitness
levels, which will decrease their CVD risk profile and lower their
10-year CVD events risk (5,14). They may also improve their mental
health and well-being, as depression has been found to be more
common in patients with RA than in healthy individuals (32,42).

A limitation of this study may be the wearing of an activity
monitor. Although limited standardized information was given
about the device, participants may have been more active due
to wearing the device. If this possibility is the case, genuine activity
levels could be over-recorded and SB under-recorded. This limi-
tation could make the overall findings with regards to time spent

Table 6. Model for participants meeting 150 minutes of moderate-to-vigorous physical activity per week*

B SE Wald df Sig Exp(B) (95% CI)

SF-36 (EP) 0.011 0.005 4.679 1 0.031 1.011 (1.001–1.022)
MWT6 0.009 0.003 9.903 1 0.002 1.009 (1.003–1.015)
RA-EAQ 0.108 0.047 5.334 1 0.021 1.114 (1.017–1.221)

* 95% CI= 95% confidence interval; MWT6= 6-minute walk test to measure fitness; RA-EAQ= Exercise Attitudes and Beliefs Questionnaire for
patients with rheumatoid arthritis; SF-36 (EP) = Short Form 36 health survey role limitations due to emotional problems.

Table 5. Possible determinants of physical activity and sedentary behavior: bivariate analysis, with personal, physical condition, and environ-
mental factors*

ASES RA-EAQ HADS SIMD BMI MWT6
Grip

strength Enviro 1

95% CI 41.98–
47.42

32.55–
34.67

13.50–
16.35

2.65–
3.17

30.31–
32.81

298.51–
330.92

15.38–
18.53

0.16–
0.31

Time in SB
P 0.09 0.29 0.751 0.97 0.46 0.02 0.79 0.1†
rp/rs rp = –0.16 rs = –0.10 rs = 0.03 rs = 0.01 rs = 0.07 rp = –0.22 rs = 0.03 –

Time in LPA
P 0.01 0.04 0.12 0.36 0.16 0.26 0.35 0.05†
rp/rs rp = 0.23 rs = 0.18 rs = –0.14 rs = 0.08 rs = –0.13 rp = 0.10 rs = –0.09 –

Meeting 150 minutes
of MVPA/week, P

0.1† <0.01† 0.03† 0.76‡ 0.02† <0.01† 0.98† 0.05‡

* 95% CI = 95% confidence interval; ASES = Arthritis Self-Efficacy Scale; BMI = body mass index; Enviro 1 = attending an exercise facility in the
community (yes/no); HADS = Hospital Anxiety and Depression Scale; LPA = low physical activity; MVPA =moderate-to-vigorous physical activ-
ity; MWT6= 6-minute walk test to measure fitness; RA-EAQ= Exercise Attitudes and Beliefs Questionnaire for patients with rheumatoid arthri-
tis; rp = Pearson’s correlation; rs = Spearman’s correlation; SB = sedentary behavior; SIMD = Scottish Index of Multiple Deprivation.
† P value by Mann–Whitney test.
‡ P value by chi-square test.

BELL ET AL498



in SB, LPA, and MVPA even more alarming. Another limitation
could be that the study participants were recruited from referrals
made into an NHS-run IAEP, therefore already showing an inter-
est and willingness to becoming more active. The participants
may have also received a consultation from a health professional
on the benefits of exercise and been given advice and information
prior to being recruited into the study. If so, generalizability to the
wider IJD population may be reduced, as this study may not have
recruited the most inactive of participants. However, this possibil-
ity would essentially mean that the issues described in this article
are even more pronounced in that wider population.

In conclusion, the majority of people with IJD in this study did
not meet the current guidelines on physical activity. Those who
did appeared to have increased fitness, better mental health, and
better exercise attitudes and beliefs. However, many hours per
day were spent in SB. Few determinants of SB and physical activity
could be foundwhen factors such as health-related quality of life, or
disease-specific, psychological, personal, or physical conditioning
were investigated. There was a strong correlation with regard to
more time spent in LPA and less time spent in SB, with a moderate
correlation with more time spent in LPA and more time spent in
MVPA. This finding therefore may mean that if SB can be broken
up, then more LPA will be undertaken, which may result in more
MVPA. Further research looking into physical activity levels over
time is required to fully address this issue. Further research is also
needed into other possible determinants of physical activity and
SB that have not been investigated in this study.
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Reexamining remission definitions in rheumatoid
arthritis: considering the 28-joint Disease Activity
Score, C-reactive protein level, and patient
global assessment: comment on the article by
Felson et al

To the Editor:
We read with great interest the editorial by Felson et al on

definitions of remission in rheumatoid arthritis (RA), recently published

in Arthritis Care & Research (1). The article gives a comprehensive

and historical overview of the development of remission criteria
and provides a well-founded critique of remission criteria based

on the 28-joint Disease Activity Score (DAS28). The DAS28 has
been primarily developed and validated for evaluations at the

group level, i.e., for measuring effects in clinical trials. However,
in almost forgotten earlier times, when patient remission was

rarely achieved, there was a need for a single index, expressing
disease activity of the individual patient, and the only instrument

available was the 44-joint Disease Activity Score (2). When bio-
logics became available in many countries of Europe, the use of

the DAS28 as a single index of disease activity was also stimu-
lated by health authorities and insurance companies, requiring

DAS28 proof of active RA and documented previous treatment
failure (or contraindication) of conventional synthetic disease-

modifying antirheumatic drugs, before allowing reimbursement
of an expensive biologic drug. Since then, remission has proved

to be an achievable goal, and for clinical trials and for individual

patients, DAS28 cutoffs have been used for this purpose, espe-
cially in Europe, although their limitations for evaluations at the

individual patient level have indeed been recognized (3).
Moreover, we agree with Felson et al that patient global

assessment (PtGA) is a valuable assessment. However, we feel

compelled to clarify the misunderstanding that seems to persist
regarding our relatively simple proposal. We do not suggest

merely eliminating PtGA from the definitions of remission; we sug-

gest that a second target, based on valid and discriminative
patient-reported measures of disease impact, be adopted, in par-

allel but separated from the existing target for inflammatory dis-
ease activity, which, we believe, could be refined by the

exclusion of PtGA. Although Felson et al cite our article (4), they
do not depict our proposal for this dual-target strategy and its

conceptual framework, summarized in the conclusions of that
article. Following our proposal, the patient’s perspective would

become more valued, rather than being ignored.
We disagree with the interpretation of the evidence provided

by Felson et al to support the concept that PtGA should be kept

as a component of the American College of Rheumatology

(ACR)/European Alliance of Associations for Rheumatology

(EULAR) definitions of remission. Although PtGA and measures

of clinical disease activity are correlated at high levels of disease

activity, contributing to the ability of PtGA to distinguish active

treatment from placebo in the context of clinical trials, they are

only poorly, if at all, correlated at low levels of disease activity

(5,6), precisely when the practicing clinician needs to make diffi-

cult decisions regarding escalating or maintaining immunosup-

pressive/immunomodulatory therapy. Thus, while the inclusion

of PtGA may facilitate the distinction between treatments in clini-

cal trials, we are concerned regarding the implications of including

PtGA as an element of composite definitions of remission used to

tailor immunosuppressive/immunomodulatory therapy in clinical

practice and the potential risk of overtreatment that this practice

entails. As many as 45–61% of all patients with RA (in clinical trials

[4] and cohort studies [7]) who are otherwise in remission fail to

meet the Boolean definition of remission solely because of a too

high PtGA score. These patients, in so-called PtGA near-remis-

sion, are exposed to the risk of overtreatment, because their dis-

ease cannot be improved by additional immunosuppression/

immunomodulation. However, they still endure a significant

impact of nondisease activity manifestations and outcomes of

the disease (8), which were recently touched upon in the EULAR

points to consider for the management of difficult-to-treat RA (9).

The use of the ACR/EULAR remission definitions in clinical prac-

tice was explicitly predicted in the original 2011 report (10), and

the definitions have been extensively adopted as part of the

treat-to-target strategy. Thus, the implications of these definitions

are more extensive than those for clinical trials only.
The assertion that PtGA reflects subclinical inflammation is, in

our view, unsupported by evidence. We, and in fact, some of the

authors of the editorial themselves, have shown no correlation

between PtGA and joint damage accrual (11). We have also dem-

onstrated that in patients who are in PtGA near-remission there is

no evidence of inflammation in other joints or synovial structures,

through extensive ultrasonography assessment (12). It is difficult

to envisage what room is left for the consideration in the editorial

that “…the patient global assessment reflects components of dis-

ease activity that are otherwise not captured,…as inflammation in

joints not included in a 28-joint count, such as the feet and

ankles.” This is, therefore, not the reason “why high patient global
assessment scores, even when 28-joint counts are low, identify

patients at high risk of later functional loss” (1). This may be simply

and better explained by the fact that function is a major
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determinant of PtGA, irrespective of inflammatory disease activity,

as repeatedly reported (5,6,8,13). These publications are the

basis of our dual-target strategy proposal, which, we hypothe-

size, may result in more accurate and comprehensive definitions

of remission. We proposed the dual target to comprise 1) biologic

remission, which will be sharper and more sensitive to help guide

immunosuppressive/immunomodulatory therapy in individual

patients in clinical practice, and 2) patient remission, also addres-

sing all other important aspects of nondisease activity manifesta-

tions, of outcomes of the disease, and of medication adverse

effects (disease impact), and will thus be more informative than

the current 1-item PtGA. Surely, this approach highlights the

importance of patients’ perspective, as it ensures that clinicians

address both the disease activity and the disease impact aspects

accordingly.
In summary, we agree with many of the points made in the

editorial by Felson et al, but we feel that it distorts our proposal
by omitting to mention the patient remission aspect, which is what
makes it a dual target: a holistic strategy that empowers patients
and promotes health by allowing patients to gain greater control
over decisions and actions affecting their health, a World Health
Organization recommendation since the Ottawa conference
in 1986.
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action/downloadSupplement?doi=10.1002%2Facr.24843&file=acr24843-
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Reply

To the Editor:
We read with interest the letter by Ferreira and colleagues in

response to our editorial about the measurement of remission in
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RA. These authors agree with large parts of our editorial, particu-
larly the importance of including patient-reported outcomes in
the evaluation of RA disease activity. Their main argument is that
a patient-reported outcome such as the PtGA does not capture
active RA when the DAS28 suggests quiescent disease. For
example, in one article, the authors suggested that the main pre-
dictors of PtGA in patients with a small number of swollen and
tender joints in the DAS28 are pain and fatigue (1).

The DAS28 was adopted as an RA outcome measure based
on data suggesting that this reduced count (ignoring feet/ankles/
hips/neck) could adequately capture response to treatment. It
was never intended to comprehensively assess all active joints.
The pain experienced by patients with persistently elevated PtGA
scores who have low DAS28 levels may well be due to RA dis-
ease activity affecting joints not counted but that are often
affected by RA. In fact, one of Dr. Ferreira’s coauthors cham-
pioned the assessment of structural disease in the feet, showing
that including this site enhanced our ability to comprehensively
assess structural damage in RA. We believe that PtGA gives us
a window into overall disease activity, including disease in these
other joints. We further note that 1 active joint among the 28 joints
counted can cause patients considerable pain and can serve as
the basis for elevated PtGA scores. In psoriatic arthritis, investiga-
tors recently agreed to readopt a 66/68-joint count to evaluate
outcomes, including remission, for the reasons outlined above (2).

Ferreira and colleagues argue that they are concerned
about overtreatment that may lead to unnecessary exposure
to potentially harmful medicines. They assert that there is a
sizable group of patients in near-remission (3,4) because the
patients fail to reach the PtGA cut point of ≤1, and that addi-
tional treatment of these patients would constitute overtreat-
ment. However, we disagree with the concern about
overtreatment; no single study has to date shown that over-
treatment is a problem. In a recent publication using the 44-joint
DAS of <1.6 as the treat-to-target goal, 38% of RA patients not
on target were found not to have treatments increased
(i.e., were undertreated), while only 9% of those with treatment
increased were actually at the 44-joint DAS target of <1.6. So,
while the concern of our colleagues for patients is appreciated,
evidence suggests that the main problem is under- and not
overtreatment in patients in RA. With all the therapies available
to patients with RA, all efforts by the scientific community
should be taken to achieve remission for at least the majority of
our patients in the third decade of the 21st century.

Our colleagues argue in favor of using C-reactive protein
(CRP) level as a main outcome, since it reflects the inflammatory
response. However, as noted in our editorial, effective RA treat-
ments have variable effects on CRP level, with some, such as
anti–interleukin 6 agents and JAK inhibitors, causing a drop in

CRP level, whereas others do not affect CRP level. Considering
also the possibility that CRP level may reflect infection and not
inflammation, an exclusion of CRP level from composite instru-
ments would therefore follow an analogous logic as PtGA exclu-
sion. All this would be a dramatic step back in time, before
composite measures had been introduced to cover the activity
of a complex systemic disease such as RA.

Lastly, we are concerned that a dual target as proposed by
Ferreira et al will make it easier for sponsors of new treatments
to focus on the easier to achieve target for approval (as has
already occurred with DAS28 remission thresholds). If so, the
dual-target approach would lead to ignoring patient assessments
entirely. Although the authors argue that separating patient-
reported outcomes from objective markers will serve patient
interests, the reality will likely be the opposite, with the separation
leading to patient-reported outcomes being measured on the
side, as a secondary outcome. So in our view, the only guarantee
that patient-reported outcomes will not be “put aside” is if they
continue to remain an integral, and thus required, part of disease
activity instruments.
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