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Advancing Rheumatologic Care in Older Adults: Highlights
From the 2024 American Geriatrics Society

Annual Scientific Meeting
Jiha Lee," Sarah B. Lieber,? "’ Sebastian E. Sattui,
and Una E. Makris®

Rheumatologists are caring for a rapidly increasing older
adult population. Aging introduces certain complexities in
rheumatology care, including the following: accumulation of
comorbid conditions influences treatment choices and
response, polypharmacy increases the risk and burden of
treatments, and late-onset rheumatic diseases can have atyp-
ical presentations.’ Patient preferences and goals of care,
which often change over an individual’s lifespan, impact thera-
peutic decision-making.

The American Geriatrics Society (AGS) stands at the
forefront of addressing best practices for the care of older adults
and can serve as an important partner to the American College
of Rheumatology (ACR) and the rheumatology community at
large. The AGS, founded in 1942, is a nationwide, not-for-profit
society of geriatrics health care professionals dedicated to
improving the health, independence, and quality of life of older
people. In response to the growing population of older adults,
the AGS has set out to provide support in education, training, dis-
semination, and implementation of geriatric care principles in
medical and surgical specialties.® Several medical and surgical
societies, including those representing emergency medicine,”
oncology,®® and cardiology’~'° have embraced the integration
of geriatric principles’" and successfully developed national clini-
cal and research networks to advance the care of older adults.*
Given that the aging population will require rheumatology care,
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the need for comprehensive training in aging principles for
rheumatologists has never been more urgent.

In this article, we provide an update from the 2024 AGS
Annual Scientific Meeting (AGS 2024) that emphasizes key geriat-
ric principles and concepts pertinent to rheumatologists. The
coauthors believe that these sessions highlight opportunities to
enhance clinical care for older adults with rheumatic diseases.
Overall, the aim of this article is to raise awareness and dissemi-
nate knowledge gained from AGS 2024 to encourage dialogue
on integrating comprehensive age-friendly rheumatologic care.

Approach

For this article, we selected material of highest relevance to
the rheumatology community, including content related to clinical
care, education, and research and anchored it on the Geriatrics
5Ms framework (Figure 1).'2 The Geriatric 5Ms, developed and
endorsed by the AGS, Institute for Healthcare Improvement,
and the John A. Hartford Foundation, supports the goal of deliver-
ing age-friendly health care by emphasizing mind, mobility, medi-
cations, what matters most, and multicomplexity.''® We also
highlight potential barriers to adopting aging-friendly practices in
rheumatology. This summary concludes with a case study on
how another specialty has integrated many of these principles into
practice.
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SIGNIFICANCE & INNOVATIONS

* Incorporating geriatric principles, along with pursu-
ing collaborative approaches with geriatricians and
allied health professionals, can improve the care of
older adults with rheumatic diseases.

+ Assessing falls and social isolation, in addition to
traditional rheumatologic approaches focused on
joint mobility and function, can enhance shared
decision-making.

« Applying the 5Ts framework (target population,
team, time, tips to accommodate, tools) in research
can enhance the inclusion of older adults in rheu-
matology research, which is essential for develop-
ing evidence-based age-friendly care.

+ Adopting innovative, patient-centered care models
that include comprehensive geriatric assessments
focused on what matters most to the patient will
help transform rheumatology into a more age-
friendly specialty, in alignment with recent health
care policy developments and priorities.

Clinical highlights: practical strategies
incorporating a biopsychosocial approach to
assessing and managing what matters most
to older adults

Fall assessment and prevention. In older adults, falls
are associated with an increased risk of fracture, disability, and

Workforce
shortage

Mentorship
Career Development
Institutional Support

Moy,

Fragmented care
Ageism
Time

Reimbursement

Figure 1.

Age-friendly
patient-centered
care

mortality.’ Individuals with rheumatic diseases may have an even
higher fall risk because of joint pain and deformities, decondition-
ing, and medications.’® Given the impact on both patient out-
comes and health care costs, geriatricians consider falls a
chronic health condition requiring focused management similar
to any other chronic disease state.'® Falls and instability are
underreported by patients both because of under recognition,
especially near misses in which injuries do not occur, as well as
stigma (ie, concern that reporting falls may lead to clinical inter-
ventions that limit independence).’”

In a session led by Elizabeth Eckstrom, MD, MPH, and enti-
tled “Safe Mobility: The Role of Falls Assessment and Prevention
in Clinical Practice,” presenters suggested that fall assessment
and prevention should be communicated to patients as “safe
mobility,” with an emphasis on reaching mobility goals and pre-
serving independence.'® The speakers in this session discussed
the implementation of fall prevention programs in primary care
settings and telemedicine visits using the CDC’s Stopping Elderly
Accidents, Deaths & Injuries (STEADI) Centers for Medicare and
Medicaid Services (CMS) framework: screening (patients at risk),
assessing (modifiable risk factors), and intervention (to reduce
identified risk factors).’® This framework can be implemented
readily in clinical practice with three brief questions: (1) Do you feel
unsteady when standing or walking?; (2) Do you have any worries
about falling?; and (3) Have you fallen in the past year? A “yes” to
any of those questions highlights the need for fall assessment and
introduction of intervention strategies. We believe this simple

Inclusion of older adults
Accomodation
Supplemental Funding

Functional Assessment
Social Isolation

Summary of American Geriatrics Society 2024 clinical, education, and research highlights that align with the Geriatric 5Ms (mind,

mobility, medications, what matters most, and multicomplexity) and promote age-friendly patient-centered care. Also listed are potential barriers

(clouds) to implementing these programs into the field of rheumatology.
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approach to fall screening would add value to the care of older
adults with rheumatic diseases, promoting improved patient
reporting of fall behaviors and allowing for important clinical inter-
ventions or referrals focused on maintaining and improving
mobility.

Life-space mobility. Mobility in all individuals, but espe-
cially older adults, has implications beyond physical activity itself,
including an impact on social participation. The ability to engage
in social activities and events is often reported as a key part of
older adults® health goals.?° Life-space mobility (ie, an individual's
multidimensional engagement with their environment over time)?
is not captured by standard measures of activities of daily living.
At AGS 2024, C. Barrett Bowling, MD, MSPH,?? discussed ongo-
ing research on measurement of life-space mobility captured
through the Life-Space Assessment. The Life-Space Assessment
measures community mobility and social participation, yielding a
summative quantitative measure of how far an individual tends to
go, how often they go there, and how much help they need
to get there.?® In community-dwelling older adults, life-space
mobility is independently associated with mortality?’ and has
been shown to decline in people with chronic conditions
(eg, chronic kidney disease) or in the setting of acute events.?*
Life-space mobility is an innovative measure that could prove to
be relevant in older adults living with rheumatic diseases, allowing
for improved assessment of functional mobility and incorporating
a measure of “what matters most” to our patients.

Social isolation. Social isolation and loneliness are com-
mon among older adults and are associated with numerous
adverse health outcomes, including incident cardiovascular dis-
ease, stroke, and mortality.>> Recognizing the significant impact
of social isolation and loneliness, further intensified by the
COVID-19 pandemic, the US Surgeon General issued an advisory
on the epidemic of loneliness and social isolation in 2023.2°
Although social isolation and loneliness have received limited
attention to date in rheumatology, they may be amplified in indi-
viduals with rheumatic diseases, because of functional limitations,
fatigue, and chronic pain,?” and are expected to have a clinical
impact, especially on physical functioning and medication
adherence.?®

A practical approach to loneliness and social isolation was
presented at AGS 2024 by Ashwin Kotwal, MD, MS,?® beginning
with (1) identifying loneliness and social isolation through the use
of existing tools (eg, University of California Los Angeles 3-Item
Loneliness Scale®® and Berkman-Syme Social Network Index®")
and conversation; (2) discussing contributions to loneliness and
providing support for emotional processing; (3) formulating indi-
vidualized solutions through shared decision-making, including
clinical (eg, addressing pain) and social (eg, social support) inter-
ventions; and (4) directing attention to related medical needs
(eg, advanced care planning and psychosocial support).

Although these efforts should be situated within a multidisciplinary
team and engage loved ones and caregivers, awareness of this
approach is needed among rheumatologists and allied rheuma-
tology professionals, who often play a prominent role in the care
of adults with rheumatic conditions at risk for social isolation.

Educational highlights: fostering the next
generation of clinician scientists

Rheumatology fellowship programs are crucial for expanding
the workforce and cultivating clinician scientists to address the
needs of the aging population. However, barriers such as lack of
dedicated time, funding, and training in analytic skills hinder
research among trainees.®® This issue affects various medical
specialties, including geriatrics.®* As part of a session focused
on how junior investigators can engage with education, health
systems, and community partners to successfully conduct stud-
ies with older adults, Ashna Rajan, MD, discussed the GEri-pall
Research and Mentorship program at Brown University, designed
to equip fellows with mentorship and resources to pursue schol-
arly work within the timeframe of their fellowship.®° In its first three
years, 95% of fellows had abstracts selected for poster presenta-
tion at a national conference, and 30% of these abstracts resulted
in manuscripts. Notably, the opportunity to develop mentorship
skills and build collaborative networks benefited both the fellows
and the faculty involved.

Mentorship programs similarly could help the rheumatology
community overcome barriers to academic careers.*® The Brown
GEri-pall Research and Mentoring program begins in the first
month of fellowship, providing dedicated time for identifying a
hypothesis-driven original research interest. Fellows also are
paired with faculty mentors early in the program for regular meet-
ings to set and meet milestones. Additionally, the program pro-
vides tangible resources such as a Data Sandbox, a dedicated
analyst, and a Continuing Medical Education allowance. The Data
Sandbox is innovative because a program-specific institutional
review board enables fellows to access data from the beginning
of their fellowship, eliminating what is often a rate-limiting step in
research.

In rheumatology, national mentorship matching programs
like Creating Adult Rheumatology Mentorship in Academia
(CARMA) and ACR/Childhood Arthritis and Rheumatology
Research Alliance (CARRA) Mentoring Interest Group (AMIGO)
developed by the ACR and CARRA support both trainees and
junior faculty. However, access to data and analytic support is a
significant barrier to research success during training.®**® The
vast majority of existing rheumatology-focused datasets that have
been leveraged in trainee-led research suffer from limited accessi-
bility. The ACR’s Rheumatology Information System for Effective-
ness (RISE),3” for example, does not provide for “hands-on
training” in data management or analysis, as all data manipulation
and analyses using RISE data are conducted centrally at analytic
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centers with aggregate output shared with researchers. Although
collectively demonstrating substantial value in prior mentored
rheumatology research, other national datasets such as those
from the Veterans® Affairs Rheumatoid Arthritis Registry (VARA)
registry, FORWARD — The National Databank for Rheumatic Dis-
eases, or CorEvitas (among others) are also limited in terms of
access and/or analytic support available to trainees and mentors
alike.®® We encourage the rheumatology community to be crea-
tive and proactive (seeking institutional support or creating new
opportunites at ACR, Rheumatology Research Foundation
(RRF), and other rheumatology-focused funding organizations)
to enhance training and research by expanding grant funding with
access to and analytic support for rheumatology-focused data-
sets for trainees and/or early career investigators. Emulating the
Brown GEri-pall program by making research resources more
accessible will support the next generation of clinician scientists
to inform the care of the aging population with rheumatic
diseases.

Research highlights: building toward an age-
inclusive evidence-based care model

Despite being the most frequent consumers of medications,
devices, and health care services, older adults are underrepre-
sented in clinical trials.®® In rheumatology, one-third of clinical
trials focused on rheumatoid arthritis and osteoarthritis inclu-
ded an upper age limit for enrollment without providing clear

Research

Inclusive
Across the |
Age Span /

justification.®® Consequently, clinical practice guidelines are
developed based on studies involving mostly middle-aged adults,
which is not representative of the rheumatology patient population
as a whole. To address this inclusivity gap, the NIH enacted the
Inclusions Across the Lifespan Policy,*" which requires investiga-
tors to include individuals of all ages, unless there is a scientific or
ethical reason not to include a specific age group.

At AGS 2024, challenges related to and innovative
approaches for “geriatricizing” research to build age-inclusive
evidence-based clinical care were discussed by C. Barrett
Bowling, MD, MSPH.?2 The 5T framework (Target population,
Team, Time, Tools, Tips for accommodation)*? was highlighted
as a framework to adapt research efforts to promote the inclusion
of older adults in studies.*® The 5Ts, outlined in Figure 2, were
designed to enhance research inclusivity of people across the life-
span in general and likely would enhance rheumatology-based
research specifically.

The 5Ts framework can be tailored to support recruitment,
enrollment, and retention of older adults in clinical trials and the
inclusion of outcome measures that “matter most” to older
patients. We believe that adoption of age-friendly frameworks by
rheumatology funders, similar to that promoted by the National
Institute on Aging (NIA), will enhance inclusion of older adults
and improve the relevance and quality of rheumatic disease
research. We suggest that including a plan for recruiting and
accommodating adults across the age span should be required
in all proposals submitted to rheumatology funders (similar to

 Intentionally recruit older
aduts

« Justify upper age limit

« Carefully consider
comorbidity exclusions

Figure 2. Rationale and points to consider when implementing the 5Ts (target population, team, time, tips to accommodate, tools in rheumatol-
ogy research) in rheumatology research to ensure representation of older adults. Adapted from Bowling CB, et al. J Am Geriatr Soc 2019;67:342—
346. PRO, patient-reported outcome. [Correction added on 25 February 2025, after first online publication: Figure 2 has been corrected.] Color
figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25483/abstract.


http://onlinelibrary.wiley.com/doi/10.1002/acr.25483/abstract

EDITORIAL

561

sex as a biologic variable) and considered when scoring.** As it
will take time to adopt new grant funding policies, we feel that in
the interim funders should consider research supplements for
ongoing studies to expand recruitment to include older adults.
These efforts are likely to result in improved care delivery to the
aging rheumatology patient population.

A case study on implementing geriatric principles
to surgical practice: The Geriatric Surgery
Verification Program

The American College of Surgeons, AGS, and the John
A. Hartford Foundation joined efforts and created the Geriatric
Surgery Verification (GSV) program to improve surgical care for
older adults by developing a structured program that addresses
the goals and needs of older adults. This program targets frail
adults 75 years of age or older who are considering in-hospital
surgery and aims to optimize their surgical care through prehabili-
tative interventions based on comprehensive geriatric assess-
ments. The GSV program was developed based on the geriatric
4/5M principles and focuses on improving outcomes in the follow-
ing four main domains: (1) goals of care and decision-making,
(2) cognition screening and delirium, (3) maintenance of function
and mobility, and (4) nutrition and hydration optimization. To max-
imize impact, detailed protocols on patient care, governance,
resource allocation, and data surveillance were developed based
on expert consensus. These standards enable real-time quality
monitoring and improvement in implementation, promote
research advancements, and facilitate scaling across surgical
specialties and hospital environments.

The success of the GSV program demonstrates the value
and potential of multidisciplinary collaboration to develop and dis-
seminate innovative models to improve the care of older adults.
Importantly, several health care systems and specialties, such as
the Veterans Health Administration, emergency medicine, and
cardiology, also have developed age-friendly or age-focused care
models.”® They are primed to meet a new quality measure that
CMS will introduce in 2025, based on age-friendly principles, to
ensure that hospitals align care with older adults’ goals and pref-
erences.*® How this can be adapted to ambulatory care for older
patients with rheumatic conditions has yet to be explored. Fur-
ther, the rheumatology field is recognizing a shift in quality mea-
surement from assessment of solely disease-specific metrics
(eg, focused on rheumatoid arthritis or systemic lupus erythema-
tosus) toward development of cross-cutting, universal quality
metrics that reflect what matters most to patients across disease
states—also consistent with age-friendly care.*”+4®

Conclusions

Individuals with rheumatic conditions accumulate age-
related comorbidities and become frail at a younger age than the

general population,*® heightening the need for age-friendly
care.®® Moreover, older adults with rheumatic diseases have
higher health care resource utilization and a greater burden of
functional impairment and disability.>' Hence, it is timely and
imperative that we as rheumatologists consider how to adopt
geriatric principles and leverage multidisciplinary expertise to
develop comprehensive standards of care and move toward
value-based care for older adults with rheumatic diseases.

A recent survey conducted by the Hartford Foundation
revealed that about 8 in 10 older adults (not all with rheumatic dis-
eases) “feel the health care system is not prepared for the grow-
ing and changing needs of our country’s aging population.”®?
Older adults strongly desired a person-centered holistic approach
to care with more frequent discussion of “what matters most to
you” that would enable them to stay independent and age in
place. Those who received age-friendly care reported better
health care relationships and outcomes. Further work is needed
in clinical and research settings to implement this care model in
rheumatology.

In the last decade, an interest group of rheumatologists
dedicated to improving the care of older adults has grown
steadily. The group aims to bridge the fields of rheumatology
and geriatrics and has collaborated in multiple forums to
disseminate geriatric principles to the rheumatology community.
To date, the ACR has hosted aging-related sessions on mobility,
physical function,®*** inflammaging, frailty, multtimorbidity, body
composition,®® cognitive impairment, and palliative care®®®” at
ACR Convergence national meetings. Recently, “the inter-
section between aging and rheumatic disease and the complexi-
ties of caring for older adults” was recognized as a topic of
interest by the Annual Meeting Planning Committee®® for ACR
2025 Convergence. The ACR also sponsored an initiative to
include measures relevant to aging populations in a special issue
of Arthritis Care & Research devoted to patient outcomes in rheu-
matology.®® The ACR’s initiatives and recognition of the impor-
tance of improving the care for the aging rheumatology patient
population highlights the potential for further collaborative initia-
tives between the ACR and aging experts. For those interested
in pursuing aging research, the AGS and NIH/NIA have educa-
tional and funding opportunities that focus on developing investi-
gators at the intersection of specialty care and geriatrics. The
community of investigators, leaders, and mentors in aging has
welcomed and supported specialists from both the medical and
surgical fields.®

Caring for older adults with rheumatic disease is deeply
rewarding because the approach is guided increasingly by the
patient’s goals, preferences, and needs.® Adopting the patient-
centered and collaborative approaches presented at AGS will
not only enrich our scientific knowledge, but also foster a holistic
understanding of the aging process, ultimately improving patient
outcomes and advancing the fields of both rheumatology and
geriatrics. As the population with rheumatic diseases ages,
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delivery of evidence-based, safe, effective, and patient-centered
care should be the standard of care, and ideally delivered in colla-
boration with geriatricians and other health professionals. Com-
prehensive training in aging principles for rhneumatologists is now
more relevant and timelier than ever to enhance the care of older
adults with rheumatic diseases.
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CASE PRESENTATION

History of the present illness

A 26-year-old man, a resident of Northern India, presented
with complaints of insidious onset, gradually progressive weak-
ness associated with stiffness of his right upper and lower limbs
for the past 2 months. He was evaluated on outpatient basis
where a magnetic resonance imaging (MRI) of the brain was done
(8 weeks before admission in our hospital) which was reported as
having subacute infarcts (Figure 1). In the meantime, while he was
being evaluated, he developed new-onset cognitive dysfunction
in the form of decreased verbal output and loss of episodic mem-
ory since the last one week. There were no sensory symptoms or
any history suggestive of cranial nerve, cerebellar, bowel, bladder,
or meningeal involvement. In view of worsening neurologic defi-
cits, he was admitted for further evaluation.

Past medical history

The patient had a significant background medical history. He
was diagnosed with systemic lupus erythematosus (SLE) with
class IV lupus nephritis one year back for which he had been
treated with pulse followed by tapering oral glucocorticoids and
cyclophosphamide induction therapy (Eurolupus protocol) fol-
lowed by maintenance azathioprine (150 mg/day; ie, 2.5 mg/kg/
day). He had a disease flare in the form of oral ulcers, leucopenia,
and worsening renal function despite being compliant to therapy,
for which steroid dose was increased (to 0.6 mg/kg/day) and aza-
thioprine was switched to mycophenolate mofetil (MMF). One
month after starting MMF (three months before current
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admission), he was admitted for evaluation of pyrexia of unknown
origin, the evaluation of which revealed features of disseminated
tuberculosis (TB) involving the lungs (microbiologically confirmed
through bronchoalveolar lavage Xpert Mycobacterium tuberculosis/
rifampicin positivity), lymph nodes, liver, and spleen (as evidenced
by the presence of necrotic mediastinal, hilar, and mesenteric
lymph nodes and hypoenhancing lesions in the spleen and liver
in the contrast-enhanced computerized tomography scan of the
chest and abdomen), for which antituberculous therapy (ATT;
isoniazid, rifampicin, pyrazinamide, ethambutol) was initiated,
MMF was withheld, and steroid dose was decreased. He devel-
oped drug-induced liver injury as a result of ATT, requiring modifi-
cation of ATT. Gradually, his fever resolved over the next month.
His medications at the time of admission included oral predniso-
lone 15 mg/day, hydroxychloroguine 300 mg/day, ramipril
2.5 mg/day, isoniazid 300 mg/day, rifampicin 600 mg/day, levo-
floxacin 750 mg/day, and ethambutol 800 mg/day, along with
pyridoxine and calcium supplements.

Social and family history

There was no history of autoimmune or neuropsychiatric dis-
ease in his family. He was a vegetarian by diet; did not smoke or
consume alcohol; had normal sleep, bowel, and bladder habits;
and belonged to lower-middle socioeconomic status.

Physical examination

On examination, the patient was conscious but not oriented
to time, place, or person. He was afebrile and hemodynamically
stable. Pallor, icterus, pedal edema, or lymphadenopathy was
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Figure 1. Magnetic resonance image of the brain (three weeks before admission). (A) Axial and (B) sagittal fluid-attenuated inversion recovery
(FLAIR) images showing hyperintense focal and confluent lesions involving bilateral parietal, left temporal deep/subcortical white matter without
mass effect. These lesions were hypointense on T1 (not shown here); white arrow in (A) shows involvement of subcortical U fibers, and white arrow
in (B) shows “milky way sign” (multiple punctate FLAIR hyperintense lesions surrounding the main lesion), which are typical for patients with pro-
gressive multifocal leukoencephalopathy. (C) Diffusion-weighted image shows peripheral rim of diffusion restriction (white arrow; “rim and core
pattern”). (D) No contrast enhancement of lesions is seen after gadolinium administration. The susceptibility-weighted image did not show bloom-

ing, and magnetic resonance angiogram was normal (not shown here).

not present. He had no rash, oral ulcers, joint swelling, or tender-
ness to suggest lupus disease activity. Although his Glasgow
Coma Scale score was 15 of 15, his Mini-Mental State Examina-
tion (MMSE) and Montreal Cognitive Assessment (MoCA) scores
were markedly reduced (13 of 30 and 3 of 30, respectively).
On motor examination, he had weakness, spasticity, and hyper-
reflexia of the right upper and lower limbs, with right ankle clonus
and an extensor plantar response. He had a classical pyramidal
pattern of weakness, involving the distal group of muscles [Medi-
cal Research Council (MRC) grade 2/5] more than the proximal
group of muscles (MRC grade 3/5) and affecting extensors more

than the flexors in the right upper limb and flexors more than the
extensors in the right lower limb. Motor examination of the left
upper and lower limbs was normal. Sensory examination, cranial
nerves, and cerebellar examination were unremarkable, with
absence of meningeal signs. Examination of the abdomen, respi-
ratory, and cardiovascular systems was normal.

Laboratory evaluation

Basic laboratory investigations are summarized in Table 1.
Hemogram revealed mild anemia of chronic disease (hemoglobin
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Table 1. Laboratory investigations*

Parameter Value Normal value
Hemoglobin, g/dL 104 12-16
Hematocrit, % 34.8 36-46
Total leukocyte count, n/ulL 4,285 4,000-11,000
Differential leukocyte count, N/L, % 58/21 55-70/20-40
Absolute lymphocyte count, n/pL 899 1,000-3,000
Peripheral smear Mild anisocytosis, predominantly -

normochromic normocytic cells
Iron, pg/dL 87 59-158
Ferritin, ng/mL 520 30-400
TIBC, pg/dL 211 250-450
Lactate dehydrogenase, U/L 162 120-246
Corrected reticulocyte count, % 1.1 0.5-2
Direct Coombs test 3+ -
Urea, mg/dL/ 14 17-43
Creatinine, mg/dL 0.5 0.7-1.2
Sodium, mmol/L 140 137-145
Potassium, mmol/L 35 3.5-5.1
Total bilirubin, mg/dL 1.1 0.1-1.2
AST, U/L 39 0-35
ALT, U/L 45 0-35
Total protein, g/dL 56 6.3-8.2
Albumin, g/dL 2.7 3.5-5
HIV I, Il (ELISA) Negative =
Hepatitis B surface antigen Negative -
Anti-HCV antibody Negative -
CD4" T cell count, n/plL 421 530-1,300
CD8" T cell count, n/plL 418 350-920
B cell count, n/pL 47 110-570
NK cell count, n/uL 79 20-480
CSF-TC, n/pL 0 0-5
Protein, mg/dL 63 15-60
Glucose, mg/dL 41 50-80
GeneXpert Negative -
Bacterial culture Sterile -
KOH, fungal culture Negative, no growth -
India ink Negative -
Cryptococcal antigen Negative -
EBV PCR Negative -
CMV PCR Negative -
VZV PCR Negative -
VDRL Negative -
JCV PCR (ultrasensitive) Negative (twice) -
CRP, mg/L 288 3-10
ESR, mm/h 50 <20
C3, mg/dL 111 90-180
C4, mg/dL 29 10-40
24-hour urine protein, mg/d 549 <150
Urine for active sediments No dysmorphic red -
blood cells/casts
Anti-dsDNA, IU/mL 70 0-100
aCL-IgM, aCL-IgG Negative -
Lupus anticoagulant Negative =
Anti-B2 glycoprotein 1 antibody Negative -
Serum anti-MOG antibody Negative -
Serum anti-AQP4 antibody Negative -

DVT scan (bilateral lower limbs)
2D ECHO

No evidence of DVT

Normal study, left ventricular ejection fraction 55%

* 2D, two-dimensional; aCL, anti-cardiolipin; ALT, alanine aminotransferase; AQP, aquaporin; AST, aspartate amino-
transferase; CMV, cytomegalovirus; CRP, C-reactive protein; CSF, cerebrospinal fluid; dsDNA, double-stranded DNA;
DVT, deep vein thrombosis; EBV, Epstein-Barr virus; ECHO, echocardiography; ELISA, enzyme-linked immunosor-
bent assay; ESR, erythrocyte sedimentation rate; HCV, hepatitis C virus; JCV, John Cunningham virus; KOH, potas-
sium hydroxide mount; MOG, myelin oligodendrocyte glycoprotein; NK, natural killer; PCR, polymerase chain
reaction; N/L, neutrophil/lymphocyte; TC, total count; TIBC, total iron binding capacity; VDRL, Venereal Disease

Research Laboratory; VZV, varicella zoster virus.
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Lipid-lactate

Figure 2. Magnetic resonance image of the brain (at admission): (A) axial fluid-attenuated inversion recovery and (B) axial T2 sequences show
hyperintense lesions with increase in lesion size and perilesional edema (indicating active inflammation) with disproportionally less mass effect.
(C) Irregular peripheral contrast enhancement after gadolinium administration is seen (not present in Figure 1—suggestive of inflammation).
(D) Magnetic resonance spectroscopy shows increased choline (Cho) peak (suggesting active membrane turnover in this patient due to inflamma-
tory activity attributed to progressive multifocal leukoencephalopathy-immune reconstitution inflammatory syndrome) and modestly elevated lipid
(lip)/lactate (Lac) peaks. The susceptibility-weighted image showed no blooming, and the diffusion-weighted image showed peripheral rim of dif-
fusion restriction (not shown here). Cr, creatine; Glx, glutamate—glutamine; ml, myo-inositol; sl, scylloinositol.

10.4 g/dL) and mild lymphopenia (899/uL). Renal and liver func-
tion tests were normal. Workup for lupus disease activity showed
mild proteinuria (24-hour urine protein 549 mg/day) without any
active urinary sediments; complement (C3, C4) levels and anti—
double-stranded DNA antibody titers were normal, and there
was no evidence of ongoing hemolysis, although the direct
Coombs’s test was positive (Table 1). MRI of the brain done dur-
ing outpatient evaluation (three weeks before hospital admission)
was reviewed and was found to have patchy, ill-defined areas of
T2 fluid-attenuated inversion recovery (FLAIR) hyperintense
lesions in the right parietal and left frontal, temporal, and parietal
lobes with only a peripheral rim of diffusion restriction, no contrast
enhancement/edema or any abnormalities in the magnetic reso-
nance angiogram (MRA), making subacute infarcts unlikely
(Figure 1). In view of recent neurologic deterioration in the form
of cognitive dysfunction, MRI of the brain was repeated at admis-
sion (three weeks after the previous MRI), which revealed large T2

FLAIR hyperintense lesions (increased in size compared to previ-
ous MRI) in the right parietal and left frontoparietal and left parie-
totemporal subcortical and deep white matter regions with
peripheral diffusion restriction. There was new-onset, irregular
contrast (gadolinium) enhancement in these lesions with moder-
ate perilesional edema and no mass effect. Magnetic resonance
spectroscopy (MRS) showed elevated choline peak and mod-
estly elevated lipid—lactate peak (Figure 2). MRI of the spine
was normal. Cerebrospinal fluid (CSF) analysis showed nil cells,
mildly elevated protein (63 mg/dL), and normal glucose levels.
A detailed CSF infective workup for bacterial, mycobacterial,
fungal, parasitic, and viral infections turned out to be negative
(Table 1). CSF John Cunningham virus (JCV) polymerase chain
reaction (PCR) by ultrasensitive high-volume extraction tech-
nique came out to be negative twice. Serum anti-aquaporin-4
antibody and anti-myelin oligodendrocyte glycoprotein (MOG)
were also negative.
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Figure 3. Brain biopsy. (A) Brain parenchyma with focal lymphoid aggregates (white arrows; 200x magnification). (B) Reactive bizarre astrocyte
(white arrow) and oligodendrocytes with large intranuclear inclusion and neuronophagia (black arrows; 400x magnification). (C) Myelin basic pro-
tein (MBP) immunostaining showing extensive multifocal demyelination (200x magnification). (D) Immunostaining for SV40 and p53 (surrogate
markers for John Cunningham virus) showing block positivity in oligodendrocytes (200x magnification). Color figure can be viewed in the online
issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25490/abstract.

DIFFERENTIAL DIAGNOSIS

Right-sided hemiparesis with cognitive dysfunction enabled
a neuroanatomic localization of the lesion to either the cerebral
cortex or the subcortex with adjacent cortical involvement. Taking
into account the background of SLE, high-dose immunosuppres-
sive therapy (IST) interrupted by a recent diagnosis of dissemi-
nated TB (on ATT), and neuroimaging findings, our initial
differential diagnoses were relatively broad and included central
nervous system (CNS) TB; other CNS opportunistic infections like
nocardiosis, toxoplasmosis, and fungal infections; CNS vasculitis
(lupus related); microvascular antiphospholipid syndrome (APS);
demyelinating disorders; and CNS malignancy.

CNS infections. In a patient heavily immunosuppressed for
underlying lupus disease activity, emergence of new focal neuro-
logic deficits should strongly raise a possibility of a CNS infection.
In a high TB-endemic country like India, and a concurrent recent
diagnosis of microbiologically confirmed pulmonary TB, dissemina-
tion to the CNS (CNS TB) should always be ruled out. However,
with the absence of meningeal enhancement, infarcts, abscesses,

or tuberculomas in MRI," negative CSF culture and PCR, and onset
of symptoms one month after intake of adequate doses of first-line
ATT with clinicoradiologic evidence of TB resolution at previously
involved sites, the possibility of CNS TB seemed unlikely. Viral, fun-
gal, and parasitic infections of the CNS were ruled out by appropri-
ate serological tests, PCR, cultures, and imaging findings of
absence of ring enhancing lesions and meningeal involvement.
Progressive multifocal leukoencephalopathy (PML) due to JCV
infection was high up in our list of differential diagnoses because
the patient had consistent clinical and radiologic features of PML;
however, the repeated negativity of ultrasensitive CSF JCV PCR
prevented us from reaching a diagnosis of PML.

Autoimmune and vascular etiologies. Neurologic
manifestations of SLE, termed as neuropsychiatric SLE (NPSLE),
oceur in 20% to 40% of patients with lupus? and include strokes
(which could be due to atherosclerosis, vasculitis, and/or APS),
seizures, cognitive impairment, optic neuritis, myelitis, neuropsy-
chiatric manifestations, and peripheral neuropathy.® Low disease
activity of lupus, negative anti-phospholipid antibodies, normal
MRA, and absence of vasculitic infarcts in MRI lowered the
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possibility of CNS lupus, which by itself is a diagnosis of exclusion.
Subacute nature of illness, absence of hypertensive crisis, and
lack of occipital lobe involvement in MRI ruled out posterior
reversible leukoencephalopathy syndrome. Neurosarcoidosis
most commonly presents with cranial and peripheral neuropathy;
focal deficits and neuropsychiatric manifestations are quite rare.*

Demyelinating disorders. Absence of optic neuritis, spi-
nal cord involvement, absence of prodromal viral illness/vaccina-
tion, and negative anti-MOG and anti~aquaporin-4 antibodies
lowered the possibility of acute disseminated encephalomyelitis,
neuromyelitis optica spectrum of disorders, and MOG-associated
disease. Possibility of tumefactive demyelination (multiple sclero-
sis) was considered after MRI of the brain due to the presence of
large white matter lesions (>2 cm), irregular contrast enhance-
ment, moderate edema, and high choline peak in MRS.® How-
ever, the sequential changes in the MRI before and after
admission were not consistent with tumefactive demyelination.

CNS neoplasia. Primary CNS lymphoma (PCNSL) is seen
with increased frequency in autoimmune conditions like SLE,
likely related to taking IST.® MRI brain features of PCNSL include

T2 FLAIR hyperintense, T1 hypo-isointense lesions with homoge-
nous contrast enhancement, edema with/without mass effect,
and very high choline peak and high lipid peak in MRS.” Although
our patient had irregular contrast enhancement and absence of
mass effect, PCNSL could not be ruled out without brain biopsy.
Metastases to the brain were ruled out by absence of a sugges-
tive history and MR findings.

Histopathology. Because of lack of conclusive diagnosis
after extensive laboratory investigations, detailed CSF workup, and
advanced neuroimaging, we proceeded with a brain biopsy from
the left parietal lesion, which demonstrated focal aggregates of lym-
phoid cells, neuronophagia, oligodendroglial intranuclear inclusions,
and a few bizarre astrocytes suggestive of PML with evidence of
inflammation in the form of lymphoid aggregates (Figure 3). Immuno-
histochemistry showed positive staining for SV40, p53, and cyclin
D1, and JCV PCR of the brain biopsy turned out positive.

THE PATIENT'S COURSE

As per the diagnostic criteria for PML proposed by the Amer-
ican Association of Neurology,?® our patient was diagnosed with

D) 2 months after treatment

C) 2 weeks after treatment

Figure 4. Interval changes in serial magnetic resonance imaging (MRI) of the brain—axial fluid-attenuated inversion recovery (FLAIR; top row)
and axial T1 postgadolinium (bottom row)—(A) before admission, (B) at admission, (C) two weeks after treatment, and (D) two months after treat-
ment. Compared to MRI of the brain (A) before admission, (B) MRI of the brain at admission shows an increase in FLAIR hyperintense lesions and
irregular postgadolinium contrast enhancement (attributed to progressive multifocal leukoencephalopathy- immune reconstitution inflammatory
syndrome). (C) MRI of the brain done two weeks after treatment shows persistence of edema and decrease in contrast enhancement. (D) MRI
of the brain two months after treatment initiation shows significant reduction in lesion size, perilesional edema, and contrast enhancement com-

pared to MRI at the time of admission.
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definite PML. The underlying disease (SLE) and history of potent
IST use (cyclophosphamide, MMF, azathioprine) contributed to
an immunocompromised state predisposing to PML. The recent
clinical deterioration (in the form of new-onset cognitive decline)
accompanied by radiologic worsening in the form of emergence
of moderate perilesional edema and contrast enhancement in
the recent MRI (Figure 2) was attributed to PML-IRIS, as con-
firmed by the presence of focal lymphoid aggregates in biopsy
(Figure 3).

The patient was started on intravenous dexamethasone
16 mg/day. MRI of the brain was repeated after two weeks, which
showed a decrease in contrast enhancement with persistence of
edema (Figure 4). He was discharged on a tapering dose of dexa-
methasone, and subsequently, on follow-up after two months, he
had significant improvement in right hemiparesis (modified Rankin
scale 2) and cognitive function (MMSE 20 of 30 and MoCA 15 of
30), reaffirming that the clinical deterioration had been due to
PML-IRIS. Repeat MRI of the brain after two months showed sig-
nificant decrease in size, edema, and contrast enhancement of
the lesions (Figure 4). At last clinical follow-up, the patient was
doing well; dexamethasone had been tapered off and switched
to oral prednisolone (7.5 mg/day), and MMF had been restarted.
The timeline of significant events before, during, and after admis-
sion have been summarized in Supplementary Figure 1.

DISCUSSION

PML is a severe, debilitating, often fatal demyelinating dis-
ease of the CNS caused by JCV that is predominantly seen in
immunocompromised individuals.® Latent infection with JCV from
environmental sources occurs in childhood, and around 86% of
adults are seropositive for JCV.® Impairment of cell-mediated
immunity leads to JCV reactivation and rearrangements in the viral
genome, making the virus neurotropic, eventually leading to lytic
destruction of oligodendrocytes.? Historically, HIV infections have
contributed to the majority of patients with PML (80%); however,
with the advent of effective antiretroviral therapy (ART), the
proportion of patients with PML due to HIV has decreased.'®
Hematologic malignancies like chronic lymphocytic leukemia and
non-Hodgkin lymphoma contribute to 10% of the PML burden,
followed by natalizumab-induced PML in patients with multiple
sclerosis comprising 5% of the patients.® Other conditions
associated with cellular immune dysfunction such as rheu-
matic diseases, primary immunodeficiency disorders, and
immunosuppressant drug use contribute to the remaining
minority of patients with PML.""

Among patients with rheumatic diseases, two-thirds of PML
are reported in SLE'2 attributed mostly to taking IST. In a system-
atic review of PML in patients with SLE, Henegar et al'® showed
that most patients (66%) had been exposed to some form of
immunosuppression before PML onset, but there were no studies
that had stratified PML incidence by drug exposure status. There

are multiple reports of patients with SLE and PML being treated
with biologic agents,'* but these patients had been concomitantly
exposed to other IST as well. The overall incidence of PML in
patients with SLE is reported to be 2.4 of 100,000 person-
years,'® with 40% of patients being those who did not take IST,
suggesting that inherent lymphopenia or immune dysregulation
associated with SLE might contribute to the development of
PML."® PML in patients with SLE is challenging both from a diag-
nostic as well as a therapeutic standpoint. Neurologic manifesta-
tions of SLE may mimic PML clinically and radiologically, and
instances of misdiagnosis have led to catastrophic outcomes
because of diametrically opposite management strategies for
PML and neuropsychiatric involvement of lupus.'® This also leads
to an underdiagnosis of PML in patients with SLE."”

Clinical features like ictal onset and optic nerve/spinal cord
involvement are unusual for PML and would favor a diagnosis of
NPSLE, whereas MRI evidence of infarcts of different ages (involv-
ing both gray and white matter) would favor CNS vasculitis over
PML; however, clinicians should be aware that CNS vasculitis
and PML can coexist.'® Multiparametric MRI with MRS provides
valuable information regarding tissue composition of various
metabolites and helps in differentiation of neoplastic from non-
neoplastic intracranial space—-occupying lesions. It can preclude
the need for brain biopsy in some patients while also helping to
improve the yield of targeted brain biopsies.” CSF JCV PCR can
help in establishing a diagnosis of PML, with a sensitivity of
>95% for current assays. ' Such high sensitivity of test assays vir-
tually obviates the need for an invasive, morbid brain biopsy in
most patients. Causes of a false-negative PCR result include
intermittent viral shedding in CSF and/or immune recovery or
immune reconstitution inflammatory syndrome (IRIS). Although
the CSF JCV PCR was twice negative in our patient, a high clinical
suspicion and possibility of a false-negative result prompted us to
proceed with brain biopsy, which ultimately yielded the diagnosis
of JOV PML-IRIS.

No antiviral therapies are available for JCV, and the manage-
ment of PML rests majorly on immune reconstitution® in the form
of ART for HIV-PML and withdrawal of IST for non-HIV-PML. Data
from patients with HIV-PML have demonstrated a substantial
improvement in one-year survival from 10% to 50% with the intro-
duction of ART'®; however, the data on patients without HIV-PML
are very scarce. Apart from withdrawal of IST for PML associated
with rheumatic diseases, multiple investigational therapies includ-
ing mirtazapine, mefloquine, topotecan, cytarabine, cidofovir, and
interferon-a have been tried for the management of PML, but
none have shown consistent clinical benefit and are thus not rec-
ommended.'® Recently, immune-checkpoint inhibitor (ICl) pem-
brolizumab use was found to result in clinical improvement and
decrease in JCV viral load in five of eight patients with PML (two
with HIV-PML and three with non-HIV-PML).?° Risk of immune-
related adverse events has precluded the widespread ICI use in
patients with PML associated with rheumatic diseases, although
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Lan et al®’ reported a patient with SLE and PML who had a
delayed but prolonged response to pembrolizumab.

Although immune reconstitution forms the mainstay of ther-
apy in patients with PML, it is a double-edged sword because it
carries a significant risk of triggering IRIS, which further compli-
cates disease management.? HIV-PML-IRIS after ART initiation
(seen in up to 18% of patients with HIV-PML)**?° and PML-IRIS
after discontinuation of natalizumab®* are well-known entities,
whereas PML-IRIS in the setting of rheumatic diseases has sel-
dom been reported.?® A patient with SLE-PML-IRIS occurring in
the setting of tofacitinib use was recently reported,?® and to the
best of our knowledge, our patient represents just the second
patient with rheumatic PML-IRIS reported in literature thus far.
Tackling PML-IRIS requires striking the perfect balance between
the need to tamper inflammatory response with glucocorticoids
and the risk of PML progression if immunity is fully suppressed.®
Diagnosis of PML-IRIS requires establishing a clear temporal rela-
tionship between immune reconstitution and clinical worsening,
detection of JCV in patients with CSF, or brain biopsy and evi-
dence of inflammation in MRI (edema, contrast enhancement)
and/or biopsy (lymphoid infiltrates), as proposed by Fournier
et al.?2 Although CSF pleocytosis may be expected in IRIS (being
an inflammatory condition), there have been prior published
reports of PML-IRIS with no CSF pleocytosis in the setting of
HIV.%%2” The published literature, combined with the presence
of inflammatory cells on histopathology and treatment response
in our patient, suggests that absence of cells in CSF, although
rare, does not rule out PML-IRIS. As far as treatment of PML-IRIS
is concerned, glucocorticoids have not shown consistent clinical
improvement in patients with PML-IRIS and, owing to a potential
deleterious role in long-term anti-JCV immune response, are cur-
rently recommended only for marked neurologic deterioration
with brain swelling.?? In a review of 54 patients with HIV-PML-IRIS
by Tan et al,?®> 12 had been treated with steroids, of which
7 patients showed good neurologic recovery. Patients with favor-
able clinical response had contrast enhancement on MRI (six of
seven patients), earlier steroid initiation (within three weeks of IRIS
onset), and longer duration of steroid therapy (mean duration of
therapy 13.3 weeks) compared to patients with worse out-
comes.?® Comparison between patients with PML and PML-IRIS
has been provided in Supplementary Table 1.

Considering SLE-PML-IRIS, our patient was started on
dexamethasone (within one week of IRIS onset), with which he
showed significant clinical and radiologic improvement. He was
under continuous, close multidisciplinary follow-up to balance
the risk of SLE disease flare (due to IST withdrawal) and PML
worsening (due to IST reinitiation). His dexamethasone was very
slowly tapered and switched to oral prednisolone (7.5 mg/day
equivalent), and MMF had been restarted.

This patient’s diagnosis and outcome emphasize the need
for close vigilance for opportunistic infections in patients with
rheumatic diseases on IST; the inadequacies of serological and

molecular testing mandating the use of risky, invasive procedures
like brain biopsies in patients with difficult diagnoses; and finally,
the role of concerted management of these challenging patients
through a multidisciplinary team of specialists.

FINAL DIAGNOSIS

Progressive multifocal leukoencephalopathy with immune-
reconstitution inflammatory syndrome on a background of SLE
with lupus nephritis and disseminated tuberculosis.
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There are over 100 rheumatic diseases and approximately 300,000 children with a pediatric rheumatic disease (PRD)
in the United States. The most common PRDs are juvenile idiopathic arthritis (JIA), childhood-onset systemic lupus ery-
thematosus (cSLE), and juvenile dermatomyositis (JDM). Effective and safe medications are essential because there
are generally no cures for these conditions. Etanercept was the first biologic therapy for the treatment of JIA, approved
in 1999. Since then, other biologic disease-modifying antirheumatic drugs (bDMARDs) and targeted synthetic disease-
modifying antirheumatic drugs (tsDMARDs) blocking relevant immunologic pathways have been approved for the
treatment of JIA, resulting in a marked improvement of disease prognosis. Conversely, there is only one bDMARD that
has been approved for cSLE, but none are approved for the treatment of JDM. Lack of approved therapeutic options,
with established dosing regimens and known efficacy and safety, remains a central challenge in the treatment of all
PRDs, including autoinflammatory diseases, and for complications of PRDs. This review provides an overview of
bDMARD and tsDMARD treatments studied for the treatment of various subtypes of JIA, summarizes information from
bDMARD studies in other PRDs, with a focus on pivotal trials that led to regulatory approvals, and highlights improved
outcomes in patients with JIA with the reception of these newer medications. Further, we outline barriers and chal-
lenges in the treatment of other PRDs. Last, we summarize the current regulatory landscape for bDMARD studies

and medication approvals for patients with PRDs.

Introduction

There are over 100 rheumatic diseases and approximately
300,000 children with a pediatric rheumatic disease (PRD) in the
United States.” Although there are no cures for PRDs to date,
early diagnosis, followed by timely, effective therapies are essen-
tial for superior disease outcomes. Thus, access to medications
with proven efficacy and acceptable safety profiles is crucial.
The most common systemic immune-mediated PRDs include
juvenile idiopathic arthritis (JIA), childhood-onset systemic lupus
erythematosus (cSLE),® and juvenile dermatomyositis (JDM).*
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Historically, PRDs such as JIA were associated with poor
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of daily living. Especially for JIA, treatment options have improved
markedly since the first biologic disease-modifying antirheumatic
drug (bDMARD) was approved for the treatment of JIA in 1999.
There are now several bDMARDs and targeted synthetic
disease-modifying antirheumatic drugs (tsDMARDs) that have
been approved for treating PRDs by regulatory agencies. This
has led to a profound change in the practice of pediatric rheuma-
tology and improved the prognosis of PRDs. Nonetheless, unmet
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needs remain for effective and safe therapies for PRDs, especially
the treatment of JIA-associated uveitis, macrophage activation
syndrome (MAS), and less prevalent PRDs such as cSLE and
JDM. Given the rarity of some PRDs, specialized research net-
works like the Pediatric Rheumatology Collaborative Study Group
(PRCSQ) are essential to realize the potential of novel drug targets
to become treatments that improve both life and function of chil-
dren with PRDs.® In this review, we will describe therapeutic
advances since the advent of approved bDMARDs and tsDMARDs
and the regulatory landscape of drug development for PRDs. Nota-
bly, we do not discuss issues surrounding the availability of biosimi-
lars and refer the reader to the package insert for the exact labeling
language and the review of bDMARD and tsDMARD safety.

Tumor necrosis factor inhibitors are currently
considered first line bDMARDS for polyarticular
course of JIA

The first bDMARD studied in JIA was etanercept, a fusion
protein that inhibits tumor necrosis factor (TNF)-a, and to some
extent, TNF-B, by blocking its interaction with cell-surface TNF
p75 receptors. In fact, etanercept was the first bDMARD used
for the treatment of PRDs that achieved regulatory approval by
the US Food and Drug Administration (FDA) under a “fast-track”
approach. In 1999, etanercept was approved worldwide to treat
polyarticular-course JIA (pcdlA) based on the results of a phase
I/l placebo-controlled randomized withdrawal trial.® A large
phase IV JIA registry of etanercept coordinated by the PRCSG
documented the long-term efficacy, safety, reception in younger
children, and benefits on quality of life.” Because active uveitis
was an exclusion criterion for participation in the etanercept JIA
clinical trial program, no information regarding the effectiveness

of etanercept for the treatment of JIA-associated uveitis was col-
lected. Rather, postapproval reports of uveitis development while
receiving etanercept treatment, and lack of uveitis improvement
with etanercept, later provided sufficient evidence to establish
that etanercept is ineffective for the treatment of uveitis.®

Other TNF inhibitors (TNFis) approved by the FDA and the
European Medicines Agency (EMA) for the treatment of JIA are
monoclonal antibodies (MABs). These include adalimumab and
intravenous (IV) golimumab, which were approved to treat pcJIA
in 2008 and 2020, respectively. Notably, although widely used in
clinical practice, IV infliximab and subcutaneous (SC) golimumab
have not achieved FDA approval for treatment of JIA after clinical
trials in JIA failed to meet their primary endpoints®'; the former
likely failed because the evaluated dose of infliximab was too
low. The study of certolizumab in pcJIA (NCTO1550003) has been
completed, but the results are unavailable. All TNFis studied in
pcJIA appear to have similar efficacy and safety as in adults with
rheumatoid arthritis (RA; Table 1).""

Following a randomized, double-blinded, placebo-controlled
study of 90 patients aged 2 to <18 years with active JIA-
associated anterior uveitis, the FDA expanded the approval of
adalimumab in 2018 for the treatment of noninfectious intermedi-
ate uveitis, posterior uveitis, and panuveitis to include pediatric
patients >2 years old. Lack of approval for anterior uveitis is a
major gap in JIA-associated anterior uveitis. Study results
showed that adalimumab significantly decreases the risk of treat-
ment failure by 75% relative to placebo.'®

Other bDMARD classes approved for pcjJIA

Tocilizumab, a humanized MAB to the soluble interleukin
(IL)-6 receptor that binds to both the soluble and membrane-

Table 1. bDMARDs approved for the various categories of JIA by the FDA*

bDMARDs approved for children with JIA and adults with
inflammatory arthritis in the United States

bDMARDs approved only
for adults with inflammatory arthritis

bDMARD targets (year of approval in children) (year of initial approval)

TNF-alpha Etanercept (1999); adalimumab (2008); IV golimumab (2020) Infliximab (1999); certolizumab (2009)%;
SC golimumab (2009)

IL-1 Canakinumab (2013) Anakinra (2001)P

IL-6 IV tocilizumab (2011); SC tocilizumab (2018); sarilumab (2024) -

CTLA4 IV abatacept (2008); SC abatacept (2017) -

CD20 - Rituximab (2006)

IL-17 SC secukinumab (2021) IV secukinumab (2023)

IL-12/1L-23 Ustekinumab (2022) Ixekizumab (2017)%; guselkumab (2020)7
risankizumab (2022)*¢

PDE4 - Apremilast (2014)

Janus kinases (JAKs) Tofacitinib (2020); upadacitinib (2024)

Baricitinib (2018)°

* bDMARD, biologic disease-modifying antirheumatic drug; CTLA, cytotoxic T lymphocyte-associated protein; FDA, Food and Drug Administra-
tion; IL, interleukin; 1V, intravenous; JIA, juvenile idiopathic arthritis; PDE, Phosphodiesterase 4 phosphodiesterase; SC, subcutaneous; TNF,

tumor necrosis factor.
@ Studies in JIA are ongoing.

® These bDMARDs were approved for treatment in children with JIA in Europe in 2023 but not in the United States.
¢ Sarilumab was only approved for treatment in adult-sized children with polyarticular-course JIA.'?

Risankizumab blocks only anti-IL-23.
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bound IL-6 receptor,’ "€ is available in IV and SC formulations.

The IV formulation was approved to treat pcJIA in 2013 after it
had achieved approval to treat systemic JIA (sJIA) in 2011; the
SC formulation was approved to be prescribed to patients with
JIAin 2018 (Table 1). There are several trials in pcJIA’ in which
tocilizumab was demonstrated to be effective and safe even when
used in the long term, and it also facilitated catch-up growth and
slowing of radiographic progression.'®'® Approximately half of
the patients in the IV pcJIA trial received methotrexate back-
ground therapy and seemed to experience somewhat better
treatment response.'® Safety and efficacy of SC and IV tocilizu-
mab were comparable, other than mild to moderate injection site
reactions (ISRs) with SC tocilizumab, which occurred in about
30% of patients in the clinical trial.'® There are several other IL-6
inhibitors, but currently, tocilizumab remains best studied in
PRDs. Although a phase Il open-label study of sarilumab is ongo-
ing (NCT02991469), sarilumab was approved in June 2024 for a
small subset of patients with pcJIA whose weight is 63 kg or
higher.

IV abatacept was approved in 2008 for the treatment of
pcdlA, and subsequently, SC abatacept was approved for
pcJlA in 2017. Abatacept is a fully human, soluble fusion
protein comprised of the extracellular domain of cytotoxic
T lymphocyte-associated protein 4 and the Fc component of
lgG1, which selectively inhibits the costimulatory signal necessary
for full T cell activation by binding to CD80 and CD86, thereby
blocking their interaction with CD28. Both IV and SC formulations
of abatacept have been studied in two phase lll trials in children
with pcJIA.2%2" The efficacy of SC and IV abatacept is compara-
ble for treating pcJIA. The same holds true for safety, except for
ISRs, which occur in around 7% of participants receiving SC aba-
tacept.?’ The current label states that concomitant reception of
TNFis should be avoided. Systematic reviews with meta-analyses
suggest that abatacept therapy is associated with few treatment-
emergent infections, with similar responses to therapy and reduc-
tion of flare risk in patients with pcdlA compared to other
bDMARDs.?%2°

bDMARD:s for sJIA. The introduction of IL-6 and IL-1 inhib-
itors has changed the landscape of sJIA treatment, allowing for
decreased reception of glucocorticoids over the long term, result-
ing in decreased glucocorticoid-related side effects such as
growth delay, reduced bone mineral density, and infections.?*2°
The safety and effectiveness of SC and IV tocilizumab for the
treatment of sJIA are comparable.®2526 Episodes of MAS have
been observed with IL-6 and IL-1 inhibitors.'®%>26

The IL-1 inhibitors, including canakinumab, anakinra, and
rilonacept, are another class of bDMARDs that are highly effective
in treating sJIA. Canakinumab is an MAB blocking IL-1B and was
FDA approved for patients with sJIA who were two years of age or
older in 2013, based on the results of two double-blind random-
ized placebo-controlled trials that provided evidence for rapid

response of systemic and articular features in patients with sJIA
(Table 1).2728 |SRs with canakinumab reception were uncommon
and generally mild. Anakinra is a human recombinant form of IL-1
receptor antagonist and blocks the biologic activity of IL-1a and
IL-18 by competitively inhibiting IL-1 binding to the IL-1 type |
receptor, which is expressed in a wide variety of tissues. The first
randomized controlled trial of anakinra, which was four weeks in
duration, supported its efficacy for the treatment of sJIA.%®
Additionally, dose escalation of anakinra may yield additional ther-
apeutic benefits.>2! However, anakinra, in contrast to canakinu-
mab, is not FDA approved for the treatment of sJIA; this was likely
due to low enrollment in the clinical trial, which may have been in
part due to the FDA’s requirement to include a placebo arm in
the trial.

Rilonacept, which binds and neutralizes IL-1, was also stud-
ied in a double-blind, placebo-controlled study in sJIA by the
PRCSG and the Childhood Arthritis and Rheumatology Research
Alliance (CARRA), respectively.®>3® Although not approved to
treat sJIA due to not meeting its primary endpoint, rilonacept
was approved for cryopyrin-associated periodic syndrome
(CAPS) in 2008. A meta-analysis demonstrated that rilonacept
was inferior to canakinumab and tocilizumab in the treatment of
sdIA, whereas the risks of serious adverse events were similar
among the various bDMARDs.2® As with IL-6 inhibitors, episodes
of MAS occurred with canakinumab treatment.* Conversely,
anakinra has been suggested for the treatment of MAS associ-
ated with active sJIA.*® The role of bDMARDS in contributing to
the increased development of interstitial lung disease in patients
with sJIA remains under investigation.®®

bDMARDs for juvenile psoriatic arthritis. Juvenile
psoriatic arthritis (JPsA) was removed from the FDA’s waiver list
for pediatric studies on October 10, 2023.%” This means studies
in children with JPsA are no longer considered highly impractical
and are now subject to the usual requirements for pediatric
research, as detailed later in this review. Since then, there have
been four FDA-approved medications for JPsA treatment: IV
golimumab, ustekinumab, secukinumab, and upadacitinib. Nota-
bly, although approved for psoriatic arthritis (PsA) in adults and
commonly used in clinical practice, the TNFi adalimumab
and SC golimumab are not approved for the treatment of JPsA.
However, using exposure matching of dosing data in the pediatric
population,®® IV golimumab was FDA approved for JPsA based
on a positive study on pcJIA®®“° and demonstrated effectiveness
and safety in patients with PsA.

Ustekinumab is a fully humanized MAB that binds the p40
subunit of IL-12 and IL-23, thereby inhibiting the interaction of
these cytokines with the IL-12RB1 receptor and inhibiting their
signaling. Without conduct of a dedicated study in children with
JPsA, ustekinumab received FDA approval to treat JPsA in 2022
based solely on exposure matching of dosing data from children
with other diseases and known efficacy in adults with PsA.%®
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Additional clinical trials of ustekinumab for treatment of JPSA are
ongoing to support labeling of ustekinumab in other countries
outside the United States (NCT05252533 and NCT05083182).

Secukinumab is a high-affinity, fully human IgG1 MAB that
selectively binds and neutralizes IL-17A. SC secukinumab was
studied for treatment of JPsA and enthesitis-related arthritis
(ERA) in a double-blind, placebo-controlled, phase lll, randomized
withdrawal trial and was shown to be effective and safe.*! ISRs
with secukinumab reception were rare and mild. Based on this
study, the FDA approved SC secukinumab for treating JPsA and
ERA in December 2021. Finally, a clinical trial of children with
JPsA receiving SC risankizumab, an IL-23 inhibitor, is underway
(NCT06100744).

bDMARDs for ERA. Drug development and approval for
children with JIA falling into the ERA category of JIA has been
hampered for more than a decade. Indeed, patients with ERA
were often not included in clinical trials that generally focused on
children with pcJIA. Despite off-label TNFi prescription at doses
approved for patients with pcJIA, and their consideration as first-
line treatment of ERA, per current treatment guidelines,***® none
of the currently marketed TNFis have FDA approval for treating
ERA. Based on the available scientific evidence,*® the FDA
recently considered ERA as the pediatric counterpart of nonradio-
graphic axial spondyloarthropathy (nr-axSpA). Since then, the
FDA approved secukinumab for treating ERA in 2021. Like adults
with nr-axSpA or ankylosing spondylitis, children with ERA expe-
rienced improvement in signs and symptoms of their disease with
the reception of SC secukinumab, which was comparable to that
of children with JPsA.*" With secukinumab treatment, there was
an improvement of both joint inflammation and associated
enthesitis.

tsDMARDs for JIA

In recent years, tsDMARDs, also known as oral small-
molecule inhibitors that affect intracellular signaling pathways,
have been studied in patients with JIA. Currently, tsDMARDs for
JIA are only approved for pcdIA and JPsA. EMA approval for bar-
icitinib took place in 2023, whereas FDA approval occurred for the
oral JAK inhibitors tofacitinib in 2020, and for upadacitinib in
2024, based on the results of randomized placebo-controlled
withdrawal design studies.**™® Although there are significant
boxed warnings, including cardiovascular events and thrombosis
in adults receiving tsDMARDs, it is not clear that these serious
adverse safety warnings apply to children.

bDMARDSs for cSLE

Belimumab is an MAB against B lymphocyte stimulator
(B lymphocyte activating factor) and is available as an IV and SC
preparation. Despite initial approval of belimumab in 2011 for

adults with systemic lupus erythematosus (SLE), belimumab was
not approved for cSLE until 2019 or for childhood-onset lupus
nephritis (LN) until 2022. The latter approval was, again, based
solely on extrapolation from adult LN data and the available data
from cSLE, also using Bayesian analysis.*”*8

A double-blind, placebo-controlled, parallel randomized trial
enrolled only 93 patients very slowly and hence was not powered
to show efficacy. At week 52, there were numerically more Sys-
temic Lupus Responder Index 4 responders in patients receiving
IV belimumab compared to those receiving placebo (52.8% vs
43.6%; odds ratio 1.49, 95% confidence interval 0.64-3.46).*"
Based on the results of an open-label study with the primary end-
points of pharmacokinetics and pharmacodynamics in cSLE, SC
belimumab was approved to treat cSLE in children aged five years
or older in May 2024.%° In 2021, anifrolumab was approved for
the treatment of adults with SLE and/or LN. Since the study in
children began in 2023 (NCT05835310), a delay in potential FDA
approval of anifrolumab for several years is likely.

bDMARDs in other PRDs: monogenic
autoinflammatory diseases

Dramatic responses to anakinra in selected patients with
sdIA, CAPS, and deficiency of the IL-1 receptor antagonist
(DIRA) provide evidence for pediatric application. Indeed, ana-
kinra was approved by the FDA for the treatment of DIRA in
2020. Two consecutive phase Il studies of 47 adult patients with
CAPS supported the effectiveness of rilonacept in this group of
autoinflammatory diseases.®® Likewise, rilonacept has been
shown to be effective for the treatment of familial Mediterranean
fever (FMF), decreasing the rate of flares by 41% (equal-tail 95%
credible interval 39%-85%), but regulatory approval is not in
place.5"2 In addition to CAPS, canakinumab was approved
in 2016 for the treatment of monogenic autoinflammatory dis-
eases, such as FMF, mevalonate kinase deficiency, and TNF
receptor-associated periodic syndrome, using a basket trial
design.®® The most frequently reported adverse event was infec-
tions, with a few serious infections.>®

bDMARDSs in other PRDs

Rituximab is an anti-CD20 MAB that depletes pre-B lympho-
cytes and mature B lymphocytes but not plasma cells or stem
cells. Rituximab is used off label to treat many PRDs, including
CcSLE, but only holds FDA approval for pediatric antineutrophil
cytoplasmic antibody—associated vasculitis (AAV) for patients
two years of age and older in combination with glucocorticoids.
Rituximab was studied in a randomized, placebo-phase clinical
trial in adults with dermatomyositis (DM) and polymyositis and
children with JDM.%* Despite the failure to meet the primary
endpoint of time to improvement in the myositis response
criteria, subsets of patients appeared to respond to rituximab,
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including children with JDM and patients with certain myositis
autoantibodies.®

Mepolizumab is an MAB targeting IL-5 and is FDA approved
for adult patients with eosinophilic granulomatosis with polyangii-
tis (EGPA) but not in children with EGPA. Of note, mepolizumab is
FDA approved for patients ages 12 years and older with hypereo-
sinophilic syndrome. Finally, avacopan, a tsDMARD that is a com-
plement 5a receptor antagonist, was FDA approved as an
adjunctive treatment in adults with AAV in 2021, but the indication
was not extended to pediatric patients despite inclusion of
adolescents 12 years or older in the clinical trial program.
However, a clinical trial in pediatric patients with AAV is planned
(NCT06321601).

None of the currently marketed bDMARDs have been
approved for the treatment of other rarer PRDs or nonmonogenic
autoinflammatory diseases. Such diseases include JDM and juve-
nile systemic sclerosis. In 2021, the FDA granted approval to
Octapharma USA for Octagam 10% as the first, and only, intrave-
nous immunoglobulin (IVIG) to be indicated for the treatment of
adult DM, based on the results of a randomized, blinded clinical
trial.>® IVIG has not been formally studied in children with JDM,
and Octagam® 10% is not licensed for the treatment of JDM.

Improvement of disease outcomes with JIA since
introduction of bDMARDs

Before the introduction of bDMARDs, children with JIA experi-
enced marked pain and reduction of well-being and physical func-
tion from their disease despite anti-inflammatory therapy.®®
Because most bDMARDs have received indications for the treat-
ment of JIA, there are now robust epidemiologic data describing
the impact of bDMARDs in children with JIA. Reports of JIA five-
year outcomes in the pre-bDMARD era supported that 38% of chil-
dren continued to have active synovitis despite anti-inflammatory
therapy and that 16% of the children experienced moderate to
severe impairment of physical functioning, including impaired
school functioning and activities of daily living.®” Disability, as mea-
sured by the Childhood Arthritis Health Assessment Questionnaire
(CHAQ; range 0-3, 3 being worse physical function), in patients
with pcJIA was at a median (range) CHAQ score of 0.31 (0-3),
mean (+SD) pain score of 3.1 (0-3.44) as measured on a visual ana-
log scale (0-10, O being no pain), and the mean (range) of active
joints with arthritis was 8.1 (0-42).%° However, the authors sug-
gest that the full impact of the changed landscape of treatment
options for JIA is better evaluated by using large registries such as
those assembled by the Pediatric Rheumatology Care and Out-
comes Improvement Network (PR-COIN) and CARRA.

Conversely, in contemporary cohort studies in which 25% to
45% of children with JIA are treated with bDMARDSs, the mean
(+SD) CHAQ scores are 0.2 (0.4), mean (xSD) pain ratings are
1.9 (£2.5), and the mean (£SD) number of joints with active arthri-
tis is 1.0 (£2.7), indicating over 90% improvement of disability,

about 40% improvement in pain, and 90% improvement in joints
with active arthritis.®° Taken together, the approval of bDMARDs
undoubtedly led to a profound improvement of JIA disease con-
trol, overall prognosis, and a change in treatment paradigms, with
PR-COIN further improving the impact of bDMARD access
through its treat-to-target and implementation activities.' How-
ever, it is worth noting that one should use caution in comparing
data among pediatric bDMARD studies because the design of
the trials and included patient populations differ. Unfortunately,
continued pain and disability exist, especially in children with JPSA
and ERA, likely because of limited access to approved bDMARDs
until recently.®°

Overall, considering the continuous burden of PRDs, and
despite access to advanced medications in the past 25 years,
there is an ongoing need for additional medications, as was
highlighted by both the PRCSG and CARRA.%? For example,
many children with pcJIA fail to achieve clinical remission, there
are only limited therapeutic choices for ERA and cSLE, and
there are no approved medications for JDM.®? Other concerns
include limited efficacy and tolerability of bDMARDSs, as reflected
by the frequent need to switch bDMARDSs. In a real-world obser-
vational study of patients with JIA who received bDMARD therapy
observed for an average of 3.7 years, 24% and 7%, respectively,
were prescribed a second and third bDMARD.®® Furthermore,
children enrolled in JIA medication trials whose TNFi or IL-6 inhib-
itor treatment failed, but not abatacept treatment,® had a 15% to
25%" lower likelihood of responding to subsequent treatments
for reasons not well understood.

Many PRDs are orphan diseases that occur in fewer than
200,000 persons in the United States, for which there is no rea-
sonable expectation that pharmaceutical companies will recover
the costs incurred during drug development following pharma-
ceutical sales. The Orphan Drug Act of 1983 incentivized pharma-
ceutical companies to develop drugs for rare diseases by offering
market exclusivity and tax credits.®*®° Although anakinra was
approved for the treatment of rare diseases in children, such as
CAPS and DIRA, the Orphan Drug Act does not include the
requirement of pharmaceutical sponsors to conduct studies in
children when the adult counterpart is an orphan disease. Exam-
ples include the approval of IVIG for adults with DM and avacopan
for adults with AAV, but no studies have been conducted in chil-
dren with these two related PRDs, and these medications are
not approved for children with these conditions. The Inflation
Reduction Act requires Medicare price negotiation for selected
drugs beginning in 2026.°° This law will exempt orphan drugs
from negotiations, although this exemption applies only to orphan
drugs with a single approved indication. Thus, drug companies
may have reduced incentives to pursue additional uses of their
orphan products going forward. Fortunately, there are remaining
incentives for companies, such as the Rare Pediatric Disease
Designation and Priority Review voucher program.
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Regulations relevant for the approval of drugs for
children with PRDs

The FDA is the federal agency charged with overseeing drug
manufacturing, labeling, and safety of medications and biologic
products in the United States. The Food, Drug, and Cosmetic
Act (FD&C Act) requires “substantial evidence” resulting from
“adequate and well-controlled investigations” to demonstrate
that a new drug “will have the effect it purports or is represented
to have under the conditions of use prescribed, recommended,
or suggested in the proposed labeling.” New drug and biologic
applications are submitted to, and reviewed by, the FDA for
potential approval for marketing in the United States.

In the United States, medication labeling and drug studies
are governed mainly by two sections of the FD&C Act:
section 505A pertains to the Best Pharmaceuticals for Children
Act (BPCA)®” and section 505B to the Pediatric Research Equity
Act (PREA),%® respectively.?’° These two laws encourage
and/or require drug companies to study their products in children.
The BPCA provides pharmaceutical manufacturers with six
months of additional market exclusivity after the completion of
pediatric drug studies requested by the FDA. There is no exclu-
sion for orphan diseases, but biologic therapies are not covered
by this law. The PREA necessitates new drugs to be studied in
children provided there is a pediatric disease that is like a non—
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orphan disease occurring in adults, and it is likely the new agent
will be prescribed to children.®®”° The FDA considers pcJIA the
pediatric correlate of adult RA.”" Likewise, cSLE is considered
the pediatric correlate of SLE in adults. The FDA has recently rec-
oghized JPsA as the pediatric correlate of PsA and ERA as the
pediatric counterpart of nr-axSpA. In 2012, the FDA Safety and
Innovation Act (FDASIA)" made the PREA and BPCA permanent,
which was an important development. The FDASIA requires ear-
lier pediatric study plan (PSP) submission by drug manufacturers
subject to the PREA and gives the FDA new authority to ensure
PREA requirements are addressed in a timelier manner.

The case of extrapolation and global alignment of
regulatory agencies. Integration of pediatric planning and
exclusivity requests are now part of regular new drug and biologic
product development programs at pharmaceutical companies.
Key documents include the initial PSP for submission to, and
approval by, the Center for Drug Evaluation and Research or the
Center for Biologics Evaluation and Research at the FDA
(Figure 1).”>7 Although a PSP is only required for product devel-
opment programs that are subject to the PREA, the FDA encour-
ages sponsors to include all potential pediatric development
plans for the product in the PSP, including those plans that may
be studied under the BPCA. Such plans can form the basis of a
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Biologic DMARD and targeted synthetic DMARD approvals by the US FDA for PRDs over time. DMARD approvals for PRDs have

accelerated since the passage of the FDASIA. As of June 2024, already three medications have received regulatory approval for treatment of
PRDs. The dotted line represents the trendline of new medication approvals by the FDA. DMARD, disease-modifying antirheumatic drug; FDA,
Food and Drug Administration; FDASIA, FDA Safety and Innovation Act; PRD, pediatric rheumatic disease.
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proposed pediatric study request (PPSR) that can be submitted
to obtain a Written Request from the FDA. The FDA can issue a
Written Request on its own initiative or at the request of an inter-
ested party. If a sponsor wishes to obtain pediatric exclusivity,
the sponsor is strongly encouraged to submit a PPSR to expedite
the FDA'’s issuance of a Written Request. Therefore, the same
product may have both a PSP and a Written Request, thereby
including both mandatory and voluntary studies. This could lead
to the potential benefit of incentives of the BPCA if the submission
is compliant with the studies contained in the Written Request.”®

The EMA adopted rules for pediatric drug development in the
European Union in 2013.7% Importantly, the EMA also passed leg-
islation concerning pediatric drug testing and approval. However,
the mandate to perform pediatric studies and the provision of
extended marketing exclusivity are governed by different pro-
cesses than in the United States.

Both the EMA and FDA confirmed that the existence of pedi-
atric research networks, such as the PRCSG, Pediatric Interna-
tional Trials Organisation (PRINTO), and CARRA, are of utmost
importance to realize the potential of this pediatric legislation.®
Like the PSP, a pediatric investigational plan (PIP) must be

submitted to the Paediatric Committee (PDCO), the EMA scien-
tific committee responsible for activities concerning medicine test-
ing in children. The PDCO oversees the labeling of such
medicines in the European Union.

One difference between US and European legislation is that
PIP submission to the PDCO takes place by the end of phase |
development in adults, whereas PSP submission to the FDA is
expected to occur later, around the end of phase Il development
in adults. Differences in the FDA and EMA policies and/or disease
assumptions have led to different mandates for study of PRD-
associated disease manifestations. For example, the FDA only
demands studies of JIA manifestations that also occur in adults.
This is one of the reasons why studies in uveitis, which are gener-
ally absent in RA, are not required by the FDA. Conversely, the
PIPs submitted to the EMA/PDCO usually require the study of
JIA-associated uveitis.

The FDA and EMA, along with other global regulatory authori-
ties and industry representatives, participated to add an addendum
to the International Council for Harmonisation of Technical Require-
ments for Pharmaceuticals for Human Use E11 guideline, “Clinical
Investigation of Medicinal Products in the Pediatric Population.”””

Pediatric Extrapolation Framework

Drug
Pharmacology

Disease Response to
similarity treatment

Review and synthesize available data in reference and target populations

Need for additional l‘*\/l Emerging clinical and
data collection EXTRAPOLATION CONCEPT scientific data
Integrate evidence and
Identify knowledge gaps

—)

Data generated do not
completely address
knowledge gaps

—J)

Figure 2. Pediatric extrapolation framework for new approvals for pediatric rheumatic diseases. The extrapolation framework consists of three
parts: development of a pediatric extrapolation concept, the creation of a pediatric extrapolation plan, and execution of a pediatric extrapolation
plan. The pediatric extrapolation concept is developed through comprehensive and detailed review of existing information about the range of fac-
tors that define the disease, the drug pharmacology, and the clinical response to treatment across the reference and target populations. Methods
to review and synthesize these data can include quantitative approaches such as statistical methods, modeling, and simulation. Synthesis of the
data should be conducted to both understand the strength of the known data and to identify important gaps in knowledge that will inform what
additional data, if any, are required. The pediatric extrapolation plan should include the objective(s) and methodologic approaches for the data that
need to be generated to support efficacy and safety in the target population for the purpose of regulatory decision-making. The existing pediatric
extrapolation plan can be modified based on emerging relevant data to reflect current scientific and clinical understanding. Source: ICH Harmo-
nised Guideline: Pediatric Extrapolation E11A.7* Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25482/abstract.
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This addendum is intended to address new scientific and technical
knowledge advances in pediatric drug development. More
recently, the FDA published draft guidance entitled “General Clini-
cal Pharmacology Considerations for Pediatric Studies of Drugs,
Including Biological Products Guidance for Industry”®® and has
expanded recommendations for the study of rare diseases.”® Drug
development for nonsystemic forms of JIA was the focus of the
2019 workshop of the FDA (Accelerating Drug Development for
Polyarticular Juvenile Idiopathic Arthritis [pJIA]) in which clinical trial
networks such as the PRCSG, CARRA, and other stakeholders
discussed the opportunities of extrapolation in facilitating medica-
tion approvals in the United States.”®

Impact of regulation on PRD medication approvals

Before 1999, a myriad of nonsteroidal anti-inflammatory medi-
cations, including aspirin and several nonsteroidal anti-inflammatory
drugs, were evaluated and many were approved for the treatment
of JIA. Methotrexate received approval for treating JIA in February
1999. In May 1999, etanercept received regulatory approval by the
FDA for the treatment of pcJIA, one year after its approval in treating
RA. There was a notable hiatus with no bDMARD approval for a PRD
from 1999 to 2008, the latter year being when both adalimumab and
abatacept were approved for treatment of pcJIA. Conversely, after
the passage of FDASIA in 2012,” the time to biologic and drug
approvals for the treatment of PRDs has quickened, with a total of
14 bDMARDs and tsDMARDs receiving an indication and a total of
24 medications now approved for the treatment of a PRD
(Figure 2). Most medications have been approved for the treatment
of pcdlA. However, the first medication approval for sJIA occurred
in 2011, and for JPsA and ERA, the first bDMARD was approved in
2021. Notable other indications are for CAPS, starting in 2008, and
other monogenic autoinflammatory diseases in 2016. The time
between FDA approval of a bDMARD or a tsDMARD for treatment
of an adult rheumatic disease and the corresponding PRD
ranges between one year (etanercept) and eight to nine years
(IV belimumab, ustekinumab). In rarer PRDs, approvals have
occurred even before or concurrent with approval for adults.

Currently, there are more than 10 bDMARDs or tsDMARDs
approved for adult forms of inflammatory arthritis (ie, RA, nr-axSpA,
spondyloarthritis, and PsA) that are not also approved for the treat-
ment of the corresponding PRDs.”" This further underscores the
unmet need for additional improvements in the path to approval of
medications for PRD. There continues to be a poor prognosis of
uveitis associated with PRDs, and there is only a single approved
medication for uveitis, adalimumalb, which carries arisk of anti-drug
antibody formation that can lead to loss of efficacy.”®€°

Conclusions

In summary, the licensure of bDMARDs and tsDMARDs for
PRDs over the preceding 25 years has significantly improved the

prognosis of JIA and select monogenic autoinflammatory dis-
eases. In this context, trials in PRDs that fail to result in licensure
must be considered as lost opportunities to potentially improve
PRD outcomes. Research networks, such as the PRCSG,
CARRA, and PRINTO, with their profound knowledge of PRDs
and experience with PRD clinical trials and existing medical
needs, continue to be central to supporting the approval of effec-
tive and safe medications in the years to come. Approved medi-
cations for PRDs have a well-defined safety and efficacy profile,
and proper dosing has been established. FDA approval is often
a prerequisite for medication coverage by insurance and health
care authorities and, hence, access to these medications.

Specifically, there remains a medical need to advance
approval of medications for PRD manifestations that occur most
often in the pediatric forms of rheumatic diseases than in adults,
such as uveitis. We also propose to carefully review the Orphan
Drug Approval Law and its interpretation to avoid exclusion of
pediatric patients when medication approvals for adult patients
with rheumatic diseases are sought under this regulation in the
future. It is worth noting that none of the advanced therapies used
for the treatment of PRDs yield a cure or long-term remission of
disease. Hence, additional bDMARDs and tsDMARDs are likely
needed to control signs and symptoms of PRDs for years and
possibly for life. Furthermore, discussions must occur with regulators
to determine whether modern clinical pharmacology techniques and
strategies could allow for the estimation of pediatric drug exposures
and dosing regimens to allow bDMARDs that are currently only
approved for the adult rheumatic disease to be approved for the cor-
responding PRD based on full extrapolation of efficacy. Ongoing dis-
cussions between regulators and the pediatric rheumatology
community regarding ways to implement FDA-proposed strategies
for the study of rare diseases in the PRD space are expected to
improve strategies. Considering the improvement of JIA outcomes
with bDMARD treatments, the noted existing burden of PRDs, and
the noted delay between approval of adult rheumatic diseases
and PRDs, accelerated FDA approval of additional bDMARDs and
tsDMARD:s for PRDs remains of major importance.
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Pharmacokinetics, Efficacy, and Safety of Upadacitinib in
Pediatric Patients With Polyarticular-Course Juvenile
Idiopathic Arthritis: An Interim Analysis of an Open-Label,
Phase 1 Trial

Hermine I. Brunner,' 2 Anna Shmagel,” " Gerd Horneff,> () lvan Foeldvari,* Jordi Antén,>
Athimalaipet V. Ramanan,® ( Yuli Qian,? ) Kristina Unnebrink,” Shuai Hao,? Heidi S. Camp,? Nasser Khan,?
Wei Liu,* =’ and Mohamed-Eslam F. Mohamed?
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Empowering Rheumatology Professionals

Objective. This work aimed to evaluate the pharmacokinetics, efficacy, and safety of upadacitinib, an oral selective
JAK inhibitor, in pediatric patients with polyarticular-course juvenile idiopathic arthritis (pcJIA).

Methods. In an open-label, phase 1 study (SELECT-YOUTH), enrolled patients, aged 2 to <18 years with pcJIA,
received body weight-based upadacitinib doses using a twice-daily oral solution or once-daily extended-release tablet
based on their body weight and ability to swallow tablets. The study included a 7-day pharmacokinetic assessment,
followed by a long-term efficacy and safety evaluation for up to 156 weeks, including an additional long-term safety
cohort. This interim analysis included available pharmacokinetic and safety data and efficacy data collected through
week 48.

Results. A total of 57 patients received upadacitinib. The median time to maximum upadacitinib concentration was
approximately three hours and one hour for the tablet and oral solution regimens, respectively; the harmonic mean
functional half-life was approximately five hours and two hours, respectively. Juvenile idiopathic arthritis American Col-
lege of Rheumatology 30, 50, 70, 90, and 100 responses at week 12 were 91.8%, 89.8%, 69.4%, 49.0%, and 32.7%,
respectively. Efficacy was generally maintained through week 48, and improvement in additional efficacy end points
was also observed. At a median exposure duration of 412 days, 52 of 57 patients reported adverse events; of these,
6 experienced serious adverse events. Adverse events were predominately mild to moderate in severity and consistent
with the known safety profile of upadacitinib.

Conclusion. This interim analysis demonstrates that the bodyweight-based dosing regimen of upadacitinib was
well tolerated and efficacious in pediatric patients with pcJIA.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is an umbrella term for
chronic arthritis of unknown etiology beginning before the age of
16 years. Several JIA subtypes, per International League of Asso-
ciations for Rheumatology criteria,’ are classified as polyarticular-
course juvenile idiopathic arthritis (pcdlA), including rheumatoid
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factor (RF)-positive and RF-negative polyarthritis, extended oli-
goarthritis, and systemic JIA (sJIA) without systemic symptoms.
pcJlA is characterized by a high rate of joint and tissue damage
compared with the other subtypes of JIA and accounts for 30%
to 50% of all patients with JIA.>~* Substantial functional impair-
ment, risk of growth disturbances, joint deformity, and long-term
disability are seen across JIA subtypes, including pcJIA.® Despite
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SIGNIFICANCE & INNOVATIONS

+ This study reports the first characterization of upa-
dacitinib pharmacokinetics, efficacy, and safety in
patients with polyarticular-course juvenile idio-
pathic arthritis.

* An adaptive dose selection feature was imple-
mented in this study to achieve target upadacitinib
exposures in pediatric patients.

« Data from this study provided essential support for
an innovative pediatric extrapolation approach that
led to the regulatory approval of upadacitinib for
polyarticular juvenile idiopathic arthritis in the
United States.

the approval of biologic disease-modifying antirheumatic drugs
(bDMARDs), currently approved medications do not suffice to
yield clinical remission in the majority of patients who are also
prone to develop intolerance or lose response over time.® With
>45% of patients with pcJIA potentially having active disease in
adulthood,® additional novel treatment options are warranted to
treat JIA, including oral formulations, the preferred route of admin-
istration in the pediatric population.

Upadacitinib is an oral JAK inhibitor with proven efficacy in
adult rheumatoid arthritis (RA), psoriatic arthritis, atopic dermati-
tis, axial spondylarthritis, ulcerative colitis, Crohn disease, and in
adolescent atopic dermatitis in patients 12 years of age or older.”
Upadacitinib potently inhibits JAK1 but is less potent against
JAK2, JAKS, and tyrosine kinase 2 (Tyk2), with downstream inhi-
bition of several proinflammatory cytokine signals. Clinical efficacy
through inhibition of the JAK/STAT pathway in this population has
recently been demonstrated with other JAK inhibitors®'9; thus,
therapeutic benefit of upadacitinib is anticipated in pcJIA.

Here, we present the interim results from a phase 1 study
(SELECT-YOUTH) designed with the objectives of evaluating the
pharmacokinetics, efficacy, and safety of upadacitinib in patients
with pcJIA aged 2 to <18 years. This is the first clinical report of
upadacitinib in patients with pcJIA.

PATIENTS AND METHODS

Study design. This is an ongoing, phase 1, open-label,
nonrandomized, multiple-dose study with a target enrollment of
~124 patients, designed to evaluate the pharmacokinetics, effi-
cacy, safety, and tolerability of upadacitinib in pediatric patients
(2 to <18 years old) with pcJlA. This is an interim analysis based
on a data cutoff date of September 22, 2022, where the seven-
day multiple-dose pharmacokinetic evaluation in part 1 had been
completed, and extended safety and efficacy assessments in
parts 2 and 3 are ongoing. (For information on data sharing, see
Supplementary Materials).

A study diagram is shown in Figure 1. As of the interim cutoff
date, 57 pediatric patients with pcJIA were enrolled across
14 sites in the United States, Germany, Hungary, Puerto Rico,
and Spain. This study was conducted in accordance with the
International Council for Harmonisation guidelines, applicable reg-
ulations, and guidelines governing clinical study conduct and the
ethical principles that have their origin in the Declaration of Hel-
sinki. The study protocol was approved by the Institutional
Review Boards/Ethics Committee boards at each of the study
sites, and all the participants’ legally authorized representatives
provided written informed consent before participation in the
study. Patients were included in all discussions to obtain verbal
and/or written assent.

Part 1 was an open-label, seven-day multiple-dose study
that mainly evaluated the pharmacokinetics of upadacitinib in
pediatric patients with pcJIA and was designed to allow for
dose adjustment, if needed, based on available pharmacoki-
netic and clinical data. Patients from three age groups (12 to
<18 years, 6 to <12 years, and 2 to <6 years) were enrolled in
a staggered approach and received either low or high doses
of upadacitinib (Figure 1). All patients who completed part
1 and were benefiting from study drug, per investigator judg-
ment, with no ongoing adverse events (AEs) of special interest
(AESIs) or serious adverse events (SAEs), based on investiga-
tor’s clinical judgment and with patient/family’s agreement,
had the option to enroll in part 2. Part 2 was an open-label
extension to evaluate the long-term safety and tolerability of
upadacitinib at the low-dose level. Part 3 was an additional
safety cohort including patients from all age groups (2 to
<18 years) and was added to further evaluate the long-term
safety and tolerability of the low dose of upadacitinib. Part 3 fol-
lowed the same visit schedule as in part 2 but without intensive
pharmacokinetic sampling. Patients in part 2 and part 3 were
followed up to week 156, with an option to continue upadaciti-
nib treatment beyond week 156 for patients who benefited
from treatment. Descriptive efficacy was collected throughout
all parts of the study.

Patients. Male and female pediatric patients aged 2 to
<18 years and weighing >10 kg with active pcJIA in =5 joints
(using the American College of Rheumatology [ACR] definition of
active joint [presence of swelling not due to deformity or presence
of limited motion with pain or tenderness])'" at the time of screen-
ing were eligible to participate in the study. Patients needed not to
have been diagnosed with enthesitis-related arthritis or juvenile
psoriatic arthritis (PsA). Permitted prior and facultatively con-
comitant therapy included stable doses of nonsteroidal anti-
inflammatory drugs (NSAIDs), low-dose glucocorticoids (<0.2
mg/kg/day prednisone; daily maximum, 10 mg), and methotrex-
ate (MTX; <20 mg/m? body surface area/week). Changes in the
doses, initiation, and discontinuation of glucocorticoids, MTX,
and NSAIDs were allowed during the study after the initial



586

BRUNNER ET AL

Part 3 (up to 3 years):
Long-term Safety and Tolerability

]
]
z Group 1 (n=9) i
£ Low Dose
g i Open-label Extension
@ | Low Dose
]
1
R ->
Part 1 (7 days): Part 2 (up to 3 years):
Pharmacokinetics, Safety, and Tolerability Long-term Safety and Tolerability
P Ty ey
1 1 rgE % .
| 2t0<18years ! Current Upadacitinib Dosing Scheme
R Body weight category
= Dose level 10 to < 20 kg 20 to <30 kg 2 30 kg
= 15 mg QD tablet
o) e (o = 70N 3mg BID 4 mg BID g
§ Additional S;fz%c(fsrgup (n=70) Low dose orakseltion srat saliticri (or ssr(‘)]gtisolr?) oral
30 mg QD tablet
High dose 6 mg BID §mg BID (or 12ng BID oral
oral solution oral solution solugllon)
€ ——— - >

Figure 1. Study design diagram and dosing regimens. Some patients who received the original doses in part 1 had dose adjustments in part
2 (because of dose revision). Patients in the >30 kg body weight category were given the option to receive the oral solution formulation if unable
to swallow the tablet. See Table S1 for original dosing regimens. BID, twice daily; QD, once daily.

pharmacokinetic assessment on study day 7, per local standard
of care and at investigator’s discretion. Prior bDMARDs had to
have been discontinued before study day 1 per specified wash-
out periods and were prohibited during the study. No prior
exposure to JAK inhibitors was permitted.

Study medication: dosing and formulation of
upadacitinib. Patients received either an immediate-release
(IR) twice-daily oral solution formulation or an extended-release
(ER) once-daily tablet formulation based on their body weight
and ability to swallow tablets. The original dosing regimen was
based on simulations using a previously developed population
pharmacokinetic model in adults and assuming typical allometric
scaling values of relevant pharmacokinetic parameters (ie, clear-
ance and volume of distribution).’® The low- and high-dose levels
were selected to provide comparable plasma exposures in pedi-
atric patients to the 15 mg and 30 mg once-daily ER tablets in
adult patients with RA, respectively. The original dosing regimens
are shown in Table S1. During the enrollment of group 3 in
December 2020, a preplanned analysis was conducted to evalu-
ate the available pharmacokinetic data collected from this study
and another phase 1 study in pediatric patients with atopic der-
matitis, which prompted revision of the original doses and body

weight categories. The revised dosing regimen is provided in
Figure 1.

Pharmacokinetic assessments. Blood samples for
measuring upadacitinib plasma concentrations were collected
into Ko EDTA-containing collection tubes in part 1 on day 7 for
once-daily tablet regimens before dosing (O hour) and at 0.5,
1,2,38,4,6,9, 12, and 24 hours after dosing and on day 7 for
twice-daily oral solution regimens before dosing (0 hour) and at
0.25,0.5, 1, 2, 4, 8, and 12 hours after dosing. Plasma concen-
trations of upadacitinib were determined using a validated liquid
chromatography method with tandem mass spectrometric
detection.® The lower limit of quantitation for upadacitinib was
0.05 ng/mL. Samples quantified below the lowest standard were
reported as zero.

Pharmacokinetic analysis of upadacitinib was performed
using noncompartmental methods in the Phoenix software
(Certara, version 8.3.4). The pharmacokinetic parameters deter-
mined for upadacitinib were maximum plasma concentration
(Crnax), time to maximum observed plasma concentration (Tmax),
area under the plasma concentration versus time curve during a
dosing interval (AUCy,) at steady state, apparent oral clearance
at steady state (CLg/F), and functional half-life (t1,2). Cmax and
Tmax Were determined directly from the plasma concentration-
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time data. Functional t4,, was calculated as In (2)/(IN(Cnax/Cirougn)/
tau), where tau is the dosing interval and Cyougn iS the observed
upadacitinib plasma concentration before the next dose. AUC4,
was calculated by the linear trapezoidal rule and represents
AUCq_o4 for once-daily regimens and AUCq_4» for twice-daily reg-
imens. For twice-daily regimens, AUCq_»4 was calculated by mul-
tiplying AUCq_4» by two. CLgg/F, where F is the bioavailability, was
calculated by dividing the administered dose by AUC,,,. In addi-
tion, bioavailability-adjusted ClLs/F (Adjusted ClLss/F) was calcu-
lated by multiplying CLs/F by 0.684 for once-daily regimens to
account for the difference in bioavailability between the ER tablet
and IR solution formulations. For twice-daily regimens, adjusted
CLss/F was reported as CLg/F without a change in value.

Efficacy assessments. Efficacy end points were reported as
observed by age group and overall, and descriptive analyses were
performed for parts 1 and 2 at week 12 and through week 48. Effi-
cacy end points included JIA ACR 30/50/70/90/100 responses,
change from baseline in Juvenile Arthritis Disease Activity Score
(JADAS) 27 based on measurement of C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR), and change from baseline
in individual JA ACR and JADAS components: total number of
active joints, defined as joints with swelling not due to deformity or
joints with limitation of movement (LOM) with pain, tenderness, or
both; number of joints with LOM; Childhood Health Assessment
Questionnaire (C-HAQ); Physician’s Global Assessment of Disease
Activity (visual analog scale [VAS]); Patient’'s/Caregiver’'s Global
Assessment of Overall Well-Being (VAS); ESR; and CRP.

Safety assessments. Safety evaluations performed during
the study included incidence of treatment-emergent AEs (TEAES),
physical examination results, and clinical laboratory testing
(hematology and chemistry). An AE with an onset date after the
first dose of study drug and no more than 30 days after the last
dose of study drug was defined as a TEAE. AEs were summa-
rized by system organ class and preferred terms according to
the Medical Dictionary for Regulatory Activities (MedDRA) (version
25.0). Patients reporting more than one AE for a given MedDRA
preferred term were counted only once for that term. For assess-
ing the severity of AEs, investigators classified TEAEs according
to the NCI CTCAE version 5.0. AESIs were selected based on
safety information reported for other JAK inhibitor products and
upadacitinib data from preclinical studies and the adult RA devel-
opment program. The AESI categories were identified per Stan-
dardised MedDRA Queries and Custom MedDRA Queries
(SMQs/CMQs) or by MedDRA Preferred Terms.

Statistical analyses. Pharmacokinetic parameters of upa-
dacitinib, determined based on data collected on day 7 in part
1, were summarized descriptively by age group, dose level, and for-
mulation. Sample size was based on pharmacokinetic requirements
in which complete data from 9 patients per dose level in age group

12 to <18 years and 18 patients in each of the age groups 6 to
<12 years or 2 to <6 years would yield a 95% confidence interval
within 60% and 140% of the geometric mean estimates of CL/F
with at least 84.6% power, assuming 37% coefficient of variation
for CL/F variability. The sample size in the additional safety cohort
added in a protocol amendment was not based on statistical con-
siderations, but on the need to collect additional long-term safety
data for upadacitinib in pcdlA. Efficacy end points were reported
using observed data (ie, without imputation of missing values). Al
end points are presented with descriptive statistics for overall
patients and age groups at week 12 and through week 48. All
patients enrolled into parts 1 and 2 who received at least one dose
of upadacitinib were included in the efficacy analyses. For efficacy
analyses, patients enrolled into part 3 were not included in the anal-
yses because of their limited time on the study at the time of the
data cutoff; for patients enrolled in parts 1 and 2, efficacy results
were presented up to week 48 through the data cutoff date of
September 22, 2022. All patients who received at least one dose
of upadacitinib were included in the safety analyses. Safety data
were summarized descriptively for overall patients and by age
groups using all available safety data through the data cutoff date.

RESULTS

Patients and disposition. Enroliment for this study began
July 4, 2019, and is ongoing. As of the interim data cutoff date of
September 22, 2022, part 1 had been completed (n = 51) with all
patients continuing to part 2, and six additional patients were
enrolled in part 3. Part 2 and part 3 are ongoing. Among the
57 patients enrolled, 8 patients (14.0%) discontinued the study
(see Figure S1). A summary of the patient demographics and dis-
ease characteristics for the study population is provided in Table 1
(see also Table S2 for data by group). The majority of enrolled
patients were female (45/57, 78.9%) and had RF-negative polyar-
ticular JIA (42/57, 73.7%). The enrolled patients were between
2 and 17 years old, with a mean disease duration of 3 years. At
baseline, 23 (40.4%) patients received methotrexate, 11 (19.3%)
patients received oral glucocorticoids, and 14 (24.6%) patients
reported prior use of bODMARDs.

Pharmacokinetics. The mean plasma concentration-time
profiles are presented in Figure 2 by dose level and formulations
compared to adult reference profiles simulated based on pharma-
cokinetic analyses of upadacitinib data in phase 3 RA studies.'? A
summary of the pharmacokinetic parameters of upadacitinib at
steady state (ie, on day 7) after administration of upadacitinib in
patients enrolled in part 1 is provided in Table 2. During the pharma-
cokinetic assessment, 13 patients in group 3 and 12 patients in
group 4 received revised doses (Figure 1), and all other patients
received the original doses (Table S1). Upadacitinib Crax was
reached within approximately three hours and one hour after the
administration of the ER tablet and the IR oral solution formulations,
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Table 1. Baseline demographics and disease characteristics of the
participants*

Demographics All patients (N = 57)

Female, n (%) 45 (78.9)
Age, years, mean + SD (range) 9.5+441(2-17)
White, n (%) 55 (96.5)

Weight, kg, mean + SD (range) 38.05 + 20.380 (11.0-92.9)

pdJIA type, n (%)

Extended oligoarticular JIA 7(12.3)
RF-negative polyarticular JIA 42 (73.7)
RF-positive polyarticular JIA 7(12.3)

Systemic JIA with active arthritis and 1(1.8)
without active systemic features
Duration of pgJIA diagnosis, y,
mean + SD (range)
Active joints, mean + SD (range)

2.959 £ 3.3387 (0.05-13.23)

11.1+£7.74 (5-48)

C-HAQ 1.047 + 0.7746 (0.00-2.88)
CRP (mg/L) 9.11 +£18.958 (0.2-92.3)
ESR? 19.5+19.02 (2-94)

Oral glucocorticoids, n (%)
Methotrexate, n (%) 23 (40.4)
Prior exposure to bDMARDs 14 (24.6)

* bDMARD, biologic disease-modifying antirheumatic drug; C-HAQ,
Childhood Health Assessment Questionnaire; CRP, C-reactive pro-
tein (normal range <2.87 mg/L); ESR, erythrocyte sedimentation rate
(normal range 3-15 mm/h); JIA, juvenile idiopathic arthritis; pcJIA,
polyarticular-course juvenile idiopathic arthritis; RF, rheumatoid
factor.

an=53,

b Of these 14 patients, 10 patients were exposed to 3 prior
bDMARDs, 3 patients were exposed to 2 prior bDMARDs, and 1
patient was exposed to 1 prior bDMARD. Prior bDMARDs included
tumor necrosis factor inhibitors, abatacept, and tocilizumab.

11(19.3)

respectively. Upadacitinib functional t;, was approximately five
hours within a once-daily dosing interval for the ER tablet and two
hours within a twice-daily dosing interval for the IR solution.

Efficacy. Up to the data cutoff date, 50 of 51 patients from
parts 1 and 2 had efficacy results available at week 12, and
37 patients had efficacy results available through week 48. A
summary of the JIA ACR 30/70 responses, C-HAQ, and JADAS
27-CRP at week 12 is presented in Figure 3. Overall, the percent-
ages of patients in parts 1 and 2 who achieved JIA ACR 30, 50,
70, 90, and 100 response at week 12 were 91.8%, 89.8%,
69.4%, 49.0%, and 32.7%, respectively. The two younger age
groups (2 to <6 years and 6 to <12 years) had similar improve-
ments in JIA ACR responses, and the oldest age group (12 to
<18 years) had numerically lower rates of JIA ACR responses
compared with the younger age groups without statistical signifi-
cance. Response to upadacitinib was rapid, with 61.2% of
patients achieving JIA ACR 30 as early as week 1. JIA ACR
responses continued to improve at week 24 and were gener-
ally maintained through week 48 (Figure S2). Additional key
efficacy measurements, including C-HAQ, total number of
active joints, Physician’s Global Assessment of Disease Activ-
ity (VAS), Patient/Parent Global Assessment of Overall Well-
Being (VAS), JADAS 27-CRP, and JADAS 27-ESR are

summarized in Table S3. Across these efficacy measures at
week 12, improvement from baseline was observed in all age
groups, and changes from baseline were consistent among
the age groups. Changes in JADAS 27-ESR were similar to
those for JADAS 27-CRP. Twenty-nine of 50 patients (58%)
achieved JADAS 27-CRP <3.8, and 16 of 50 patients (32%)
achieved JADAS 27-CRP <1 at week 12. The proportions of
patients achieving these responses further increased at week
24 and were generally maintained through week 48 (Figure S2).

Safety. All AEs reported herein were treatment emergent. A
summary of TEAEs through the cutoff date for this report is pre-
sented in Table 3. The median exposure time for the study drug
(n=57) was 412 days.

In part 1, eight patients (8 of 51, 15.7%) reported TEAES, and
no TEAEs were reported in more than one patient, except for
headache, which was reported in two patients. No TEAEs were
severe; the majority were reported as mild in severity. There
were no TEAEs that led to study drug discontinuation, no AESIs,
and no SAEs in part 1.

In parts 2 and 3, 52 of 57 patients (91.2%) reported TEAEsS,
with the highest proportion of reported TEAES occurring in age
group 12 to <18 years (19 of 19, 100%). The most frequently
reported TEAEs (=5 patients in any age group) were COVID-19
(28 of 57, 40.4%), upper respiratory tract infection (23 of
57, 40.4%), nasopharyngitis (13 of 57, 22.8%), pyrexia (10 of
57, 17.5%), abdominal pain (9 of 57, 15.8%), nausea (8 of
57, 14.0%), and arthralgia (5 of 57, 8.8%). The majority of TEAEs
were mild or moderate in severity. Six patients (6 of 57, 10.5%)
reported 12 SAEs, and two patients (2 of 57, 3.5%) reported
TEAEs that led to study drug discontinuation; all were in the age
group 12 to <18 years. The SAEs reported in more than one
patient were abdominal pain (2 of 57, 3.5%) and nausea (2 of
57, 3.5%). SAEs considered by the investigator to have a reason-
able possibility of being related to upadacitinib included upper
respiratory tract infection, nausea, and conversion disorder. None
of the SAEs led to discontinuation of study drug. The two nonser-
ious TEAEs that led to study drug discontinuation included one
event of JIA and one event of nasopharyngitis.

Reported AESIs were infrequent overall, with elevated creatine
phosphokinase (CPK) and hepatic disorder being the most com-
mon (see Table 3). No AESIs were reported in part 1. As with overall
TEAEs, rates of AESIs were higher in the older patient groups. Ele-
vated CPK was asymptomatic in all patients. In part 2, serious and
opportunistic infections, excluding tuberculosis and herpes zoster,
included a single reported TEAE of upper respiratory tract infection
in one patient that led to hospitalization and a single reported TEAE
of esophageal candidiasis in one patient, respectively. Both were
moderate in severity and resolved. Both events occurred on upada-
citinib monotherapy, without concomitant use of other immunosup-
pressives. Single reported TEAEs of hepatic disorder included
hepatosplenomegaly (with no elevated liver enzymes; moderate) in



UPADACITINIB IN POLYARTICULAR-COURSE JIA

589

Low Dose Low Dose
IR BID Formulation ER QD Formulation
100 1 1004
10+ o 10+
11 14
0 4 8 12 16 20 24 0 4 8 12 16 20 24
High Dose

ER QD Formulation

Upadacitinib Plasma Concentration
(ng/mL)

0 4 8 12 16 20

24

—8— Group 1: Age 12 to <18 years (n=9)

_ Group 3: Age 6 to <12 years
with BID Solution (n=7)

Group 3: Age 6 to <12 years
with QD Tablet (n=12)

- Group 4: Age 2 to <6 years (n=12)

—8— Group 2: Age 12 to <18 years (n=9)

-=-- Adult RA Reference

Time (hour) After Dosing on Day 7

Figure 2. Mean + SD upadacitinib concentration-time profiles by group and dosing regimen (part 1). Adult RA reference represents median
(dashed line) and (5th, 95th) percentiles (shaded area) of upadacitinio model-predicted plasma concentrations in adult patients with RA after
administration of QD tablets. These reference pharmacokinetic profiles were simulated using a previously developed model for patients with
RA.'2 The symbols with decreased opacity (over 12 to 24 hours) for the IR BID regimens are replicated from the observed data (over 0 to 12 hours)
to account for difference in dosing frequency between the BID oral solution and QD tablet formulations. BID, twice-daily; ER, extended-release; IR,
immediate-release; QD, once-daily; RA, rheumatoid arthritis; SD, standard deviation.

one patient and both alanine transaminase and aspartate amino-
transferase increased in two patients (both mild for one patient
and both severe for the other patient; see Table 3). All hepatic disor-
der events resolved, and none of the events were considered seri-
ous. The event of hepatosplenomegaly was attributed to patient’s
history of adipositas. AESIs of anemia, neutropenia, and lymphope-
nia were also reported; all were mild or moderate in severity. No
patients had AESIs of malignancy, nonmelanoma skin cancer, gas-
trointestinal perforation, renal dysfunction, active tuberculosis, adju-
dicated major adverse cardiac cardiovascular events, or venous
thromboembolisms during the study. There were no patients with
a history of uveitis, and no uveitis events occurred during the study.
No deaths were reported during the study.

DISCUSSION

In this open-label phase 1 study, upadacitinib administered
as a fixed dose per body weight category was efficacious and well
tolerated in pediatric patients with pcJlA. The observed

upadacitinib pharmacokinetics in pediatric patients with pcJIA
for the once-daily regimen using the ER formulation and the
twice-daily regimen using the IR formulation were consistent with
the characterized upadacitinib pharmacokinetics in adults for the
respective formulations.®'* This study provided key information
that supported approval of upadacitinib by the US Food and Drug
Administration for the treatment of polyarticular JIA (pJIA) and
pediatric PsA based on characterization of pharmacokinetics in
pediatrics and extrapolation of upadacitinib efficacy from the
respective adult populations.'®1°

The original dosing regimen of upadacitinib was selected
by leveraging pharmacokinetic data of upadacitinib in adult
patients with RA and allometric scaling of clearance and vol-
ume of distribution based on body weight, with a goal of
achieving upadacitinib exposures in patients with pcJIA similar
to the exposures that were shown to be optimal in adult
patients with RA. In this study, a preliminary population phar-
macokinetic analysis indicated that the apparent oral clearance
of upadacitinib in pediatric patients was underestimated when
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Table 2. Pharmacokinetic parameters of upadacitinib by study group and dosing regimen, part 1*

Group 3: low dose, age 6-<12y

Group 1:low dose,  Group 2: high dose, Group 4: low dose,

Pharmacokinetic age 12-<18y, age 12-<18y, QD tablet BID solution Combined?® age 2-<6y, BID
parameters (units) QD tablet (n =9) QD tablet (n =9) (n=12) (n=7) (n=19) solution (n = 12)°
Crax (ng/mL) 35 1(37.2,35) 69 8(71.2,19) 46 9(52.3, 46) 58 9(62.5 35) 51.0(56.1,41) 46 6 (55.8, 56)
Trmax_ (D) 0(1.0-6.0) 0 (2.0-6.0) 0(1.0-6.0)° 0(0.5-1.0) - 0(0.5-2.0)
Functional t;,,° (h) 5. 53 (1.77) 4 79 (1.12) 5. 20 (0.949) 2. 39 (0.277) - 2. 33 (0.351)8
AUCy (g h/mL) 269 (282, 32)f 553 (572, 26) 318(351, 41)° 198 (209, 36) - 184 (217, 61)8
AUCy_o4" (ng h/mL) 269 (282, 32)f 553 (572, 26) 318(351,41)°  397(417,36) 346 (377, 38) 369 (433, 61)5
Clss/F (L/N) 55.7 (58.2, 32)f 46.5 (49, 38) 416(46.7,67)%  19.7(20.2, 25) - 15.0 (16.8, 49)%
CL/F adjusted’ (L/h) 38.1(39.8, 32 31.8(33.5,38) 28.5(32.0,67)% 19.7(20.2,25) 24.7(27.4,65) 15.0 (16.8, 49)®

* Values are presented as geometric mean (arithmetic mean, % CV) unless otherwise specified. AE, adverse event; AUC, area under the plasma
concentration-time curve from time 0 to 24 hours (AUCq_»4) Or over a dose interval (AUC,,); BID, twice-daily; Chax, maximal plasma concentra-
tion; CLss/F, apparent oral clearance at steady state; CLss/F_adjusted, CLss/F adjusted for bioavailability; CV, coefficient of variation; ER,
extended-release; functional ty,,, functional half-life; IR, immediate-release; QD, once-daily; SD, standard deviation; Tmax time to maximal
plasma concentration.
2 Crnaxe AUCo_24, and CLgs/F_adjusted of the ER tablet and IR oral solution formulations are combined and summarized together for group 3.
P One patient was excluded for receiving an incorrect dose during the entire part 1 period, and another patient that did not receive a dose on
day 7 due to an AE of vomiting was also excluded.
Z Median (minimum through maximum).

n=11.
¢ Harmonic mean (pseudo-SD).
fo =

n=38.
&n=10.
f‘ For QD tablet, AUCqy_»4 = AUC,y,; for BID oral solution, AUCy_p4 = AUCy, X 2.
'n=18.
I CLss/F adjusted for the difference in bioavailability between formulations. For QD tablet, CLss/F_adjusted = 0.684 x CL¢/F; for BID oral solution,
CLss/F_adjusted = CLgs/F.
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s . 76.5 - . "
S 100 = 100 o
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iﬁ 80 %. 80 ge 2to < 6 years
.;;_' 60 < 60+ ¥ Age 6 to < 12 years
.‘g 40- g 404 B Age 12 to < 18 years
% 20- % 20- ¥ Overall
. a4
n= 13 19 17 49 n= 13 19 17 49
C-HAQ JADAS-27 [CRP]
] @
' G o
O x O
<8 ‘ =3
8= T 8=
5 °
= 2
= 13 19 18 50 = 13 19 15 47

Figure 3. Interim analysis of efficacy data across all age groups (as observed) of upadacitinib at week 12 (parts 1 and 2). JIA ACR 30/70 indicate
a30% and 70% improvement from baseline, respectively, in three of six variables of JIA. Negative change from baseline indicates improvement in
health or disease activity for C-HAQ and JADAS-27 [CRP]. ACR, American College of Rheumatology; C-HAQ, Childhood Health Assessment
Questionnaire; CFB, change from baseline; JADAS-27 [CRP], Juvenile Arthritis Disease Activity Score based on C-reactive protein; JIA, juvenile
idiopathic arthritis; 95% ClI, 95% confidence interval.
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Table 3. Safety interim analysis of upadacitinib up to 156 weeks for all patients treated in parts 1, 2, and 3*
Patients with TEAE, n (%)

Age 2 to <6 years, Age6to<12years, Age 12to<18years, Total,

TEAE n=14 n=24 n=19 n=57
Any AE 12 (85.7) 22 (91.7) 19 (100) 52(91.2)
Any serious AE 0 0 6(31.6) 6(10.5)
Treatment-related AE 2 (14.3) 8(33.3) 11 (57.9) 21(36.8)
AE leading to discontinuation 0 0 2(10.5) 2(3.5)
of study drug
Deaths 0 0 0 0

AEs of special interest®

Serious infections 0 0 1(5.3)° 1(1.8)°
Opportunistic infection 0 0 1(5.3) 1(1.8)°
Hepatic disorder 0 2(83) 1 (5.3)¢ 3(53)°
Anemia 1(7.7) 0 0 1(1.8)
Neutropenia 0 2(8.3) 0 2(3.5)
Lymphopenia 0 0 1(5.3) 1(1.8)
Elevated creatine phosphokinase 0 3(12.5) 3(15.8) 6 (10.5)

* ATEAE is defined as an adverse event with an onset date that is after the first dose of study drug, and no more
than 30 days after the last dose of study drug. Opportunistic infections excluded tuberculosis, herpes zoster, ane-
mia, and lymphopenia. Data cutoff date of September 22, 2022. AE, adverse event; MACE, major adverse cardiovas-
cular event; TEAE, treatment-emergent adverse event.

@ Other AEs of special interest included herpes zoster, active tuberculosis, malignancy (all types), adjudicated gas-
trointestinal perforations, renal dysfunction, adjudicated cardiovascular events (eg, MACE), and adjudicated
embolic and thrombotic events (noncardiac, noncentral nervous system). None of these events were observed in

the study.
b Upper respiratory tract infection.
¢ Candida esophagitis infection.

9 One hepatosplenomegaly event, two high aspartate aminotransferase events, and two high alanine transaminase
events. These events were transient, and patients fully recovered.

an estimate of upadacitinib clearance from adult patients with
RA with a typical exponent of 0.75 was used to describe the
relationship between body weight and clearance. Accordingly,
arevised dosing regimen was developed and used in the youn-
ger pediatric patients (the majority of the 6 to <12 years and
2 to <6 years groups) to enable the attainment of upadacitinib
exposures comparable with the target exposures in adults with
RA. Based on previous analyses, the median (5th-95th per-
centile) upadacitinib AUC at steady state in adult patients with
RA in phase 3 trials was 358 (234-701) and 708 (466-1,332)
ng h/mL after daily administration of 15 mg and 30 mg ER tab-
lets, respectively.'” Compared with the target median adult
exposure (AUCq_24), the relative median upadacitinib AUCq_o4
within each group in this study ranged from ~0.77 to 1.07
(Table S5). In the younger pediatric patients, for whom the
majority received revised doses, the observed upadacitinib
exposures were nearly identical to the target exposures in adult
patients with a ratio of 1.01.

In this study, an IR twice-daily oral solution formulation
was used for patients with lower body weight (ie, <30 kg) or
unable to swallow tablets. Despite distinct pharmacokinetic
profiles due to different dosing frequency, the twice-daily oral
solution is expected to provide similar efficacy in pcJIA relative
to the once-daily tablet if similar upadacitinib AUCy_54 can be
achieved. This is supported by previously conducted
exposure-response analyses of key efficacy end points in

adult patients with RA, for whom a model developed based
on data from a twice-daily capsule formulation in phase 2 stud-
ies successfully predicted the observed efficacy of the once-
daily tablet formulation in phase 3 studies.'® The analyses
showed that the upadacitinib twice-daily IR and once-daily
ER regimens providing similar AUCq_o4 were predicted to
achieve similar efficacy responses. Notably, the limited impact
of short-term drug concentration fluctuation on clinical out-
come in RA has also been demonstrated in another JAK inhib-
itor, tofacitinib, where exposure-response analyses of clinical
and nonclinical data suggested that daily AUC is more corre-
lated with clinical response’® than minimum or maximum daily
concentration.

Based on the descriptive analyses of efficacy end points,
improvements in measures of pcJIA disease activity, pain, func-
tion, and overall well-being were observed after administration of
upadacitinib at week 12 in this study and were generally maintained
through week 48. Improvements with upadacitinib were observed
across the evaluated age groups, which included patients with
pcdlA ages 2 to <18 years old, with numerically higher response
rates in patients ages 2 to <12 years than those 12 to <18 years.
Notably, most patients in the oldest age group had longer disease
duration and more prior b(DMARD exposure, which may be associ-
ated with numerically lower response rates (Table S4). In com-
parison, most patients in the younger age groups had shorter
disease duration and less or no prior bDMARD exposure (Table 1).
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There were no patients with a history of uveitis, and no uvettis
events occurred during the study. The safety profile of upadacitinib
in pediatric patients with pcJIA was generally consistent with the
currently known safety profile of upadacitinib in adults and adoles-
cents with inflammatory conditions.

The descriptive summary of efficacy of upadacitinib in
patients with pcJIA can be contextualized with results reported
by other JAK inhibitor trials. Tofacitinib and baricitinib have
demonstrated efficacy for treatment of pcJIA in phase 3 studies
with double-masked withdrawal designs.®® Before the
double-masked period of these phase 3 studies, there was a
run-in period during which patients received study drugs in an
open-label manner, which was similar to our open-label study.
At the end of the run-in period, tofacitinib and baricitinib
achieved JIA ACR 30, 50, and 70 responses of 77%, 70%,
and 51% at week 18 and 76%, 64%, and 46% at week
12, respectively. In our study, numerically higher responses
were observed, although the sample size for this analysis was
relatively small. Of note, prior exposure to conventional syn-
thetic DMARDs and bDMARDs may differ and limit comparison
of the results across studies.

This study has several limitations. The primary objective of
this open-label, nonrandomized phase 1 study was the
assessment of pharmacokinetics and safety as well as
descriptive analyses of efficacy. Thus, it was not set up to gen-
erate direct comparative information against other active ther-
apies for pcdlA or placebo. Additionally, the number of
patients enrolled is relatively small, which may not allow robust
conclusions on safety. However, the results from this study,
along with the extensive safety data available for upadacitinib,
demonstrated consistency of the upadacitinib safety profile
between pediatric patients and adults and encouraged the
recent regulatory approvals of upadacitinib in the treatment
of pJIA and pediatric PsA."® Of note, a long-term safety regis-
try study, as well as longer-term data from the current study,
will help further inform upadacitinib safety in pcJIA. Another
limitation of this study is that there was a dose revision during
the study that may potentially confound the study outcome.
The decision for dose revision was made based on a pre-
planned analysis of available pharmacokinetic data collected
from this study and another phase 1 study in pediatric patients
with atopic dermatitis. The dose revision was implemented to
ensure the attainment of sufficient upadacitinib exposure in
pediatric patients, which was reflected by the higher observed
exposures in the two younger groups (Figure 2).

Upadacitinib was well tolerated and efficacious in patients
with pcJIA across all age groups (age 2 to <18 years) with plasma
exposures comparable to adult patients with RA at the evaluated
dosing regimens. No new safety risks were observed in patients
with pcdlA, and the benefit-risk profile of upadacitinib was
assessed as favorable based on the safety and efficacy outcomes
of the study to date.
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Relationship Between Number of Different Lower-Limb
Resistance Exercises Prescribed in a Program and Exercise
Outcomes in People With Knee Osteoarthritis: A Systematic
Review With Meta-Regression
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Objective. We determine whether there is a relationship between the number of different lower-limb resistance
exercises prescribed in a program and outcomes for people with knee osteoarthritis.

Methods. We used a systematic review with meta-regression. We searched the Cochrane Central Register of
Controlled Trials, MEDLINE, and Embase up to January 4, 2024. We included randomized controlled trials that evalu-
ated land-based resistance exercise for knee osteoarthritis compared with nonexercise interventions. We conducted
meta-regressions between number of different exercises prescribed and standardized mean differences (SMDs) for
pain and function. Covariates (intervention duration, frequency per week, use of resistance exercise machine[s], and
comparator type) were applied to attempt to reduce between-study heterogeneity.

Results. Forty-four trials (3,364 participants) were included. The number of resistance exercises ranged from 1 to
12 (mean + SD 5.0 = 3.0). Meta-regression showed no relationship between the number of prescribed exercises and
change in pain (slope coefficient: —0.04 SMD units [95% confidence interval {95% CI} —0.14 to 0.05]) or self-reported
function (SMD -0.04 [95% CI -0.12 to 0.05]). There was substantial heterogeneity and evidence of publication bias.
However, even after removing 31 trials that had overall unclear/high risk of bias, there was no change in relationships.

Conclusion. There was no relationship between the number of different lower-limb resistance exercises prescribed
in a program and change in knee pain or self-reported function. However, given that we were unable to account for all
differences in program intensity, progression, and adherence, as well as the heterogeneity and overall low quality of

included studies, our results should be interpreted with caution.

INTRODUCTION

Knee osteoarthritis (OA) affects >654 milion people aged
>40 years worldwide." All current clinical guidelines advocate exer-
cise for management of knee OA, irrespective of age, comorbidity,
pain severity, or disabilty.>® Although numerous systematic
reviews support the effectiveness of exercise for knee OA, effect
sizes are small to moderate and decline over time.”® New ways of
enhancing the effectiveness of exercise are needed, such as by
identifying the optimal content and dosage of exercise programs.
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Muscle weakness is common in people with OA, often evi-
dent in muscles surrounding the affected joint,%~'" and is associ-
ated with pain and physical dysfunction.'? Improving muscle
strength via resistance training is therefore a common focus of
exercise for knee OA management and is hypothesized to be
one of the mechanisms by which exercise leads to improvements
in symptoms.'®>'® The American College of Sports Medicine
(ACSM) provides specific recommendations for prescription of
resistance exercise programs for people with arthritis, including
the frequency, intensity, and duration of the programf7 However,
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SIGNIFICANCE & INNOVATIONS

+ Although numerous systematic reviews support the
effectiveness of exercise for knee osteoarthritis
(OA), effect sizes are small to moderate and decline
over time. New ways of enhancing the effectiveness
of exercise are needed, such as by identifying the
optimal content and dosage of exercise programs.
One element of resistance exercise dosage that
has not yet been evaluated before in OA is the num-
ber of different prescribed lower-limb resistance
exercises.

+ We found that there was no evidence of a relation-
ship between the number of prescribed exercises
and change in pain or self-reported function.

+ However, there was substantial heterogeneity and
evidence of publication bias, and many included tri-
als were of low quality. As such, our results should
be interpreted with caution.

systematic reviews and randomized controlled trials (RCTs) have
found that the effects of exercise on OA symptoms are similar
across different dosages,®2° and thus, no optimal dosage has
yet been established. Recently, the 2023 EULAR recommenda-
tions for management of hip and knee OA highlighted optimal
dosage of exercise as a research priority.®

One element of resistance exercise dosage that has not yet
been evaluated in an RCT or systematic review in OA is the num-
ber of different prescribed lower-limb resistance exercises. The
ACSM guidelines recommend that resistance exercise programs
target all major muscle groups,” although no specific guidance
is provided as to the number of different exercises that should
be included. It is possible that a program that includes multiple
exercises, targeting multiple different muscle groups, may lead
to greater improvements in symptoms than a program that com-
prises fewer exercises. However, it is also plausible that a pro-
gram with fewer different resistance exercises may be less
burdensome, be perceived by people as being easier to
undertake,®*?’ and potentially promote better long-term
engagement and therefore greater benefits on symptoms.
Indeed, research outside of OA has suggested that brief, simple
‘minimal-dose’ resistance exercise programs are effective at
increasing muscle mass and improving function.?#2® Thus, the
objective of this systematic review was to evaluate whether there
is a relationship between the number of different lower-limb resis-
tance exercises prescribed to people with knee OA and improve-
ments in pain and self-reported function.

METHODS

This review used data extracted as part of our updated
Cochrane Systematic Review evaluating the effectiveness of
land-based exercise for knee OA.%° Our approach follows the

Cochrane Handbook for Systematic Reviews of Interventions.*°
This manuscript is written in accordance with the PRISMA
(Preferred Reporting ltems for Systematic reviews and Meta-
Analyses) statement.®' Data are available upon reasonable
request to corresponding author.

Literature search. We searched three databases
(MEDLINE OvidSP, Embase OvidSP, and the Cochrane Central
Register of Controlled Trials [CENTRAL]) from inception to
January 4, 2024. No language restrictions were applied. The
search strategy is shown in Supplementary Material S1. Gray liter-
ature was not searched.

Eligibility criteria. We included RCTs involving adults with
an established diagnosis of knee OA according to accepted clini-
cal criteria®®23® or who self-reported knee OA on the basis of
chronic joint pain (with or without radiographic confirmation). We
also included trials that included participants with OA in other
joints, provided that the outcomes for people with knee OA were
presented separately (or could be obtained from the trial authors),
or if >80% of participants in the trial had knee OA. Eligible RCTs
were required to include assessment of self-reported knee pain
severity and/or function.

We included any land-based resistance exercise regimens.
Eligible interventions were required to clearly report the number
of different resistance exercises prescribed in the program.
Exercise interventions that combined resistance exercise with
any other type of exercise (eg, aerobic, balance) were not eligible.
The only nonresistance exercise permitted in an eligible interven-
tion was in a warm-up or warm-down. Eligible exercise interven-
tions could incorporate education and/or behavior change
strategies designed to help participants adhere to the exercise
program (eg, information about benefits of exercise, short-
message services or mobile app to maximize adherence), could
be supervised or unsupervised, and could include other nonexer-
cise co-interventions alongside the exercise intervention, as long
as these co-interventions were permitted/provided similarly in
any comparator groups. Exercise interventions were ineligible if
they were perioperative (ie, specifically recruited all participants
from surgical waiting lists and/or evaluated outcomes postsur-
gery), included whole-body vibration, or included any other type
of exercise that was not resistance-based strengthening (eg, aer-
obic, balance, neuromuscular).

Comparator groups eligible for inclusion were the following:

e Placebo, sham, or attention control (any intervention that
was designed to control for contextual/placebo effects
and described by the authors as ‘placebo’ or ‘sham,’
and/or an ‘attention control’” involving more than one bout
of synchronous interaction with study personnel/care pro-
vider [excluding contact to obtain outcome measures]).
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e No treatment (no defined allocated intervention), usual
care (stated that participants could receive normal care,
but not controlled by the trial), or minimal education/
information (provided with a one-off information resource).

* Any nonexercise nonsurgical intervention that was also
offered/provided equally as a co-intervention in the exer-
cise group (eg, weight loss, manual therapy, insoles/foot-
wear, pain coping skills, physical therapy that does not
include an exercise component).

Study selection. Teams of two review authors indepen-
dently screened titles and abstracts for inclusion. We retrieved
the full-text study reports/publication of any study that either of
the two reviewers considered potentially eligible. Two review
authors independently screened the full text and identified studies
for inclusion. If agreement was not achieved at any stage, a third
review author (BJL or MH) adjudicated.

Quality assessment. The Cochrane Collaboration’s Risk
of Bias 1 tool for assessing risk of bias in RCTs was used to
assess potential bias.>* Two authors (BJL and MH) independently
assessed risk of bias for each included study. Disagreements
were resolved through discussion or by involving another review
author. The following risk of bias domains were assessed as ade-
quate (low risk of bias), inadequate (high risk of bias), or unclear
(insufficient information): random sequence generation (selection
bias), allocation concealment (selection bias), masking of partici-
pants and personnel (performance bias), masking of outcome
assessment (detection bias), incomplete outcome data (attrition
bias), and selective outcome reporting (reporting bias).

Data collection. Teams of two review authors indepen-
dently extracted outcome data from included studies using a data
collection form in Covidence, which was pilot tested on at least
two eligible studies. Disagreements were resolved by consensus
or by involving a third review author. We extracted data relating
to study participants (number randomized to each group, mean
age, percentage who were female, diagnostic criteria, and body
mass index [BMI]), comparison and exercise interventions, and
outcomes of pain and self-reported function.

We extracted the total number of different lower-limb resis-
tance exercises prescribed in a single-exercise program. If a
range of different resistance exercises were prescribed either
within a single session or across the intervention, the average
was calculated and used for meta-analysis and meta-regression.

For outcomes of pain and self-reported function, we
extracted means and SDs. When authors used more than one
pain or self-reported function outcome, we used the hierarchy of
outcomes used in the prior Cochrane review of exercise for knee
OA.” Outcomes were assessed immediately at the end of the
treatment (post-treatment). When trialists reported both end
score and change from baseline values for the same outcome,

we extracted the end score values. We extracted intention-
to-treat (ITT)—analyzed data, if reported. We contacted investiga-
tors as needed to obtain missing outcome data (eg, when data
were not available for all participants). If no response from investi-
gators was received after two attempts (at least one month apart),
data were considered irretrievable. Where possible, we calculated
missing SDs from other statistics, such as standard errors, confi-
dence intervals, or P values, according to the methods recom-
mended in the Cochrane Handbook for Systematic Reviews.*®

Data analysis. We used the Cochrane Collaboration statis-
tical software, Review Manager,36 to calculate standardized mean
differences (SMDs) with 95% confidence intervals (95% Cls). We
entered data with a consistent direction of effect across studies
and calculated the SMD based on the number of patients ran-
domized at baseline. When multiple arms were reported in a sin-
gle trial, we included only the relevant arms. If a three-arm trial
was included (eg, resistance exercise A vs resistance exercise B
vs no intervention), the resistance exercise groups for that trial
were pooled to calculate the SMD.

We performed meta-regressions in SPSS (version 29, IBM
Statistics) to evaluate the relationship between number of different
resistance exercises prescribed and SMDs for pain and self-
reported function. Study heterogeneity was assessed using the
I° statistic. Because we anticipated heterogeneity in SMDs due
to differences in study characteristics, random-effects analyses
were used. We included a number of study-level covariates (cho-
sen based on theoretical plausibility and on precedents for other
exercise meta-regressions®’) in an attempt to reduce between-
study heterogeneity. These included (1) intervention duration,
(2) exercise frequency per week, (3) use (or not) of resistance
exercise machine(s), and (4) type of comparator (attention con-
trol/placebo, no treatment/usual care/limited education, or a co-
intervention that is also equally applied in the exercise group).
Other dosage variables (eg, intensity, number of sets and repeti-
tions), as well as information related to program adherence, were
considered but were poorly and inconsistently reported across
included trials (Supplementary Table S1) and as such were not
included as covariates in the main analysis. However, we con-
ducted sensitivity analyses to determine whether meta-
regressions differed when including a variable relating to exercise
volume for trials where that data were available (number of sets
x number of repetitions x frequency per week). We also ran
meta-regressions without any covariates and conducted addi-
tional sensitivity analyses to determine whether results from
meta-regressions differed when low-quality trials (those deemed
to be at unclear or high risk of bias, defined as having unclear/high
risk of bias on three or more of six bias domains) were excluded.
To examine publication bias, we conducted Egger’s regression
test®® and inspected funnel plots.

For completeness, we also conducted secondary meta-
analyses in which we subgrouped all studies by number of
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prescribed resistance exercises, allowing us to determine the
SMD in pain and self-reported function for each number of pre-
scribed exercises. We also conducted secondary meta-
regressions to examine whether effects differed based on pro-
gram supervision (entirely supervised vs mix of supervised and
unsupervised) and use of resistance machines (included any
machine-based exercises vs no machine-based exercises, where
‘machine’ was defined as a fixed resistance exercise machine
that targeted specific muscle groups).

RESULTS

Study selection. The literature search resulted in 10,314
articles, with 10,254 being screened on title and abstract after
removal of duplicates. After screening of 759 records in full text,
44 trials, with 3,206 participants, were included in the final
analyses (Figure 1).

c
o
= Records identified through Record§ removed before
2 database searching | screening:
b (n=10.314) Duplicate records removed
5 - (n=52)
k-]
'
Records screened Records excluded
—>
(n=10,254) (n =9,495)
Reports sought for retrieval Reports not retrieved
—
=] (n=759) (n=0)
c
o
o
: }
n
f{eports )assessed for eligibility Rep{é)zrzlst(rai:(l;gjg:t?a(cq :chiiz::ol o
n=759 > ) )
registry
253 did not include eligible
comparator
94 did not include eligible
exercise intervention
— 27 did not report pain or
function
— 23 were not an RCT
o 9 did not include people with
3 Eligible studies OA . .
= (n=44% 2 were perioperative
[=

Study characteristics. Supplementary Table S1 provides
an overview of the study characteristics. Participants were, on
average, 61.5 years old (SD 6.1; range, 49.9-71.8 years), with a
mean + SD BMI of 29.4 + 2.7 kg/m? (range, 23.3-34.3). The
proportion of women ranged from 40% to 100% (mean + SD
72% +17%). The mean + SD intervention duration was
11.5 + 11.1 weeks (range, 4-78 weeks). Fifteen trials (34%) used
resistance exercise machines.®*-°2 Nine trials (20%) compared
exercise with attention control/placebo.*'#646:20-53-87 Tyyenty tri-
als (45%) compared exercise with usual care, no intervention, or
limited education,39:40:42-44.48.49.52.88-69 Fiftaan trials (34%) com-
pared exercise with a co-intervention (that was also applied
equally in the exercise group).*”%""%"82 The mean = SD number
of prescribed lower-limb resistance exercises was 5.0 + 3.0
(range 1-12).

All but three trials (7%) reported pain.*>"5"® Twenty-four
studies (55%) measured pain using the Knee Injury and

Figure 1. Flowchart of RCTs included in the systematic review and meta-analysis. * Including an additional 17 trials from the prior version of the

Cochrane review. OA, osteoarthritis; RCT, randomized controlled trial.
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Figure 2. Risk of bias of included trials. Color figure can be viewed in the online issue, which is available at http://onlineliorary.wiley.com/doi/10.

1002/acr.25476/abstract.

Osteoarthritis Outcome Score (KOOS) or Western Ontario and
McMaster Universities Arthritis Index (WOMAQC).40-4144-46:51-
53,569,61,63,65,67-69,72,74,76-80,82,83 Fifteen studies (34%) measured
pain using a visual analog scale (VAS) or numeric analog scale
(NRS).39,43,47,48,50,54,56—58,60,62,64,70,71,73 One study (2%) used a
Likert scale,®® one (2%) used the Lequesne index,®® and one
(2%) used the Osteoarthritis Screening Index (OASI).*°

All but five trials (11%) reported function. 5257646671 Thijrty.-
two studies (73%) measured self-reported function using the
KOOS Activities of Daily Living or WOMAC function subscale.**
48,61-54,58,59,61-63,65,68-70,72-79,81,82 One study (2%) used a 1 to
6 scale,®® one (2%) used VAS/NRS,®° one (2%) used the
Lequesne index,*® one (2%) used the OASI,*® one (2%) used a
patient-specific functional scale,®° and one (2%) used the Short
Form Survey (SF-36).°°

Risk of bias. Figure 2 displays the risk of bias across
included trials. Sixteen studies (36%) adequately generated a
random sequence and concealed the sequence until allocation;
thus, we considered these studies at low risk of selection
bias.39’41’43’44’50’52’53’55’57’58’61’65’68’71’73’74 Two studies (5%)
adequately masked participants and investigators to their
treatment by using limited disclosure and/or an adequate com-
parison intervention that enabled masking.®®"2 Thus, we con-
sidered these studies at low risk of performance bias. Attrition
bias was not likely in 19 studies (43%) because the number
of dropouts was small (<20%) and consistent across
interventions and/or authors used ITT analyses.*'™#446
47,563,565,57,58,60,63-65,68,70,71,77,82 Reporting bias was unlikely
in 11 studies (25%) because these were prospectively regis-

tered and results for all registered outcomes were
reported.40'46’52'54'57‘59'61’65'80'81

Relationship between number of different
prescribed resistance exercises and pain. Meta-regression
showed there was no evidence of a relationship between number
of prescribed lower-limb resistance exercises and change in pain
(slope coefficient: —0.04 SMD units [95% Cl -0.14 to 0.05];
P = 0.36; Figure 3). However, there was substantial heterogeneity
(1> = 97%). After removing 31 trials (70%) with unclear or high overall

risk of biaS’39,4O,42,45,47—51 ,54,66,59,60,62-64,66.67,70,72-82 there was stil

no evidence of a relationship (SMD -0.01 [95% CI —0.07 to 0.06];
P = 0.82; > = 12%; Supplementary Figure S1). Supplementary
Table S2 and Supplementary Figure S2 report meta-analysis results,
which showed that 95% Cls of SMD estimates overlapped for each
number of prescribed resistance exercises. Egger’s test indicated
there was risk of publication bias (Supplementary Figure S3).
There were no differences in results of meta-regressions when not
including any covariates (Supplementary Material S2) or when
including a covariate for exercise volume (Supplementary
Material S3). There was no evidence of an association between
number of exercise and outcomes according to whether the pro-
gram was entirely supervised or included a mix of supervised and
unsupervised sessions or whether resistance exercises were
machine-based or not (Supplementary Figures S4-S7).

Relationship between number of different
prescribed resistance exercises and self-reported
function. Meta-regression showed no evidence of a relation-
ship between number of prescribed lower-limb resistance exer-
cises and change in self-reported function (SMD -0.04 [95% Cl
—-0.12 to 0.05]; P = 0.40; Figure 3). However, there was sub-
stantial heterogeneity (1> = 82%). After removing 31 trials (70%)
with unclear or high overall risk of bias,394042:4547~
51,54,56,59,60,62-64,66,67,69,70,72-82 there was still no evidence of
a relationship (SMD 0.09 [95% CI —0.07 to 0.25]; P = 0.20; I? =
0%; Supplementary Figure S1). Supplementary Table S2 and
Supplementary Figure S2 report meta-analysis results, which
showed that confidence intervals of SMD estimates overlapped
for each number of prescribed resistance exercises. Egger’s
test indicated there was no risk of publication bias
(Supplementary Figure S3). There were no differences in results
of meta-regressions when not including any covariates (Supple-
mentary Material S2) or when including a covariate for exercise
volume (Supplementary Material S3). There was no evidence
of an association between number of exercise and outcomes
according to whether the program was entirely supervised or
included a mix of supervised and unsupervised sessions or
whether resistance exercises were machine-based or not
(Supplementary Figures S4-S7).
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Figure 3. Meta-regression analysis: SMD of included studies according to pain (A) and self-reported function (B) at increasing numbers of pre-
scribed lower-limb resistance exercises. Lower SMDs favor exercise. Covariates included in analysis were (1) intervention duration, (2) exercise fre-
quency per week, (3) use (or not) of resistance exercise machine(s), and (4) type of comparator (attention control/placebo, no treatment/usual care/
limited education, or a co-intervention that is also equally applied in the exercise group). Forty trials included pain (12 = 96%). 39 trials included self-
reported function (2 = 77%). SMD, standardized mean difference. Color figure can be viewed in the online issue, which is available at http://

onlinelibrary.wiley.com/doi/10.1002/acr.25476/abstract.

DISCUSSION

The objective of this systematic review was to evaluate
whether there is a relationship between the number of different
land-based lower-limb resistance exercises prescribed to people
with knee OA and clinical outcomes. We found no evidence of a
relationship between the number of prescribed exercises and
change in knee pain or self-reported function. Exercise programs
with fewer different resistance exercises appeared to be just as
effective as programs with numerous different exercises. However,
we were unable to account for exercise intensity, progression or
adherence to exercise prescriptions due to poor reporting, and
the overall quality of included trials was considered low (mostly
unclear or high risk of bias). Thus, we have low certainty in our
results, and our findings should be interpreted with caution.

To our knowledge, this is the first systematic review evaluat-
ing the relationship between the number of different resistance
exercises in a prescribed program and change in pain and self-
reported function in OA. Our findings suggest that the number of
different resistance exercises prescribed may not be an important
element of effective exercise programs for OA symptoms.
This is indirectly supported by RCTs'®?'“¢ and meta-
analyses 82223293784 that found no relationship between other
exercise dosage variables, including exercise intensity and fre-
quency per week, and clinical outcomes from exercise. Collectively,
this suggests that an exercise dose response may not exist in peo-
ple with knee OA with respect to clinical outcomes of pain and self-
reported function. However, it is possible that a greater number of
resistance exercises may have more benefit on other outcomes
that we did not examine, such as muscle strength or objective
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functional performance measures. Recent systematic reviews have
shown that ‘low-dose’ resistance programs (comprising only 1-5
different exercises) are effective at increasing muscle strength and
other fitness outcomes.®> Recent work examining mechanisms of
effects of exercise showed that improvements in muscle strength
only mediate a small proportion of the effects on changes in pain
and function,’® and psychosocial factors, including self-efficacy,
pain beliefs, and fear of movement, may play a more important
role.8%8” There is also increasing evidence that clinical improve-
ments associated with exercise may be largely driven by contextual
factors and placebo response,®®° rather than specific effects
related to exercise itself.

Given that we found no relationship between number of dif-
ferent resistance exercise prescribed and clinical outcomes, sim-
ple resistance programs with fewer exercises may have some
advantages over programs that involve a greater number of exer-
cises. One such advantage may be better exercise adherence,
although we were unable to explore whether programs with fewer
prescribed exercises had better adherence relative to programs
with more exercises due to inconsistent reporting of adherence
among included trials (Supplementary Table S1). Research in
people with neck and low back pain has previously found that
a lower number of prescribed exercises was associated with
better long-term adherence.®’®? Programs that involve fewer
different exercises may also keep perceived burden to a
minimum,®® overcoming time-related barriers to exercise®
and ensuring that quality of exercise performance is main-
tained.®®> Our findings suggest that health care providers
should prescribe their patients with knee OA a program that
meets their individual preferences, including the number of dif-
ferent exercises that the person is willing and able to accom-
modate into their daily routines. However, we acknowledge
that our findings should be interpreted with caution given that
we were unable to account for exercise intensity and progres-
sion over time. Prior research has indicated that physiothera-
pists are skeptical about the effectiveness of ‘simplified’
exercise programs involving a single resistance exercise,®®
viewing single-exercise programs as being rigid and limiting
use of their professional skills. In addition, completing a range
of different resistance exercises may have important benefits
for other domains of health, such as sarcopenia and physical
frailty, where a combination of upper- and lower-limb exercises
that target different major muscle groups are recommended to
increase strength and muscle mass.®”%®

We have low certainty in our findings. Although we included
numerous study-level covariates in our meta-analyses in an
attempt to reduce between-study heterogeneity, I? values were
still large, indicating substantial heterogeneity. We also found evi-
dence of publication bias for pain outcomes, suggesting potential
overestimation of treatment effects. Finally, most included trials
were of poor quality (70% were deemed to be at overall unclear/
high risk of bias), and 43% used small sample sizes (<50

participants). Future exercise trials should use robust designs to
reduce risk of bias, such as concealing randomization schedules,
analyzing data from all randomized participants (regardless of
adherence to the intervention), and prospectively registering the
trial in a clinical trials registry. Improved reporting of exercise inter-
ventions is also required because important intervention details
were often inadequately described, including information relating
to exercise dosage, delivery, and adherence (Supplementary
Table S1). Trial authors should follow the Consolidated Standards
of Reporting Trials checklist when presenting results® and use
the Consensus on Exercise Reporting Template'®° and template
for intervention description and replication'®" checklist when
describing exercise interventions. High-quality clinical trials
directly comparing programs with varying numbers of resistance
exercises while standardizing exercise dosage parameters across
experimental conditions are needed to definitively answer our
research question. Future work should also evaluate whether
there is a relationship between number of resistance exercises
and changes in muscle strength or objective functional perfor-
mance measures in people with knee OA.

Our study has limitations. Given the limited information on
exercise adherence that was available in included trials
(Supplementary Table S1), we do not know whether the number
of prescribed resistance exercises in our included RCTs accu-
rately reflected the number of exercises that were actually per-
formed by participants during the intervention. Furthermore, we
do not know about other dosage parameters (eg, intensity),
whether the program was progressed over time, or whether pre-
scribed exercises were personalized to individual participants or
if participants actually demonstrated muscle weakness. It is
therefore unclear whether programs with a small number
of resistance exercises were of a lower overall volume or load
than programs with more resistance exercises. Our meta-
regressions were modeled on a linear relationship, and we did
not evaluate whether the relationship between number of exer-
cise and outcomes might be nonlinear. However, our subgroup
meta-analyses suggest that this was not the case. Finally, there
were large variations in the participant characteristics of
included trials, including their age, BMI, gender ratio, and sever-
ity of their symptoms at baseline.

In conclusion, there was no relationship between the number
of different lower-limb resistance exercises prescribed in a pro-
gram and change in knee pain or self-reported function. However,
given that we were unable to account for all differences in pro-
gram intensity, progression, and adherence, as well as the het-
erogeneity and overall low quality of included studies, our results
should be interpreted with caution.
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Incidence of and Risk of Mortality After Hip Fractures in
Rheumatoid Arthritis Relative to the General Population

C. Allyson Jones," (7 Pierre Guy,? (' Hui Xie, ) Eric C. Sayre,* Kai Zhao,® ) and Diane Lacaille®

Objective. Osteoporosis, a known complication of rheumatoid arthritis (RA), increases the risk of hip fracture,
which is associated with high morbidity and mortality. Fracture risk estimates in patients with RA treated with contem-
porary treatment strategies are lacking. The objectives were (1) estimate age-specific and sex-specific incidence rates
and compare the risk of hip fractures in RA relative to age-matched and sex-matched general population controls, and
(2) compare the risk of all-cause mortality in RA and general population controls after hip fracture.

Methods. A longitudinal study of a population-based incident cohort of patients with RA diagnosed between 1997
and 2009, followed until 2014, with age-matched and sex-matched controls from the general population of British
Columbia, using administrative health data. Hip fracture outcomes (International Classification of Diseases, Ninth Edi-
tion, Clinical Modification [ICD-9-CM] codes 820.0 or 820.2; ICD-10-Canada code S72.0 to S72.2) and mortality at pre-
defined intervals after fracture (in hospital, 90 days, 1-year, 5-year) were identified. Hip fracture incidence rates for RA
and controls, and incidence rate ratios (IRRs), were calculated. Cox proportional hazards models compared hip frac-
ture and mortality risk in RA versus controls; logistic regression compared in-hospital mortality risk.

Results. Overall, 1,314 hip fractures over 360,521 person-years were identified in 37,616 individuals with RA and
2,083 over 732,249 person-years in 75,213 controls, yielding a 28% greater fracture risk in RA (IRR 1.28 [95% confi-
dence interval 1.20-1.37]). Mean age at time of fracture was slightly younger for RA than controls (79.6 = 10.8 vs 81.6
+ 9.3 years). Postfracture mortality risk at one-year and five-years did not differ between RA and general population
controls. Results were similar in a sensitivity analysis including only individuals with RA who received disease-
modifying antirheumatic drugs.

Conclusion. People with RA had a greater risk of hip fractures, but no greater risk of mortality post fracture, than
the general population. The relative risk of hip fractures observed was not as high as previously reported, likely reflect-

ing better treatment of inflammation and management of osteoporosis and its risk factors.

INTRODUCTION

Rheumatoid arthritis (RA) is associated with fragility fractures
and is the only disease that is specifically identified as a risk factor
for fracture within the Fracture Risk Assessment Tool (FRAX).
Although vertebral fractures account for half of fragility fractures
in RA,? hip fracture is a public health burden because of the high
morbidity, mortality, disability, and socioeconomic costs.>* Hip
fractures have been extensively studied in older patient
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populations, yet a paucity of literature has examined hip fracture
in RA despite osteoporosis affecting slightly more than 25% of
the RA population.® The burden of hip fracture cannot be under-
estimated. Within the general population, temporal and geo-
graphic variations of incidence rates exist worldwide with an
estimated incidence rate of 14.2 (95% confidence interval [95%
Cl] 11.1-18.1) per 1,000,000 in 2019.° In Canada, the national
age and sex standardized incidence rate is 15.78 (95% Cl
15.72-15.83) per 1,000,000.” The one-year mortality rates after

Canada and University of British Columbia, Vancouver, British Columbia,
Canada.

Additional supplementary information cited in this article can be found
online in the Supporting Information section (https://acrjournals.
onlinelibrary.wiley.com/doi/10.1002/acr.25466).

Author disclosures are available at https://onlinelibrary.wiley.com/doi/10.
1002/acr.25466.

Address correspondence via email to Diane Lacaille, MD, FRCPC, MHSc, at
dlacaille@arthritisresearch.ca.

Submitted for publication January 21, 2024; accepted in revised form
November 5, 2024.


https://orcid.org/0000-0002-3952-3234
https://orcid.org/0000-0003-3680-9242
https://orcid.org/0000-0003-3328-7135
https://orcid.org/0000-0003-3848-7232
https://orcid.org/0000-0002-4065-4151
https://doi.org/10.1002/acr.25466
https://doi.org/10.1002/acr.25466
https://onlinelibrary.wiley.com/doi/10.1002/acr.25466
https://onlinelibrary.wiley.com/doi/10.1002/acr.25466
mailto:dlacaille@arthritisresearch.ca
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.25466&domain=pdf&date_stamp=2024-12-22

HIP FRACTURE INCIDENCE AND MORTALITY IN RA

605

SIGNIFICANCE & INNOVATIONS

+ Rheumatoid arthritis (RA) is a risk factor for fragility
fractures including hip fractures.

« Hip fracture is a public health burden with high
morbidity and mortality risk.

+ Relative risk of hip fractures observed was not as
high as historically reported, likely reflecting better
treatment of inflammation and management of
osteoporosis and its risk factors.

« Nonetheless, the risk of hip fracture remains higher
than in general population controls of the same age
and sex, despite advances in treatment.

+ Mortality after hip fracture did not differ signifi-
cantly from that of general population controls for
the same age and sex.

+ Given the persistently increased risk of hip fractures
despite advances in treatment of inflammation, and
the high morbidity and mortality following hip frac-
tures, fall prevention programs and other primary
prevention strategies targeting RA are needed.

a hip fracture are high, ranging up to 35%.”"® The excess mortality
rate is at least double for age-matched population norms with the
greatest mortality risk within the first three to six months after
the index hip fracture.®'® Recovery after hip fracture in the general
population is long-term, lasting two or more years, "
patients unable to return to independent community living.

A recent systematic review reported the pooled incidence
rate of hip fractures in RA of 4.33 (95% Cl 2.26-8.27) per 1,000
person-years.? Moreover, the secular trend of hip fracture in RA
populations is increasing,'® unlike the static or decreasing trends
reported in the general population.>” This epidemiologic pattern
of hip fracture was illustrated in a Spanish cohort, in that patients
with RA tended to be younger than the general population, and
the incidence of hip fracture in the RA cohort increased over the
17 year observation period."® Mortality is high after a hip fracture,
yet mortality is not commonly reported in RA cohorts with hip
fractures.'®'® There is consistent evidence, however, that mor-
tality post hip fracture is greater in men than women regardless
of whether a patient has RA or not.”"'®

Although hip fracture in RA has been examined across differ-
ent geographic regions and ethnicities, several studies have eval-
uated risk in prevalent RA cohorts, which can provide biased risk
estimates.?'® The methodology is inconsistent in terms of study
designs, case ascertainment, and reporting fractures, all of which
may account for the varied incidence rates reported in the litera-
ture. Assembling a population-based cohort of incident RA fol-
lowed from diagnosis will provide a reliable estimate of hip
fracture risk relative to the general population. The objectives of
this study are two-fold: (1) to estimate age-specific and sex-
specific incidence rates and compare the risk of hip fractures in
RA relative to age-matched and sex-matched general population

with many
4,11,12

controls, and (2) to compare the risk of all-cause mortality in RA
and general population controls after a hip fracture.

METHODS

Study design and sample. A longitudinal study of a
population-based incident RA cohort with age-matched and
sex-matched general population controls using administrative
health data for the province of British Columbia (BC), Canada.

Incident RA cohort. An incident cohort of persons with RA
was identified using a previously published RA definition."” Using
physician billing data, all incident patients with RA in BC who first
met RA criteria between January 1, 1997, and December
31, 2009, were identified and followed until December 31, 2014.
The case definition included having a minimum of two physician
visits more than two months apart, within a five-year period, with
International Classification of Diseases, Ninth Edition (ICD-9)
codes for RA (714.X) and/or the Tenth version (ICD-10-Canada:
MO05.X-M0B6.X). The rationale for two visits rather than a single visit
was to avoid cases in which an initial impression of RA, or a visit to
evaluate for possible RA, was not confirmed on later visits. The
reasoning for the two physician visits being more than two
months apart was to exclude transient inflammatory arthritis. Indi-
viduals were excluded if, over a five-year period after their second
RA visit (ie, RA index date), they had at least two subsequent
visits, on two different days, with the same diagnostic code for
another form of inflammatory arthritis (systemic lupus erythemato-
sus, other connective tissue diseases, psoriatic arthritis, ank-
ylosing spondylitis, and other spondyloarthropathies); or if a
diagnosis of RA by a nonrheumatologist was never confirmed
during subsequent visits to a rheumatologist. These criteria have
been validated in a subsample who participated in a RA survey,
using opinion of an independent rheumatologist reviewing medi-
cal records from their treating physicians as gold standard, yield-
ing a positive predictive value (PPV) of 0.82.'® Date of the
second ICD code for RA diagnosis was used as the RA index
date. To identify incident cases, a run-in period of seven years
was used (selected to have the longest run-in period possible,
because the earliest data available were from 1990 onward). This
ensured prevalent cases of RA who moved to BC were not erro-
neously identified as incident RA cases, by excluding individuals
with RA with less than seven years of available data in Medical
Service Plan (MSP) registry prior to their first RA visit.

Matched general population controls. A random control
sample without any diagnosis of RA or other inflammatory arthritis
was assembled from the general population (BC population was
3.9-4.4 milion in 1997-2009'%) using the same administrative
databases as for the RA cohort. Controls were matched to indi-
viduals with RA using a 2:1 ratio on birth year, sex, and calendar
year of MSP enrollment, and were assigned the same RA index
date as the corresponding RA case.
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Exclusion criteria applied to the RA cohort and general popu-
lation controls included hip fractures, pathologic fractures, or
Paget’'s disease occurring at any time prior to RA index date
(or index date in controls), using all available data from 1990
onward. To minimize the possibility of missing prior hip fractures
and inadvertently classifying a second hip fracture as an incident
hip fracture in individuals who moved to BC, a run-in period of
seven years was used, whereby individuals with less than seven
years of data prior to (RA) index date were excluded.

Data sources. Complete health information for physician
visits, medications dispensed, and hospitalizations were obtained
from administrative databases of the Ministry of Health, through
Population Data BC until December 2014. Within this public
health care system, all persons are guaranteed universal cover-
age for physician visits and hospital and medical services, includ-
ing surgical treatment of hip fracture. Our specific data sources
are listed below:

1. Canadian Institute of Health Information Hospital Separa-
tion Abstracts (January 1990 to December 2014)%°
include up to 25 diagnostic codes per hospitalization
using full five-digit ICD-9 and/or ICD-10 codes, represent-
ing either the reason for admission or complications dur-
ing hospitalization, hospital admission and discharge
dates, and hospital transfers. One hundred percent of
hospitalizations in BC are captured through this system.

2. MSP File (January 1990 to December 2014)?" contains
physician claims data used for reimbursement of physi-
cian visits, under fee-for-service billings. Each claim con-
tains a single diagnosis representing the reason for the
visit based on ICD-9 diagnostic codes. Approximately
95% of physician-patient episodes of care in BC are reim-
bursed through the BC Ministry of Health fee-for-service.

3. MSP Consolidation File (January 1990 to December
2014)" includes demographic information for each per-
son registered with the provincial plan, such as age, sex,
postal code (first three digits) used to determine rural ver-
sus urban residence, neighborhood income quintile and
local health area, and registration data.

4. BC Vital Statistics (January 1996 to December 2014)%2
were obtained on the date of death and primary cause
of death (ICD-9 or ICD-10) from information provided on
death certificates.

5. Pharmanet Database (January 1996 to December
2014)?® provides information on all prescriptions dis-
pensed by pharmacies in BC, regardless of source of
funding.

Hip fracture outcomes were identified using ICD9-CM codes
820.0 or 820.2 and ICD10-Canada code S72.0 to S72.2 placed
in any position in hospitalization data, representing either the rea-
son for admission or a complication occurring during

hospitalization.?*?> The accuracy of this algorithm to identify hip
fractures from administrative data has been validated when used
with hospital data (sensitivity 83%-97%; PPV 86%-98%).2° This
approach also ensured that we captured hip fractures that may
have occurred while in hospital for other reasons.?” Pathologic
fractures (metastases; disorders of bone such as Paget’s dis-
ease, fractures of other or unspecified femur location or
acetabular-pelvic fractures) were not included.

Mortality outcomes. All-cause mortality was assessed at pre-
determined time points: in hospital, 90-day, 1-year and 5-year post
fracture to capture short and long-term complications of hip frac-
tures. Although not all deaths post hip fracture may be directly
attributable to fractures,?® we opted to evaluate all-cause mortality
to capture the broadest impact of hip fracture on people’s health
that can contribute to increased mortality. The definition of an epi-
sode of care as outlined by Sheehan et al was used to assess in-
hospital mortality, to take into consideration hospital transfers.2®

Covariates. Baseline covariates were assessed within
12 months prior to RA index date in the analyses evaluating risk
of hip fracture, and within 12 months prior to hip fracture date in
the analyses evaluating mortality risk post hip fracture. Covariates
included age, sex, social economic status (SES) based on the first
three postal code digits and neighborhood income quintile,
urban/rural area, the Romano modification of the Charlson comor-
bidity index (excluding RA from comorbidities) for use with adminis-
trative data (cardiovascular disease including coronary artery
disease, congestive heart failure, peripheral vascular disease,
venous thromboembolism; respiratory conditions; dementia;
depression; malignancy; cerebrovascular accident; chronic liver
disease/cirrhosis; alcoholism; chronic kidney disease),*°>? and
hospital size for postfracture mortality analyses. A single diagnostic
code (ICD-9/10) in hospitalization data and physician service claims
were used to identify comorbidities (see Supplementary Table 1).

Statistical analysis. Descriptive statistics (ie, means, SDs,
or frequency counts and percentages) were computed for rele-
vant variables in the RA cohort and general population controls.
Incidence rates of hip fractures were calculated for the RA cohort
and general population controls, and risk of hip fracture in RA rel-
ative to the general population was estimated using crude inci-
dence rate ratios (IRR) with 95% Cls, and adjusted hazard ratios
(aHRs) from Cox’s proportional hazard models (PHMs) adjusted
for age, sex, and Romano Charlson (excluding RA). For each indi-
vidual, follow-up started at (RA) index date and ended at occur-
rence of first hip fracture, with censoring of follow-up at time of
death, out-of-province migration, or end of follow-up (December
2014), whichever occurred first. Covariates were selected for
inclusion as potential confounders in the final PHMs according to
a purposeful selection algorithm using a 5% threshold for inclu-
sion. The algorithm proceeded by entering potential confounders
one at a time into the PHM, and assessing the relative change in the
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HR estimating fracture risk in RA relative to the general population,
compared with the previous model.>® The algorithm stopped when
no additional variables had a >5% impact on the HR for RA.%3%4
Alternative models were fit based on the subdistribution hazards
to accommaodate for the competing risk of death.%® By comparing
results from the subdistribution hazards regression model and
Cox’s PHMs, the two primary statistical models for competing risk
analysis, we evaluated the robustness of adjusted HR estimates
across different modeling methods. We also used the Fine-Gray
method®® to compute the cumulative incidence function (CIF) of
first hip fracture, while accounting for competing risks of death
because of causes unrelated to hip fracture. Gray’s Test®” was
used for comparing the ClIFs between the two groups.

Mortality post hip fracture was analyzed via Cox PHMs in all
RA and general population patients who sustained a hip fracture.
For each individual, follow-up started at fracture date and ended
at occurrence of death, with censoring of follow-up at out-
of-province migration or end of follow-up (December 2014),
whichever occurred first. We fit unadjusted models, models
adjusted for age and sex, and models adjusted for age, sex,
SES, rural/urban, hospital size, and fracture type. With the sensi-
tivity analyses, we also fit models adjusted for age, sex, SES,
rural/urban area, hospital size, fracture type, and the following
comorbidities influencing risk of death: Romano Charlson
(excluding RA), cardiovascular disease, chronic obstructive pul-
monary disease (COPD), malignancy, dementia, alcoholism, dia-
betes, hyperlipidemia, Hormonal Replacement Therapy, and
anticoagulants. Although matching variables age and sex were
not confounders, they are known strong predictors of the out-
comes, and adjusting for them increases the power to detect
between group differences. Each model estimated the effects of
RA (vs general population) on mortality according to time since
fracture: <90 days, 90 days to 1 year, and 1 to 5 years post frac-
ture. In addition, we computed cumulative all-cause mortality,
using product limit estimates, at 90-day, 1-year, and 5-year post
fracture, stratified by RA status. In-hospital mortality (binary
yes/no variable) was estimated using logistic regression models.
Sensitivity analyses were also conducted limiting the sample to
individuals with RA who had received disease-modifying antirheu-
matic drugs (DMARDs) and their age-matched and sex-matched
controls to ensure that hip fracture and mortality risks relative to
the general population controls were not affected by our RA defi-
nition, which did not require specific RA treatment. Analyses were
performed using SAS version 9.4 (SAS Institute Inc). Ethics
approval was obtained from the Health Research Ethics Review
Board at the University of British Columbia (HO0-80305) and Uni-
versity of Alberta (PRO 00071977).

RESULTS

A total of 37,616 persons with RA and 75,213 age/sex-
matched general population controls were followed from January
1, 1997, to December 31, 2014. The sample included 66%

females, and the mean (SD) age at RA diagnosis was 57.3 (16.6)
years (Table 1). Within the RA cohort, hydroxychloroquine
(30.0%) and methotrexate (26.3%) were the most commonly dis-
pensed DMARDs, followed by sulfasalazine (13%) and lefluno-
mide (6%), whereas 6.2% received biologics. Over 360,521
person-years of follow-up, 1,314 hip fractures occurred in the
RA cohort (mean [SD] follow-up time: 9.6 [4.3] years), whereas
2,083 hip fractures were reported over 732,249 person-years of
follow-up for the matched general population controls (mean
[SD] follow-up time: 9.7 [4.3] years), yielding incident rates per
1,000 person-years of follow-up of 3.6 (95% Cl 3.4-3.8) in RA
and 2.8 (95% CI 2.7-3.0) in general population controls. The
mean (SD) age at time of hip fracture was slightly younger for
the RA cohort than the general population controls (79.5 [10.8]
vs 81.6 [9.3] years; P < 0.001). At the time of hip fracture, the
RA cohort had more comorbidities than controls, as reflected by
a higher mean (SD) Romano comorbidity score (RA: 1.3 [1.8] vs
control: 1.08 [1.1]; P = 0.002). The most frequent comorbidity
reported in both groups at the time of hip fracture was cardiovas-
cular diseases (RA 62%; control 63%), whereas chronic obstruc-
tive lung conditions (COPD, emphysema, chronic bronchitis,
asthma) (18%) was the next most reported comorbidity for the
RA group and dementia (23%) for the control group.

Fracture characteristics and surgical management.
No differences were seen between the two groups in the type of
hip fracture; slightly less than one-half of both groups had trans-
cervical hip fractures (Table 1). Approximately 23% in both groups
were transferred to another hospital for surgery, and 7% in both
groups did not receive surgery after admission for hip fracture.
The median (25th, 75th percentile) time from hospital admission
to surgery was 1.0 (1.0, 2.0) days for both groups. More people
with RA resided in rural locales (16.8%) than general population
controls (11.6%) at the time of hip fracture, with a greater number
of patients with RA hospitalized in smaller hospitals (Table 1).

Risk of hip fracture. The crude IRR for hip fractures was
1.28 (95% CI 1.20-1.37) (Figure 1), indicating that individuals with
RA had a 28% higher risk of hip fractures than general population
controls. The IRR was slightly higher in males than females (1.45
[95% ClI 1.25-1.69] vs 1.24 [95% Cl 1.14-1.34]), although the dif-
ference was not statistically significant. The IRR for hip fracture
decreased with increasing age. Individuals diagnosed with RA
before the age of 60 had a greater than two-fold increase in risk
of hip fracture, whereas the increased risk was less than two-fold
for individuals diagnosed after the age of 60. The risk did not differ
significantly from general population controls in individuals diag-
nosed after the age of 80 (Figure 1).

Multivariable Cox PHMs estimating the risk of incident hip
fracture in RA relative to general population controls, age-
adjusted and sex-adjusted HR was 1.28 (95% CI 1.19-1.37)
(Table 2). In the final fully adjusted model, the Romano comorbid-
ity score was the only additional covariate selected. The Cox PHM
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Table 1. Characteristics of incident RA cohort and general population controls*

RA Controls P value
n 37,616 75,213 —
Person-years of follow-up 360,521 732,249 —
Female, n (%) 24,987 (66) 49,880 (66) 0.717
Age at index date,” mean (SD), y 57.3(16.6) 57.2(16.6) 0.771
Hip fractures, n (%) 1,314 (3.5) 2,083 (2.8) <0.001

Incidence rate per 1,000 person-years (95% Cl) 3.6 (3.4-3.8) 2.8(2.7-3.0) <0.001
Hip fracture characteristics
Age at hip fracture, mean (SD), y 79.5(10.8) 81.6(9.3) <0.001
Female, n (%) 1,019 (77.6) 1,667 (80.0) 0.084
Type of hip fracture, n (%) 0.899
Cervical 626 (47.6) 997 (47.9) —
Trochanteric® 688 (52.4) 1,086 (52.1) —
Type of surgical fixation, n (%) 0.976
Total hip arthroplasty 46 (3.5) 70 (3.4) —
Hemiarthroplasty 143 (10.9) 222 (10.7) —
Internal fixation 1,031 (78.5) 1,635 (78.5) —
No surgery 94 (7.2) 156 (7.5) —
Chronic conditions®
Cardiovascular disease 816 (62.1) 1,308 (62.8) 0.684
Respiratory conditions 243 (18.5) 306 (14.7) 0.003
Dementia 230 (17.5) 475 (22.8) <0.001
Depression 200 (15.2) 292 (14.0) 0.332
Cancer and malignancy 143 (10.9) 202 (9.7) 0.265
Cerebrovascular accident 92 (7.0) 149 (7.2) 0.867
Chronic liver disease/cirrhosis 37(2.8) 38(1.8) 0.055
Romano score,® mean (SD) 1.3(1.8) 1.1(1.5) 0.002
LOS, median (25Q-75Q), d 15(8-31) 16 (8-33) 0.635
Hospital size for hip surgery <0.001
<50 beds 100 (7.6) 127 (6.1) —
50-199 beds 474(36.1) 613 (29.4) —
200+ beds 740 (56.3) 1,343 (64.5) —
Hospital transfer, n (%) 306 (23.3) 484 (23.2) 0.972
Residence locale at hip fracture time <0.001
Rural 221 (16.8) 241 (11.6) —
Urban 1,093 (83.2) 1,842 (88.4) —
Socioeconomic status quintile of neighborhood at hip fracture time 0.767
1, lowest 351 (26.7) 547 (26.3) —
2 273 (20.8) 409 (19.6) —
3 261 (19.9) 408 (19.6) —
4 221 (16.8) 384 (18.4) —
5, highest 208 (15.8) 335(16.1) —

* Unless otherwise indicated, values represent n (%). The bolded P values denote statistical significance. 95% Cl,
95% confidence interval; LOS, length of stay; Q, quarter; RA, rheumatoid arthritis.
@ Age atindex date of RA diagnosis; control group was assigned the same index date as the corresponding RA cases.

b pertrochanteric or subtrochanteric hip fracture.

¢ Chronic conditions and Romano scores evaluated within 12 months prior to the date of hip fracture.
9 Romano adaptation of Charlson comorbidity index developed for administrative health data, excluding RA as a

comorbidity.

adjusted for age, sex, and Romano score estimated that persons
with RA had a 27% greater risk of hip fracture than general popu-
lation controls (aHR 1.27 [95% CI 1.18-1.36)); the relative risk
was greater for males than females (@HR 1.44 [95% Cl 1.24—
1.67] vs aHR 1.23 [95% Cl 1.13-1.33]) (Table 2), although the dif-
ference was not statistically significant. Cox PHMs stratified by
age showed similar trends in risk relative to the general population
according to age as described above for the IRR results. Alterna-
tive analysis accounting for competing events using different
approaches yielded similar results attesting to the robustness of
our findings. Specifically, when looking at the cumulative

incidence of hip fracture, accounting for the competing risk of
death, persons with RA had a statistically significant higher risk
and shorter time to acquire a first hip fracture than general popu-
lation controls (Gray’s test P value <0.001) (Figure 2). Subdistribu-
tion PHMs accounting for the competing risks of death did not
produce substantially different estimates compared with the stan-
dard cause-specific PHMs (Table 2).

Risk of mortality post hip fracture. A total of
715 deaths post hip fracture were observed in the RA cohort
and 1,224 in the general population controls (Table 3). Of the
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Table 2. PHM and sHR estimating risk of hip fracture in RA relative to general population controls*

90+

IRRs of hip fracture in rheumatoid arthritis versus controls, by age and sex. IRR, incidence rate ratio.

Overall Females Males
Cox PHMs cHR (95% Cl) SHR (95% Cl) cHR (95% ClI) SHR (95% ClI) cHR (95% ClI) SHR (95% Cl)

Unadjusted models 1.29(1.20-1.38) 1.27(1.18-136) 1.24(1.15-1.34) 1.22(1.13-1.32) 1.46(1.26-1.69) 1.43(1.23-1.66)

Age- and sex-adjusted models  1.28(1.19-1.37) 1.26(1.17-1.35) 1.23(1.14-1.33) 1.22(1.12-1.32) 1.46(1.26-1.69) 1.43(1.23-1.66)

Fully adjusted models? 1.27(1.18-1.36) 1.26(1.17-1.35) 1.23(1.13-1.33) 1.23(1.12-1.32) 1.44(1.24-1.67) 1.43(1.23-1.66)
Fully adjusted models stratified by age

<50y 2.06(1.39-3.04) 2.03(1.37-3.00) 2.08(1.24-3.50) 2.09(1.25-3.49) 2.00(1.11-3.62) 1.95(1.07-3.57)

50-59y 2.72(2.07-3.56) 2.69(2.05-3.52) 2.47(1.80-3.37) 2.44(1.78-3.33) 3.57(2.06-6.16) 3.54(2.05-6.12)

60-69 y 147 (1.23-1.74) 1.44(1.21-1.71) 1.51(1.24-1.84) (1.23-1.82) 1.32(0.92-1.90) 1.28(0.90-1.83)

70-79y 1.14(1.03-1.27) 1.13(1.01-1.26) 1.11(0.98-1.25) 1.09(0.97-1.23) 1.29(1.02-1.63) 1.28(1.01-1.61)

80-89y 1.10(0.96-1.25) 1.11(0.98-1.27) 1.07(0.93-1.23) 1.09(0.94-1.25) 1.24(0.91-1.69) 1.25(0.92-1.71)

90+ 1.12(0.72-1.73) 1.03(0.67-1.59) 1.06(0.65-1.74) 0.98(0.61-1.59) 1.39(0.51-3.75) 1.27(0.46-3.47)

*95% Cl, 95% confidence interval; cHR, cause-specific hazard ratio; PHM, proportional hazard model; RA, rheumatoid arthritis; sHR, subdistri-

bution hazard ratio, which accounts for competing risk of death.

@ Adjusted for age, sex, and Romano comorbidity score (excluding RA).
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Figure 2. Cumulative incidence functions of hip fracture among RA and controls, adjusting for death as competing events. *Significant difference
P value <0.001 (Gray’s test). RA, rheumatoid arthritis.
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Table 3. All-cause mortality after hip fracture*

Characteristics of people who died RA Controls Pvalue
Number of deaths 715 1,224 —
Age at death, mean (SD), y 84.8 (8.9) 86.2 (7.6) 0.009
Females, n (%) 537 (75.1) 960 (78.4) 0.092
Rural, n (%) 123(17.2) 133(10.9) <0.001
Hospital LOS, median (IQR) 18 (9-36) 19(9-37) 0.782
Socioeconomic status quintile of neighborhood 0.125

at time of hip fracture

1 lowest 197 (27.6) 338 (27.6) —

2 161 (22.5) 230(18.8) =

3 116 (16.2) 248 (20.3) —

4 131 (18.3) 215(17.6) —

5 highest 110 (15.4) 193 (15.8) —
Time from fracture to death, median (IQR), d 764 (156-1,518) 631 (107-1,415) 0.035
Cumulative number (%) deaths —

In-hospital death 94 (13.1) 182 (14.9) 0.295

Death <90 d 137 (19.2) 284 (23.2) 0.006°

Death <1y 252 (35.2) 470 (38.4) 0.584°

Death <5 585 (81.8) 1,027 (83.9) 0.021°

* The bolded P values denote statistical significance. IQR, interquartile range; LOS, length of stay; RA, rheumatoid

arthritis.

@ pvalues are from corresponding event time models.

patients who did not receive surgery, in-hospital mortality for individ-
uals with RA was 26.6% (n = 25) and 29.5% (n = 46) for general pop-
ulation controls. Mean age at death was slightly younger for the RA
cases than general population controls (84.8 [8.9] years vs 86.2
[7.6] years; P =0.009). The 90-day mortality rate was lower in individ-
uals with RA than general population controls (456.6 deaths per
1,000 person-years vs 610.4 deaths per 1,000 person-years; P =
0.006) (Table 3). The Cox PHM analyses adjusted for age, sex, and
other sociodemographic factors potentially influencing postfracture
mortality (ie, SES, rural/urban location, hospital size, and fracture
type); patients with RA had a 20% lower 90-day mortality risk relative
to general population controls (@HR 0.80 [95% Cl 0.65-0.98))
(Table 4). Sensitivity analyses in which a third model adjusted for the
covariates included in adjusted model 2, as well as for comorbidities
potentially influencing mortality risk, yielded similar results (adjusted
model 3, Table 4). Otherwise, cumulative mortality rates and mortality

risks over different time periods post hip fractures did not differ signif-
icantly between patients with RA and general population controls
who sustained hip fractures (Tables 4).

Sensitivity analyses conducted on the subgroup of
patients with RA who received DMARDs did not reveal sub-
stantial differences in results from the main analyses (see Sup-
plementary Tables 2-5). The fully adjusted Cox PHM
estimated that persons with RA who received DMARDs had a
41% greater risk of hip fracture than general population con-
trols (@HR 1.41 [95% CI 1.26-1.59]), a risk only slightly higher
than in the entire RA cohort (@HR 1.27 [95% CI 1.18-1.36))
(see Supplementary Table 3). Estimates of mortality post hip
fracture were very similar to those of the entire RA cohort,
and mortality risk post hip fracture did not differ significantly
between patients with RA receiving DMARDs and general pop-
ulation controls (see Supplementary Table 5).

Table 4. Mortality risk in RA relative to general population controls after hip fracture*

Mortality rate

Cumulative  Mortality rate controls Period-specific ~ Unadjusted  Adjusted HR(1)" Adjusted Adjusted
mortality  RA (per 1,000 PY) (per 1,000 PY) HR HR (95% Cl) (95% CI) HR(2) (95% Cl)  HR(3) (95% Cl)
In hospital 94/7159 182/1224° In hospital® 0.80(0.62-1.04) 0.86(0.66-1.12) 0.84(0.65-1.10) 0.82(0.63-1.07)
90d 456.6 610.4 <90d 0.75(0.61-0.92) 0.81 (0.66-0.99) 0.80 (0.65-0.98) 0.78 (0.64- 0.96)
Ty 2283 280.5 90d-1y 0.94(0.74-1.18) 1.01(0.80-1.27) 1.0(0.79-1.26) 0.96(0.76-1.21)
5y 161.2 194.1 1-5y 0.85(0.74-0.98) 0.93(0.81-1.06) 0.92 (0.80-1.05) 0.89(0.78-1.02)

* The bolded P values denote statistical significance. 95% Cl, 95% confidence interval; COPD, chronic obstructive pulmonary disease; HR, haz-
ard ratio; OR, odds ratio; PY, patient year; RA, rheumatoid arthritis; SES, social economic status.

@ Cox proportional hazard models (1) are adjusted for age and sex.

P Cox proportional hazard models (2) are adjusted for age, sex, SES, rural/urban, hospital size, and fracture type.

¢ Cox proportional hazard models (3) are adjusted for age, sex, SES, rural/urban, hospital size, fracture type, and comorbidities influencing risk
of death: Charlson (excl. RA), cardiovascular disease, COPD, malignancy, dementia, alcoholism, diabetes, hyperlipidemia, hormonal replace-
ment therapy, and anticoagulants.

9 The numerator represents the number of in-hospital deaths over the total number of deaths within 5 years.

€ In-hospital mortality was estimated using logistic regression models, and values represent unadjusted and adjusted ORs.
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DISCUSSION

In this population-based study, we found that the incident RA
cohort had a 28% higher risk of hip fracture than age-matched
and sex-matched controls from the general population. Despite
being matched on age, the RA cohort, on average, fractured their
hips two years earlier than the matched general controls, indicat-
ing a premature risk of hip fractures. The incidence rate of hip
fracture observed in our cohort was lower than the pooled inci-
dence rates reported in a systematic review (4.33 [95% CI 2.26—
8.27])? and lower than the risk ratio reported in another systematic
review (risk ratio 1.28 [95% Cl 1.20-1.37] vs pooled risk ratio 2.64
[95% Cl 2.19-3.17])."° Several of the included articles in the sys-
tematic reviews were based on prevalent RA samples or in sam-
ples with differing characteristics, methods used for case
ascertainment, and/or comparison/control groups.

Although the absolute risk of hip fracture increased with age
for both groups, the relative risk in RA as compared with the gen-
eral population decreased with increasing age and was no longer
higher in individuals with RA above the age of 80 years. This is
likely attributed to the low absolute risk of hip fractures at younger
ages in the general population’ leading to a higher relative risk in
younger age groups with RA because of a greater risk attributable
to RA. The incidence rates, however, are higher in women than
men in both the general population” and RA cohorts.'®*® Our
findings are consistent with others,®®3° showing a higher relative
risk of hip fracture in men than in women with RA relative to the
general population.

In the general population excess mortality after hip fracture is
reported compared with age-matched population norms without
fractures and the elevated risk persists for several years after the
fracture.® Excess mortality has also been reported to be higher
in younger age groups® and in men compared with women
regardless of age.”?® Few studies have reported on mortality
rates after hip fracture in RA. Studies comparing mortality in RA
and control groups after hip fracture using data from Taiwan and
Korean national databases reported a higher one-year mortality
than control groups.'*'® Similar to our RA cohort findings
(19.2%), Gundel et al reported 90-day mortality (17.1%; 95% Cl
15.7-18.5) post hip fracture in a large Danish cohort with rheu-
matic diseases.*® We observed no significant differences in mor-
tality risk post fracture between RA and general population
controls who sustained a hip fracture. Although a slightly lower
mortality risk within 90 days of fracture was observed in our RA
sample (@HR [95% CI] 0.80 [0.65-0.98)), the clinical significance
of this finding is unclear given the small magnitude of the effect,
the lack of biologically plausible explanation, and the borderline
statistical significance. This finding did not change when analyses
were adjusted for comorbidities associated with mortality risk
measured at the time of fracture, thus reducing the likelihood of
a selection bias, such as a collider stratification bias, because
of the sample for postfracture mortality analyses being selected
based on the presence of hip fracture, but the possibility of this

bias still remains.*’ Other considerations regarding differences
between our results and those reported in the literature include
well-recognized heterogeneity, with large geographic and ethnic
variations in fracture incidence estimates and mortality post hip
fracture.*> Also of note, a comparable percentage of patients
both groups received nonoperative treatment which is, in general,
indicative of a poor prognosis.*®

Because RA is a known independent risk factor for fragility
fractures," our findings of increased risk for hip fracture were not
unexpected. The underlying reasons for increased risk for fractures
with RA are likely multifaceted. Chronic inflammation and the use of
glucocorticoids have known negative effects on bone mass. Other
recognized risk factors for fragility fractures in RA include sex
(female), older age, inactivity, lower body mass index, and health
behaviors such as smoking, which is more prevalent in RA.**
Disease-related impairments also place people with RA at a higher
risk of falls, which is an important risk factor for hip fracture. People
with RA have several intrinsic and extrinsic risk factors for falls.*> A
systematic review reported that the incidence of falls with RA ranged
from 10% to 50% over 6 to 12 months periods and were indepen-
dently associated with age, sex, and disease duration.*® Given the
public health burden of hip fracture especially with older age, fall pre-
vention programs have traditionally targeted older adults. Insofar as
adults with RA are at high risk of falling and increase risk of fragility
fractures including hip fracture, prevention programs targeting RA
have been advocated within the literature, *>46

The strengths of this study include the population-based
nature of the cohort within a universal health care system, ensur-
ing capture of all fracture events, and representativeness of the
sample, including the full spectrum of RA disease severity and
age groups. The use of an incident cohort of RA avoided immortal
time bias when estimating fracture risk by ensuring all fracture
events, including those leading to mortality, were captured. The
large sample and long follow-up time allowed sufficient power
and time to provide an accurate estimate of fracture rates and of
mortality post fracture. Another strength was that the availability
of general population controls matched on age, sex, and index
RA year, which allowed comparable controls for estimating com-
parison of fracture risk.

Despite the strengths, some limitations are inherent to
administrative data studies, including a degree of uncertainty
regarding the RA diagnosis and lack of information on disease
activity. We used criteria that had been validated in a subsample
who participated in a RA survey, using opinion of an independent
rheumatologist reviewing medical records from their treating phy-
sicians as gold standard, where the PPV was 0.82."® We con-
ducted sensitivity analyses on an RA subsample who received
DMARDs, and results did not substantially differ from the main
analyses. Notwithstanding, the inclusion of non-RA cases in the
sample would bias the results toward the null. Because the onset
of RA in this cohort was identified using administrative data, a lag
time between the actual symptom onset and diagnosis may exist.
The possibility of initial misdiagnosis, with some patients having
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another initial musculoskeletal diagnosis, cannot be excluded.
Limitations relative to the hip fracture outcomes evaluated in this
study include the fact that we were only able to evaluate the type
of fracture and fixation, and no other information regarding the
surgery and postoperative complications were available. Finally,
only all-cause mortality was examined because of the relatively
low number of events leading to insufficient power to accurately
evaluate differences in cause-specific mortality.

The findings have important clinical implications for the man-
agement of RA. Determining the incidence of and mortality rates
post hip fractures in RA relative to the general population is an ini-
tial step necessary for future initiatives targeting the prevention of
hip fractures in RA. Hip fracture in this patient population likely
leads to further functional limitations in a patient population
already at risk of disability from their arthritis. This also has poten-
tially important socioeconomic ramifications and subsequent
consequences on health-related quality of life. Given the sparce
evidence on recovery after hip fracture in RA populations, further
prospective studies are warranted to determine whether the
long-term recovery after a hip fracture in RA differs from
the reported recovery in the general population.

In conclusion, the risk of hip fracture in our RA incident cohort
was 28% greater than age-matched and sex-matched controls
from the general population. Individuals with RA were more likely
to fracture at an earlier age; however, after adjustment, the risk
of mortality post hip fracture was comparable with the controls,
except for an unexpected slightly lower 90-day mortality risk in
RA relative to controls, a finding of unclear clinical significance.
Although not specifically evaluated in this study, significant bur-
den is usually seen post hip fracture with long recovery periods
and commonly a lack of return to the prefracture functional level.
From clinical and health policy perspectives, fall prevention inter-
ventions specific to RA populations, along with prevention pro-
grams addressing osteoporosis risk factors and facilitating early
detection and management of osteoporosis, are needed to pre-
vent hip fractures in RA.
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Association of Changes in Hand Pain With BMI, Employment,
and Mental Well-Being Over Four Years in Patients With
Hand Osteoarthritis

Coen van der Meulen,’ () Lotte A. van de Stadt,” Saskia J. Buck,' Frits R. Rosendaal,’ Sietse E. S. Terpstra,’
and Margreet Kloppenburg'

Objective. We aimed to characterize patients with hand osteoarthritis (OA) with deteriorating or improving hand
pain and to investigate patients achieving good clinical outcome after four years.

Methods. We used four-year annual Australian/Canadian Hand Osteoarthritis Index (AUSCAN) pain subscale
(range 0-20) measurements from the Hand OSTeoArthritis in Secondary Care cohort (patients with hand OA). Pain changes
were categorized as deterioration, stable, and improvement using the Minimal Clinical Important Improvement. Good clini-
cal outcome was categorized using the Patient Acceptable Symptom State (PASS). Associations between baseline charac-
teristics (patient and disease characteristics, coping styles, and illness perceptions) and outcomes were investigated using
multinomial or binary logistic regression, adjusted for baseline pain, age, sex, and body mass index (BMI).

Results. A total of 356 patients (83% female, mean age 60.6 years, mean AUSCAN score 9.1) were analyzed. Pain
improved for 38% of patients, deteriorated for 30% of patients, and remained stable for 32% of patients over four
years. Four-year pain development followed annual trends. At baseline, 44% of patients reached PASS, and 49% of
patients reached PASS at follow-up. Higher BMI, coping through comforting cognitions, and illness comprehension
were positively associated with pain deterioration. Higher AUSCAN function score, mental well-being, and illness con-
sequences were negatively associated with pain improvement. Employment (positive) and emotional representations
(negative) were associated with both improvement and deterioration. Higher baseline AUSCAN function, tender joint
count, and symptoms attributed to hand OA were associated negatively with PASS after four years.

Conclusion. The pain course of patients with hand OA is variable, not inevitably worsening, and various factors
may play a role. Whether modification of these risk factors can influence pain outcomes requires further investigation.

INTRODUCTION

Osteoarthritis (OA) is a chronic disease that progresses over
the course of multiple years. Hand OA is a prevalent OA subtype,
resulting in structural damage and symptoms including disability,
loss of quality of life, and pain in the hand.'* Different processes
are thought to underly this hand pain, such as nociceptive pain
(both mechanical and inflammatory in origin) and nociplastic
pain (due to sensitization).>™® Inflammatory pain can arise from
local processes, for example, synovitis,® or from systemic
processes, such as obesity and the accompanying adipokines.”
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Mechanic pain can arise through structural damage to the joint
and mechanical loading developed, for example, during intense
manual labor.®® Mental factors are also thought to contribute
to pain in OA. These include coping styles and illness per-
ceptions.® """ Because of its multifactorial nature and the
plethora of underlying mechanisms, treating pain in hand OA is
challenging.

Little is known about the course of hand OA pain over time
and what determines this course. Given the chronic nature of the
disease and the known gradual increase in structural damage,
one would expect the pain to increase over time. However,
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SIGNIFICANCE & INNOVATIONS

+ Similar numbers of patients show an increase, a
decrease, or a stable course of pain over four years.

« The number of patients at an acceptable level of
pain increased from 44% to 49% over four years.

+ Changes in pain were associated with body mass
index, employment status, mental well-being, ill-
ness perceptions, and coping styles.

« These factors may be used for patient stratification,
both in clinical and research settings.

studies on the development of pain both over the short term
(2 years) and the long term (6 or 10 years) found that pain on the
group level largely remains stable.'?~'* Similar results were seen
over four years in a previous study by our group.'® However, indi-
vidual patients may experience a deterioration or an improvement
in pain.'? These patients can be categorized using the minimal
clinically important improvement (MCII) score, a measure used to
categorize clinically meaningful improvements, enabling the inves-
tigation of changes on the patient level."® Little is known about
what influences the development of pain. Change in pain has
been associated with change in synovitis measured on magnetic
resonance imaging (MRI), but not with radiographic signs.'” It is
currently unknown whether other mechanisms and risk factors
that contribute to the occurrence of pain also influence the course
of pain.

Perhaps even more clinically relevant for the patient is the
acceptability of a given level of pain. The limit of acceptability for
a symptom can be defined with the Patient Acceptable Symptom
State (PASS). The PASS describes the highest level of symptoms
at which patients regard the symptom as acceptable, should it
remain at that level for the rest of their life.'® Little is known regard-
ing determinants of reaching a PASS for pain in hand OA, with a
previous study showing that patients with worse pain and func-
tion scores at baseline, as well as more painful joints at baseline,
were less likely to reach PASS after six years.'?

Therefore, this study aimed to evaluate the change in hand
pain on the mid-term for individual patients, and, after four years,
to characterize the patients with improving or deteriorating pain
and to investigate which patients are likely to achieve a good clin-
ical outcome. We aimed to identify potential modifiable risk fac-
tors, to support the move toward personalized medicine, and to
enable optimal patient inclusion in clinical trials.

PATIENTS AND METHODS

Study design. The data were derived from the Hand OSTe-
OArthritis in Secondary Care (HOSTAS) cohort. The HOSTAS is
an observational cohort study of consecutively referred patients
with primary hand OA, collected from the Leiden University

Medical Center rheumatology outpatient clinic between June
2009 and October 2015. The HOSTAS included patients who
had a clinical diagnosis of hand OA, determined by their treating
rheumatologist. Exclusion criteria included any pathologic condi-
tions that could otherwise explain the symptoms of the hand
(eg, carpal tunnel syndrome, strain, fioromyalgia, and other rheu-
matic musculoskeletal diseases) and secondary OA (eg, due to
inflammatory joint diseases such as rheumatoid arthritis or psori-
atic arthritis, bone diseases such as osteitis deformans and
osteochondritis, fractures, metabolic diseases such as hemo-
chromatosis, bone dysplasia, endocrine diseases such as acro-
megaly, major congenital or developmental diseases, and major
local diseases such as hypermobility or gout). Finally, patients with
a language barrier or psychologic limitations precluding participa-
tion or informed consent were excluded. Patients answered
questionnaires yearly and underwent physical examinations
biannually for four years. Full details on the cohort have been
published previously.'®

The HOSTAS cohort consists of 538 patients. Only patients
with Australian/Canadian Hand Osteoarthritis Index (AUSCAN)
pain measurements at both baseline and year 4 (required for the
main outcome) were included in the analysis (n = 356).
The HOSTAS study was approved by the medical ethics commit-
tee at the Leiden University Medical Center and conducted in
accordance with Good Clinical Practice guidelines and the Decla-
ration of Helsinki. All patients provided written informed consent.

Outcome. The primary outcome for this study was the vali-
dated AUSCAN pain score. The AUSCAN pain score is calculated
by summing five individual component questions, each worth O to
4 points, for a total score of O to 20, with higher scores indicating
more pain, collected through a questionnaire.’® The AUSCAN
questionnaire further contains a function domain (nine questions,
total score 0-36).

Covariates. Additional validated questionnaires collected
included the Hospital Anxiety and Depression Scale (HADS) for
signs of anxiety and depression (seven questions for each
domain, scored 0-3 for 0-21 domain scores).?° liness percep-
tions associated with hand OA were investigated using the lliness
Perception Questionnaire (IPQ), with questions stating that they
concerned hand OA.?' This questionnaire measures eight
domains of illness perceptions and attributions, with higher
scores indicating stronger beliefs in the investigated concept. A
detailed explanation is attached in the Supplementary Methods.
Coping strategies were investigated using the Coping with Rheu-
matic Stressors (CORS) questionnaire, which investigates eight
different coping styles and was developed for use in rheumatic
musculoskeletal diseases.?? Higher scores indicate more use of
a particular coping style. Details can be found in the Supplemen-
tary File. Demographic information including age, sex, marital sta-
tus (categorized into married and/or living together or not),



616

VAN DER MEULEN ET AL

working status (categorized into currently working or not (mean-
ing currently not employed, work disabled or with sick leave),
excluding pensioners and patients replying “other” from the anal-
ysis), and education level (categorized into low education level
and other [mid and high education level]) were collected through
a questionnaire. Furthermore, the time of first symptoms was col-
lected from this questionnaire and used to calculate symptom
duration. Height and weight were measured and used to calculate
body mass index (BMI). Information on comorbidities was collected
using the modified Charlson Index.?® Given the distribution of the
information on comorbidities, this was dichotomized to comorbidi-
ties or no comorbidities for the analyses. Finally, information on use
of analgesics (including paracetamol, nonsteroidal anti-inflammatory
drugs, opioids, or other types of analgesics) was collected by the
questionnaire.

Radiographic signs (Kellgren-Lawrence sum score over
30 joints®* and presence of erosive disease in interphalangeal
joints according to Verbruggen-Veys [defined as >1 interphalan-
geal joint in the E or R phase®]) were investigated from hand
radiographs made at baseline. T2 MRI images without contrast,
made using a 1.5T MRI scanner, were scored while masked for
patient characteristics using the Hand Osteoarthritis Magnetic
Resonance Imaging Scoring System for synovitis and effusion,
with the distal interphalangeal (DIP) and proximal interphalangeal
(PIP) joints scored on a scale of O to 3 for the right hand.?® Reliabil-
ity of scoring was excellent, with an intraclass correlation of 0.93,
based on 25 scans scored twice in a random order. Physical
examination was performed to determine the tender joint count
and establish fulfillment of the American College of Rheumatology
(ACR) criteria.?”

Annual data from the AUSCAN pain score from baseline up
to and including year 4 were used. Baseline data were used for
all other variables.

AUSCAN pain scores were regarded as missing when more
than one component question was missing, or two in case of
the function scores. IPQ scores were regarded as missing in case
of one or two missing components, depending on the domain.
HADS and CORS scores were regarded as missing if any compo-
nent question was missing. Missing data were less than 5% for
most variables. The few variables with more than 5% missing are
explained by the addition of those specific measurements after
the start of data collection. Patients who entered before the inclu-
sion of these measurements have missing values for these vari-
ables. These missing values are considered missing completely
at random. Another variable with more than 5% missing data
was “currently working,” in which retired patients were excluded.
These patients were not part of the group of interest. Missing data
were not imputed.

Statistical analysis. Baseline characteristics were
described using means with SDs or medians with interquartile
ranges for continuous measures, as appropriate, and as numbers

with percentages for categorical variables. Change scores in
AUSCAN pain from baseline to year 4 were calculated and used
to classify patients as having stable, deteriorated, or improved
pain after four years of participation in the study, based on the
MCII, previously established?® at 1.6. Based on this classification,
an increase of >1.6 was classified as a deterioration of the pain
status of the patient, a decrease less than —1.6 as an improve-
ment, and changes between —1.6 and 1.6 were classified as sta-
ble. Good clinical outcome was categorized according to the
PASS of 8.2, with scores lower than this cutoff counting as having
attained PASS.%®

Annual changes in pain in the three change groups (stable,
improvement, and deterioration) were visualized using heatmaps.
Differences between patients experiencing a deterioration or an
improvement in pain from baseline to year 4 and the stable group
were investigated using multinomial logistic regression analysis,
with the change categories stable, improvement, or deterioration
as the dependent, and no change in pain (the stable group) as
the index. Baseline variables hypothesized to influence pain
development in hand OA were tested and used as independent vari-
ables. Separate models were run for independent variables, with
each model adjusted for baseline pain, age, sex, and BMI. Associa-
tions between the independent variables and change in pain from
baseline to year 4 were determined using the adjusted odds ratios
(ORs) obtained from these multinomial logistic regression models.
Baseline values for all independent variables were used. Analyses
for variables showing an effect in these analyses were repeated after
stratification for the presence of comorbidities and use of analgesics
at baseline.

Patients reaching the PASS at year 4 were investigated using
binary logistic regression, with patients not reaching the PASS as
the index group. The same variables hypothesized to influence
pain in hand OA were tested in separate models, adjusted for
baseline age, sex, baseline BMI, and baseline pain. All analyses
were performed using RStudio running R version 4.0.3.

RESULTS

Patient characteristics. An overview of patient character-
istics at entry is shown in Table 1. Of 356 patients, there were
296 female participants (83%), and the mean age was 60.6
(SD +8.2) years (range 39.6-86.3 years). The ACR criteria were
fulfilled by 326 of the cohort (92%), and the mean AUSCAN pain
score at baseline was 9.1 (SD +4.3). There were no major differ-
ences between the included and excluded patients for the longi-
tudinal analysis groups (Supplementary Table S1).

Annual change in AUSCAN pain between visits.
Changes over four years were used to categorize patients into
improvement, deterioration, and stable groups (Supplementary
Table S2). Over four years, AUSCAN pain improved in
137 patients (38%, mean baseline pain 10.8 [SD +3.9], mean
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Table 1. Patient characteristics at baseline*

Patients
Characteristics (N =356)
Patient characteristics
Female sex, n (%) 296 (83)
Age, mean (SD), yr 60.6 (8.2)
BMI, mean (SD) 26.8 (4.5)
Married or living together, n (%) 291 (82)
Low education level, n (%) 80 (23)
Currently working, n (%)? 163 (75)
Number of comorbidities (range 0-18), 0(0-1)
median (IQR)
Presence of any comorbidities, n (%) 146 (42)
Current use of analgesics, mean (SD) 232 (65)
Disease characteristics
ACR criteria fulfilled, n (%) 326 (92)
Symptom duration, median (IQR), yr 5.6(2.0-12.6)
Erosive disease, n (%) 106 (30)
KL sum score (range 0-120), median (IQR) 17 (9-31)
Synovitis on MRI (range 0-24), median (IQR) 0 (0-1)
If any synovitis present (range 0-24) 2(1-3)
Tender joint count (range 0-30), median (IQR) 3(1-6)
Patient reported outcome measures
AUSCAN
Pain (range 0-20), mean (SD) 9.1 (4.3)
PASS at baseline, n (%) 155 (44)
Function (range 0-36), mean (SD) 14.9 (8.4)
HADS, median (IQR)
Depression (range 0-21) 2 (1-5)
Anxiety (range 0-21) 4(2-7)

* Percentage of missing data was lower than 5%, unless indicated
otherwise. For the currently working category, n = 216; for synovitis,
n = 207; and for HADS, n = 254. ACR, American College of Rheuma-
tology; AUSCAN, Australian/Canadian Osteoarthritis Hand Index;
BMI, body mass index; HADS, Hospital Anxiety and Depression
Scale; IQR, interquartile range; KL, Kellgren-Lawrence; MRI, mag-
netic resonance imaging; PASS, Patient Acceptable Symptom State.
@ Excluding pensioners.

change score —4.8 [SD +2.8]), was stable in 113 patients (32%,
mean baseline pain 8.6 [SD +4.3], mean change score -0.1
[SD +0.8]), and deteriorated in 106 patients (30%, mean baseline
pain 7.3 [SD +3.9], mean change score 3.8 [SD +1.9]). Annual
changes also reflected the course of the changes over four years,
as can be seen in Figure 1. These annual changes in pain ranged
from —12 to +11. Comparing the annual changes among the
groups, patients with improvement over four years showed
improvement (decreased pain) on annual intervals (green bars)
more frequently than patients in the stable and deterioration
groups. Similarly, patients in the deterioration group showed
more annual intervals with deterioration (increased pain, red bars).
The stable pain group showed the most heterogeneity in annual
intervals of the three groups.

Associations with a deterioration or an
improvement in pain. BMI at baseline was positively associ-
ated with deterioration in pain (OR 1.08), with an increase of 1 mul-
tiplying the odds of experiencing a deterioration in pain with 1.08,

or an increase of 5 multiplying the odds by 1.40. Age and sex
were not associated with changes in pain over four years. Patients
who were currently employed had a higher chance to report either
deteriorated or improved pain after four years than to report a sta-
ble level of pain, whereas those unemployed or on sick leave were
more likely to report stable levels of pain (Table 2).

Only a few of the patient-reported outcome measures
showed an association with a deterioration in pain. Use of the
coping style comforting cognitions and the IPQ domain “illness
coherence” (with higher scores indicating less understanding of
the disease) were positively associated with a deterioration in pain
over four years, whereas the IPQ domain “emotional representa-
tions” (with higher scores indicating more negative emotions
attributed to hand OA) was negatively associated with a deteriora-
tion in pain. Baseline AUSCAN function (higher scores equals
worse function), HADS depression and anxiety scores (higher
scores equal more signs of depression and anxiety), and the IPQ
domains “emotional representations” and “consequences”
(measuring consequences attributed to hand OA) were all nega-
tively associated with an improvement in pain after four years.

No associations were found for disease characteristics,
including erosive disease, synovitis, or radiographic signs with
changes in pain (Table 2). Models that showed effects on change
in pain were stratified for the presence or absence of comorbidity
and use or non-use of analgesics. The stratified analyses showed
similar results as the unstratified analyses (Supplementary
Tables S3-S9).

Associations with good clinical outcome. At baseline,
155 patients (44%) were at PASS. At year 4, 176 patients (49%)
were at PASS. Of those at PASS at baseling, 112 patients (72%)
were still at PASS at year 4. A total of 43 patients lost PASS, and
64 patients reached PASS. Being at PASS at baseline was
strongly associated with being at PASS at year 4, but the effect
attenuated with adjustment (crude OR 5.6 [95% confidence inter-
val 3.5-8.9]; OR adjusted for age, sex, and BMI 6.1 [95% confi-
dence interval 3.8-9.9]; OR adjusted for baseline pain, age, sex,
and BMI 1.21 [95% confidence interval 0.53-2.77]). Patients with
worse hand function (AUSCAN function score) and higher tender
joint count at baseline were less likely to reach a good clinical out-
come at year 4. The identity scale of the IPQ, indicating how many
symptoms are considered related to the OA by the patient, was
also negatively associated with reaching good clinical outcome
at year 4. No further associations were seen (Table 3).

DISCUSSION

This study aimed to investigate pain development and good
clinical pain outcomes in patients with hand OA. We observed
356 patients with hand OA over four years and found that
137 patients experienced an improvement in pain, 106 patients
experienced a deterioration, and 113 patients experienced a



618

VAN DER MEULEN ET AL
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Baseline Year 1
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Figure 1.

Stable

Year 2

+11
Deterioration

Baseline Year 1 Year 2 Year 3 Year 4

Year 3 Year 4

Heatmaps for annual change in Australian/Canadian Hand Osteoarthritis Index (AUSCAN) pain between visits. Change in AUSCAN

pain between visits for individual patients. In each panel, the first column indicates change from baseline to year 1, the second is year 1 to year
2, the third is year 2 to year 3, and the final column is year 3 to year 4. White indicates a change of 0, green indicates improvement in pain, and
red indicates deterioration. Gray indicates a missing value. Darker color means a larger change (range from —12 to +11). Heatmaps show data
for patients that had an improvement in pain (n = 137; left), patients with stable pain (n = 113; middle), and patients with a deterioration in pain
(n = 106; right). Categorization on change from baseline to year 4, with the Minimal Clinical Important Improvement of 1.6 as the cutoff.

stable level of pain. The changes over four years were consistent
with annual changes. An improvement in pain after four years
(38% of patients) was seen most in patients who, at baseline,
had a better hand function, fewer mental problems, a paid job,
and attributed fewer negative emotions and consequences to
the disease than other patients. A deterioration in pain over four
years was seen in 30% of patients, and this was most prevalent
in patients with a higher BMI and a job at baseline, who used
comforting cognitions as a coping strategy and who perceived
they understood the disease better. A good clinical outcome,
defined as being at PASS after four years, was seen in 49% of
patients, a slight increase from 44% at baseline. Being at PASS
at baseline was strongly associated with being at PASS at year
4. Furthermore, patients with better hand function and fewer pain-
ful joints on palpation and who attributed less symptoms to their
hand OA at baseline were more likely to be at PASS at year 4.
Previously, we found that pain remained stable on a group
level in patients with hand OA over four years.'® This stable
group level may mask a mixture of patients experiencing a deteri-
oration or an improvement. This was confirmed by our findings
reported here. Part of the change in pain over time can be
explained by regression to the mean. Investigation of the annual
changes showed that changes over four years were consistent
with annual changes, as well. Participants experiencing a

deterioration over four years also experienced a deterioration in
pain per year more often than patients in the stable and improve-
ment groups. This makes it unlikely that the changes seen in this
study are solely due to regression to the mean or chance. A previ-
ous study with six years’ follow-up reported more participants
experiencing deterioration in pain (40%) than improvement
(26%)."2 There may be a number of explanations: the difference
in average baseline pain between the studies (6.7 in the previous
study vs 9.1 in the current study), differences in type of patients
with OA studied (hand OA vs polyarticular familiar hand OA), or
the difference in follow-up duration (four vs six years).

It should be noted that changes in pain were based on yearly
measurements in this study, which may not adequately capture
fluctuations in pain between these time points. An alternative
approach might be a pain diary, which provides more detailed
data. However, a diary is very time consuming for participants. It
is also likely to bias the results due to response shift.?® Filing in a
pain diary may also influence pain awareness, leading to further
bias. This makes it difficult to determine the optimal interval dura-
tion for pain questionnaires.

The changes over time found in this study were associated
with various factors. BMI was associated with a deterioration in
pain after four years. The positive association between BMI and
pain in hand OA has previously been reported cross-sectionally
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Table 2. Associations of baseline characteristics with clinically important deterioration or improvement in pain®

Adjusted odds ratio (95% confidence interval)

Deterioration (n = 106)

Improvement (n = 137)

Patient characteristics at baseline
Female sex®
Age, yr®
BMI®
Married or living together
Low education level
Currently working®
Presence of any comorbidities
Current use of analgesics
Disease characteristics at baseline
Erosive disease present
KL sum score (range 0-120)
Symptom duration, yr
Tender joint count (range 0-30)
Synovitis on MRI (range 0-24)
Patient reported outcome measures
at baseline
AUSCAN function (range 0-36)
HADS
Depression (range 0-21)
Anxiety (range 0-21)
CORS
Pain
Comforting cognitions (9-36)
Decreasing activity (8-32)
Diverting attention (8-32)
Limitations
Optimism (5-20)
Pacing (10-40)
Creative solutions (8-32)
Dependency
Accepting (6-24)
Consideration (7-28)
IPQ
Identity (0-14)
Timeline (chronic) (6-30)
Consequences (6-30)
Personal control (6-30)
Treatment control (5-25)
lliness coherence (5-25)
Timeline cyclical (4-20)

Emotional representations (6-30)

1.02 (0.49-2.15) 0.80(0.39-1.63)
0.98 (0.94-1.01) 0.99 (0.96-1.02)
1.08 (1.01-1.14) 0.99 (0.93-1.05)
1.79 (0.82-3.88) 1.01 (0.53-1.94)
0.99 (0.50-1.96) 1.05(0.54-2.03)
3.35(1.39-8.11) 4.44(1.83-10.7)
1.03(0.57-1.85) 0.98 (0.57-1.70)
0.81 (0.44-1.50) 0.96 (0.53-1.75)
1.19(0.64-2.22) 0.87(0.48-1.57)
1.01 (0.99-1.03) 1.00(0.98-1.02)
1.02 (0.99-1.06) 0.97 (0.94-1.01)
1.06 (0.99-1.13) 0.96 (0.90-1.03)
0.97 (0.78-1.21) 0.90(0.73-1.13)
1.01 (0.95-1.06) 0.95(0.91-1.00)
0.92 (0.82-1.03) 0.89 (0.80-0.98)
0.92 (0.82-1.03) 0.91 (0.82-1.00)
1.10(1.02-1.19) 1.04(0.97-1.11)
0.99(0.91-1.07) 0.95(0.88-1.02)
1.04(0.97-1.12) 1.05(0.98-1.12)
1.07 (0.95-1.20) 1.03(0.93-1.14)
1.02(0.97-1.08) 0.96 (0.91-1.02)
1.04(0.97-1.11) 0.99 (0.92-1.05)

1.00 (0.92-1.09)
1.02(0.93-1.12)

1.00(0.92-1.08)
0.99(0.91-1.07)

1.03 (0.86-1.24) 0.91 (0.78-1.06)
1.02(0.92-1.12) 1.00(0.92-1.09)
0.94 (0.86-1.03) 0.91 (0.84-0.98)
0.97 (0.89-1.07) 1.04(0.95-1.13)
1.03(0.91-1.17) 0.97(0.87-1.09)
1.11(1.01-1.22) 1.07(0.99-1.17)
0.99 (0.90-1.10) 0.98 (0.90-1.08)
0.92 (0.86-1.00) 0.93 (0.88-1.00)

* Associations with changes in AUSCAN pain, defined by Minimal Clinical Important Improvement, adjusted for baseline AUSCAN pain, age, sex,
and BMI. N = 356. Stable group as index. AUSCAN, Australian/Canadian Osteoarthritis Hand Index; BMI, body mass index; CORS, Coping with
Rheumatic Stressors; HADS, Hospital Anxiety and Depression Scale: IPQ, Iliness Perception Questionnaire; KL, Kellgren-Lawrence; MRI, mag-

netic resonance imaging.

@ Adjusted for baseline pain, age, and BMI.
b Adjusted for baseline pain, sex, and BMI.
¢ Adjusted for baseline pain, age, and sex.
¢ Compared to currently not working, excluding retirees (n = 161).

and is thought to stem from the systemic inflammation caused by
adipokines.”® Our study contributes an association between BMI
and clinically relevant changes in pain over time, which means that
pain modulation by BMI may be a continuous process. Currently
working was associated with both deterioration and improvement
of pain. Having paid work may be a proxy for being in a more active
phase of life with more varying demands. This could translate to
changing pain scores, reported in response to changes in the strain

placed on the hands (eg, switching from a manual to a desk job).
This hypothesis requires further validation.

Having less signs of anxiety or depression (measured with
the HADS) was associated with an improvement in pain, highlight-
ing the previously described effect of overall mental well-being on
pain.® Interestingly, better well-being at baseline was associated
with an improvement in pain, whereas worse well-being showed no
association with a deterioration in pain. Mental well-being is
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Table 3. Associations with good clinical outcome*

Adjusted odds ratio
(95% confidence interval),

PASS (n = 176)

Patient characteristics at baseline
Female sex?
Age, yr®
BMI®
Married or living together
Low education level
Currently working®
Presence of any comorbidities
Current use of analgesics
Disease characteristics at baseline
Erosive disease present
KL sum score (range 0-120)
Symptom duration, yr
Tender joint count (range 0-30)
Synovitis on MRI (range 0-24)
Patient reported outcome measures at
baseline
AUSCAN function (range 0-36)
HADS
Depression (range 0-21)
Anxiety (range 0-21)
CORS
Pain
Comforting cognitions (9-36)
Decreasing activity (8-32)
Diverting attention (8-32)
Limitations
Optimism (5-20)
Pacing (10-40)
Creative solutions (8-32)
Dependency
Accepting (6-24)
Consideration (7-28)

1.14(0.59-2.21)
1.00(0.97-1.03)
0.96 (0.91-1.02)
0.66 (0.35-1.26)
1.09 (0.60-1.99)
1.42 (0.68-3.00)
0.73(0.44-1.22)
0.97 (0.57-1.67)

0.85(0.49-1.47)
1.00 (0.98-1.01)
0.98 (0.95-1.01)
0.91 (0.84-0.97)
0.92(0.75-1.12)

0.95(0.91-0.99)

0.93 (0.84-1.03)
0.97 (0.88-1.06)

0.96 (0.90-1.03)
0.96 (0.90-1.03)
0.98 (0.93-1.05)

0.98 (0.89-1.08)
0.99 (0.94-1.04)
0.98 (0.93-1.04)

1.02 (0.95-1.10)
0.98 (0.90-1.06)

IPQ
Identity (0-14) 0.81 (0.69-0.95)
Timeline (chronic) (6-30) 0.96 (0.89-1.04)
Consequences (6-30) 0.96 (0.89-1.03)
Personal control (6-30) 1.01 (0.94-1.10)
Treatment control (5-25) 1.00 (0.90-1.11)
lllness coherence (5-25) 0.97 (0.90-1.05)
Timeline cyclical (4-20) 1.00 (0.92-1.09)
Emotional representations (6-30) 1.03(0.97-1.09)

* Associations with reaching PASS at year 4, adjusted for baseline
AUSCAN pain, age, sex, and BMI. N = 356. Group not reaching PASS
as index. AUSCAN, Australian/Canadian Osteoarthritis Hand Index;
BMI, body mass index; CORS, Coping with Rheumatic Stressors;
HADS, Hospital Anxiety and Depression Scale; IPQ, lliness Percep-
tion Questionnaire; KL, Kellgren-Lawrence; MRI, magnetic reso-
nance imaging; PASS, Patient Acceptable Symptom State.

@ Adjusted for baseline pain, age, and BMI.

b Adjusted for baseline pain, sex, and BMI.

¢ Adjusted for baseline pain, age, and sex.

4 Compared to currently not working, excluding retirees (n = 161).

reinforced as a potential therapeutic target for pain in hand
OA. Whether treatment of the mental well-being of patients leads to
improvement in their pain outcomes requires further investigation.
Better hand function at baseline was associated with
improvement in pain. It has previously been shown that functional
limitations at baseline are associated with poor pain outcomes. 2

As such, an association between better function at baseline and
an improvement in pain was expected. Mechanistically, we
expect that a change in function follows a change in pain. How-
ever, patients reporting worse function may feel more limited by
their hand symptoms. They may then report those symptoms,
including pain, as more severe due to increased attention on
those symptoms. This could lead to a negative spiral and changes
in reported pain. Therapy supporting hand function might relieve
pain and should be investigated further.

Previous studies indicated that illness perceptions and
coping styles may be targets for interventions to improve hand
function.®®" Additional work showed that developing more
negative illness perceptions was associated with a worsening of
functional hand OA outcomes over six years.>? We add to this
finding that perceiving less consequences of hand OA is associ-
ated with an improvement in pain and that understanding the
disease better was associated with a deterioration in pain, indicat-
ing illness perceptions can also have effects on pain. lliness per-
ceptions may be a target to improve pain and function. The
positive association of coping using comforting cognitions with a
deterioration in pain reinforces that different coping styles may
also influence pain development. Increasing the patient’s resil-
ience to pain through education may therefore be of value in treat-
ing pain in hand OA. It should be noted that perceiving fewer
negative emotions due to the hand OA was associated with both
deterioration and improvement in pain. liness perceptions can
potentially have different effects in different patients, possibly
being dependent on other patient beliefs and personality traits.

The presence of comorbidities and use of analgesics were
not added to the models as covariates because of the size of the
confidence intervals obtained when attempting to do so. This
could be explained by the small strata underlying these analyses,
as the categorical variables yielded strata of <10 participants
when combined, before adding continuous variables
(Supplementary Tables S10 and S11). We employed stratification
instead. Some variables showed slightly different associations
over the strata, but no major differences or changes in the direc-
tion of the association were seen. The resulting confidence inter-
vals were wider, which can be explained by the smaller number
of participants per stratum of the analyses. The low number of
participants per stratum precludes drawing reliable conclusions
from these data.

Change may not be relevant to patients unless it leads to
“good” or “bad” outcomes. Good clinical outcome, defined as
reaching a PASS, was positively associated with baseline hand
function and negatively associated with the “identity” scale of
the IPQ, meaning that patients who attribute fewer symptoms to
hand OA are more likely to reach a PASS. These determinants
are associated with both change in pain and with patient satisfac-
tion after four years, emphasizing their importance. Being at
PASS after four years was also associated with a lower tender
joint count at baseline after adjustment for baseline pain, age,
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sex, and BM, indicating the number of affected joints may inde-
pendently influence patient satisfaction measured through pain.

No other associations between change in pain or pain out-
come and disease characteristics (Kellgren-Lawrence score,
presence of erosions, synovitis, and symptom duration) were
found after adjustment. This indicates that a cross-sectional
association with pain, which is known to exist for erosive disease,
does not necessarily indicate an association with change in pain,
as well.”*® The discordance between radiographic damage and
pain in hand OA has been described previously, and is again con-
firmed by our study.? Regarding symptom duration, no associa-
tion was expected given the lack of change in pain over time on
the group level. Change in synovitis measured on MRI was previ-
ously shown to be associated with change in pain on the joint
level."” Previous ultrasonography studies have also shown that
the association between synovitis and pain is stronger on the joint
level than on the patient level.® In the current study, we found no
effect between synovitis and pain on the patient level, indicating
the effect may have been diluted because of the large number of
joints contributing to the pain on patient level. This is exacerbated
by the fact that synovitis was only scored in eight joints (the PIP
and DIP joints of the right hand), which is a limitation in our study.

We used data from a large cohort, consisting of consecu-
tively referred patients with hand OA presenting at the rheumatol-
ogy outpatient clinic, only excluding patients with secondary OA
or hand symptoms due to other causes. This sample is therefore
expected to be representative of patients with hand OA seeking
care from a rheumatologist.

There were a few limitations to our study in addition to the
ones mentioned previously. Patients recruited from a secondary
or tertiary center may be only partly generalizable to the larger
hand OA population because not all patients with hand OA will
visit a rheumatologist. Another limitation is that this study investi-
gated the progression of hand OA pain in a cohort of patients with
hand OA and could have been affected by collider stratification
bias or selective loss to follow-up, most likely biasing found effects
toward the null.®* The real effects would then be larger than what
was found in this study. As stated previously, this study could also
suffer from residual confounding due to unmeasured variables,
skewing the results in either direction. As such, replication and
validation of these results is essential. We did not have data on
all potential factors of interest, such as repeated hand move-
ments. This is also a limitation of the current study that should
be complemented in future studies.

To conclude, in this study we found that over four years,
approximately 40% of patients will remain stable in their level of
pain, with 30% of patients experiencing deterioration and 30%
of patients experiencing improvement. The patients experiencing
deteriorations are identified by higher BMI, having paid work, cop-
ing through comforting cognitions, and illness coherence.
Patients experiencing improvements are identified by having paid
work, mental well-being (less signs of anxiety and depression),

more perceived consequences of hand OA, and better hand
function. Over four years, the number of patients at a PASS
slightly increased, which was associated with a lower number of
tender joints and better hand function at baseline. These results
can help inform patients and physicians. They may support the
selection of patients for trials. These observational results require
validation, but could represent modifiable risk factors, and require
further study in future trials.
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National Institute of Health and Care Excellence Clinical
Criteria for the Diagnosis of Knee Osteoarthritis:

A Prospective Diagnostic Accuracy Study in Individuals
With Type 2 Diabetes

Lauren K. King," © lan Stanaitis,” Vivian Hung,? Sahil Koppikar,? Esther J. Waugh,* Lorraine Lipscombe,?
and Gillian A. Hawker®

Objective. The National Institute of Health and Care Excellence (NICE) criteria for osteoarthritis (OA) obviate the
need for physical examination or imaging, and their use may improve timely diagnosis of OA. However, they have not
been validated.

Methods. Within a larger study of individuals with type 2 diabetes, participants with and without self-reported knee
pain underwent assessment of the NICE criteria for knee OA by questionnaire (index test) and clinical evaluation for
established or possible knee OA by a rheumatologist (reference standard). We calculated the sensitivity, specificity,
likelihood ratio positive (LR+), and likelihood ratio negative (LR-) of the NICE criteria and modified NICE criteria without
the stiffness criterion.

Results. Our study included 96 participants: the mean + SD age was 65.4 + 8.3 years and 52% were women. Indi-
viduals who fulfilled the NICE criteria for knee OA (55.2%) included a spectrum of pain severity on an 11-point pain
numeric rating scale with a median score of 5 (range 1-9). Rheumatologist assessment identified 56 participants
(58.3%) with symptomatic knee OA. The sensitivity, specificity, LR+, and LR- of the NICE criteria for symptomatic knee
OA were 0.84 (95% confidence interval [Cl] 0.74-0.94), 0.85 (95% CI 0.74-0.96), 5.6, and 0.19, respectively. For the
modified NICE criteria, these were 0.89 (95% CI 0.82-0.97), 0.85 (95% CI 0.74-0.96), 5.93, and 0.13.

Conclusion. The NICE criteria have high sensitivity and specificity for detecting symptomatic knee OA in a popula-
tion with type 2 diabetes. We found that a modified version, omitting the stiffness criterion, performed similarly. These
criteria should be validated in other settings and populations.

INTRODUCTION

Although knee osteoarthritis (OA) is a highly prevalent and
disabling disease,’ making a diagnosis of symptomatic knee
OA, particularly across the spectrum of OA illness and disease
severity, remains challenging for many clinicians. As a result,
symptomatic knee OA is underdiagnosed and underdocumented
by medical professionals,®® which in turn limits patients’ receipt
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of and engagement in OA care.* Making a diagnosis of knee OA
requires the integration of patient history and examination.®®
Radiographs are not required for diagnosis”® and in most cases,
if acquired, do not change the diagnosis or management plan.®'"
Radiographs alone cannot make a diagnosis of knee OA because
a negative study could falsely rule out knee OA in an individual
with early-stage preradiographic OA, and radiographic OA struc-
tural changes can be found in individuals without symptomatic
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SIGNIFICANCE & INNOVATIONS

+ The National Institute of Health and Care Excellence
(NICE) guideline on osteoarthritis (OA) recommends
that adults aged 245 years should be diagnosed
with knee OA without investigation if they have
activity-related knee pain and no morning joint-
related stiffness or morning stiffness <30 minutes.
Although the NICE criteria have been frequently
used and referenced in the literature, there is lim-
ited literature with respect to their operating
characteristics.

+ In this diagnostic accuracy study, we found high
sensitivity (84%) and specificity (85%) of the NICE cri-
teria for knee OA. Performance was similar with the
removal of the stiffness criterion. This suggests the
modified version of the NICE criteria may be a pref-
erable alternative.

+ Given that they are simple to apply and obviate the
need for physical examination or imaging, these cri-
teria overcome existing barriers to making a diag-
nosis of knee OA for a wide range of clinicians.

knee OA."? The requirement for history and physical examination
can be a barrier to making an OA diagnosis by clinicians less
experienced in musculoskeletal assessments.'® There is a need
for a simple yet accurate OA diagnostic tool to identify individuals
with knee OA within clinical care to improve the uptake of
evidence-based treatment and enhance patient outcomes. Addi-
tionally, this need extends into research where it is valuable to
have a pragmatic approach to the inclusion of individuals with
knee OA into clinical studies.

The National Institute of Health and Care Excellence (NICE)
guideline on OA recommends that adults aged >45 years should
be diagnosed with OA clinically, without investigation, if they have
activity-related knee joint pain and either no morning joint-related
stiffness or morning stiffness that lasts <30 minutes.® These cri-
teria were developed by expert consensus without validation
studies. Three studies that have assessed operating characteris-
tics of NICE criteria have been post hoc analyses of research data
in selected populations,'*'® with concern for both spectrum and
reference standard bias. In a cross-sectional analysis of 13,459
participants of the Good Life with OA in Denmark (GLA:D) pro-
gram with knee OA, the sensitivity of the NICE criteria compared
with physical therapist assessment of knee OA was 89%.' In
another study nested within the CHECK research cohort, Wang
et al found that the NICE criteria had a sensitivity of 46% to 94%
and specificity of 33% to 80%, depending on the number of
follow-up time points (between one and three follow-up time
points) in which participants fulfiled the criteria.’® The study
included individuals seeking first care for “knee complaints” in
general practice and only those with complete follow-up data,
and the reference standard for OA diagnosis was “expert consen-
sus” based on a retrospective assessment of the research data.

Finally, in a substudy of the ELSA-Brasil musculoskeletal study,
the authors reported sensitivity of 57% and specificity of 73%.
They included only participants with a knee radiograph within the
past year, altered the morning stiffness criterion of the index test
to <60 minutes, and they included the results of the radiograph
into the reference standard assessment.'® Thus, the accuracy of
the NICE criteria in a general medical population remains unclear.
Further, it is unknown whether the duration of morning joint stiff-
ness <30 minutes is important to the functioning of the criteria
given the known variability in joint stiffness reported by people liv-
ing with knee OA."”

Our objective was to prospectively evaluate the accuracy
of the NICE criteria for knee OA, and a modified version of the
NICE criteria with the stiffness criterion removed, against a
rheumatologist clinical assessment for knee OA. We hypothe-
sized that the criteria would show high sensitivity and specificity
for a rheumatologist diagnosis of knee OA and that removing
the stiffness criterion would not change the accuracy. Under-
standing the operating characteristics of the NICE criteria are
key to informing what role they play in the knee OA diagnostic
pathway.

PATIENTS AND METHODS

Study design and participants. This was a diagnostic
accuracy cross-sectional study nested within a larger multicenter,
cross-sectional study of individuals with type 2 diabetes. For the
larger study, we recruited participants age >45 years with type
2 diabetes who actively received care for type 2 diabetes
(at least one visit within the past year) from endocrinology clinics
at three academic hospitals in Toronto, Canada, between March
2022 and August 2023. We invited a subset of these participants
with and without self-reported knee pain to participate (aiming for
50% with/without) in this diagnostic accuracy substudy. We
invited consenting participants to attend a hospital outpatient
appointment where they completed a self-administered question-
naire evaluating the NICE criteria (index test) immediately followed
by clinical evaluation by a rheumatologist (reference standard).
The near simultaneous assessment was to avoid biases caused
by changes in participant disease status. A flow chart is shown
in Figure 1. Demographic characteristics and medical history
were assessed via online questionnaires as part of the larger
cross-sectional study.

We received research ethics approval from the Women’s
College Hospital Research Ethics Board (REB #2020-0129-E)
and the University of Toronto Office of Research Ethics
(#40735). We followed the Standards for Reporting Diagnostic
Accuracy reporting guideline.'®

Index test: NICE criteria for knee OA. The NICE guide-
line on OA states that “adults aged >45 years should be diag-
nosed with OA clinically without investigations if they have
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Figure 1. Flow chart of diagnostic accuracy study. NICE, National Institute of Health and Care Excellence.

activity-related joint pain and either no morning joint stiffness or
morning stiffness that lasts less than 30 minutes.”® The guidance
advises against further evaluation with imaging to diagnose OA
unless there are atypical features or features that suggest an alter-
native or additional diagnosis.®

To assess the NICE criteria for knee OA, participants self-
completed a paper questionnaire that ascertained the presence
of activity-related joint pain (“Do you have pain or aching in one
or both of your knee joints that comes on, or is made worse by,
activities such as standing, walking, or climbing stairs,” yes/no)
and the presence of morning joint stiffness <30 minutes (“Do
you have stiffness in your knee(s) after waking up in the morn-
ing?”, no/yes, up to 30 minutes/yes, 30 to 60 minute/yes, more
than 60 minutes).

Reference standard: rheumatologist clinical
diagnosis of knee OA. In a diagnostic test study, the test used
as the benchmark (or gold standard) to evaluate the index test is
called the reference standard.’® We selected rheumatologist
assessment of knee OA as the reference standard given that clin-
ical history and physical examination is the preferred way to make
a diagnosis of knee OA® and that rheumatologists are specialists
in the diagnosis and management of arthritis. An experienced
rheumatologist (LKK), blinded to participant responses to the
index test but not to the purpose of the study, conducted a stan-
dardized clinical assessment to identify the presence of estab-
lished knee OA (yes/no/possible). “Yes” indicated a clinical
impression that the participant had established knee OA based
on their clinical history (eg, knee joint symptoms, such as pain
and aching and/or stiffness, and typical onset/course) and exam-
ination (eg, presence of joint-line tenderness, stress pain, and lim-
itation in flexion and/or extension) without findings of an alternate

diagnosis. “No” indicated a clinical impression that the participant
did not have established knee OA. “Possible” indicated some
residual uncertainty about the diagnosis after the single assess-
ment in keeping with expected medical practice in which not all
diagnoses can be determined based on a single visit. The refer-
ence standard was applied to all participants, irrespective of their
response on the index test. As part of their assessment, partici-
pants were asked about the presence of diagnosed autoimmune
inflammatory arthritis or other rheumatic or musculoskeletal dis-
ease. If a diagnosis other than knee OA was identified as part of
the assessment, this was recorded by the rheumatologist. No
diagnostic imaging was performed as part of the study.

A second rheumatologist (SK) completed a subset (n = 11) of
assessments in duplicate to assess the reliability and reproducibil-
ity of the rheumatologist’s assessment. We calculated the agree-
ment (kappa) between the assessments of both rheumatologists.

Sample size. To detect an estimated sensitivity of 0.95,
specificity of 0.85, prevalence of disease of 0.50 (among those
assessed), precision of 0.10, and alpha of 0.05, we estimated that
a sample size of 98 participants®® would be required. Sensitivity
and specificity estimates were selected based on the hypotheses
of the research team.

Statistical analysis. \We described the characteristics of
the participants using mean + SD, medians (interquartile range
and/or range), and number (proportion), as appropriate. We cal-
culated the proportion who fulfilled the NICE criteria for knee OA,
defined as the presence of both activity-related knee joint pain
and moming knee joint stiffness <30 min in individuals aged
>45 years, and the modified NICE criteria, defined as the
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presence of activity-related knee joint pain in individuals aged
>45 years.

Sensitivity (the proportion of participants correctly identified
by the index test as having the reference standard) and specificity
(the proportion of participants correctly identified by the index test
as not having the reference standard) are basic measures of the
diagnostic accuracy of a test.?" We calculated the sensitivity and
specificity, with 95% confidence intervals (Cls), of the NICE criteria
and modified NICE criteria to detect symptomatic knee OA (yes or
possible). We considered yes or possible as positive given that
these are individuals who should be picked up for further assess-
ment and management. We also evaluated the likelihood ratio
positive (LR+) and LR negative (LR-). These compare the proba-
bility that the index test will be positive (LR+) or negative (LR-) in
someone with and without knee OA (yes or possible).

We generated receiver operator characteristic (ROC) curves
to evaluate the performance of both the NICE and modified NICE
criteria to discriminate individuals with rheumatologist assessed
knee OA versus not. We also calculated the area under the ROC
curve (AUC).

In our primary analysis, we apply the NICE criteria to all
patients evaluated in an unselected manner. In a secondary anal-
ysis, we assessed the criteria only in those without a clinician
diagnosis of another relevant chronic rheumatic and musculoskel-
etal disease (eg, rheumatoid arthritis).

To better understand the limitations of the NICE criteria, we
used rheumatologist notes and results from the standardized clin-
ical assessments to describe the characteristics of participants
denoted as false positive or false negative and those identified
as possible OA. We performed analyses using SAS Studio (ver-
sion 3.81; SAS Institute Inc., Cary, NC).

RESULTS

Participants. Of 351 participants included in our larger
study of people with type 2 diabetes, 96 participants consented
to participate in the current substudy and underwent the index
test and reference standard assessments. All 96 participants
were included in our primary analyses (Figure 1). Their mean +
SD age was 65.4 + 8.3 years, 51.6% were women, and the mean
+ SD body mass index was 29.4 + 6.6 kg/m? (Table 1). A total of
53 (65.2%) fulfilled the NICE criteria with a spectrum of illness
severity: the median pain Numeric Rating Score (range 0-10)
was 5 (range 1-9). A total of 56 (58.3%) fulfilled the modified NICE
criteria. The reference standard assessment identified 56 (58.3%)
participants with symptomatic knee OA (yes: n = 53 and possible:
n = 3). We presented participant characteristics in Table 1.

Accuracy of the NICE criteria and modified NICE
criteria. In our primary analysis of all 96 participants, the sensitiv-
ity and specificity of the NICE criteria for symptomatic knee OA
were 0.84 (95% Cl 0.74-0.94) and 0.85 (95% Cl 0.74-0.96),

respectively. The LR+ and LR- were 5.60 and 0.19, respectively.
The sensitivity and specificity of the modified NICE criteria for
symptomatic knee OA were 0.89 (95% CI 0.82-0.97) and 0.85
(95% CI 0.74-0.96), respectively. The LR+ and LR- were 5.93
and 0.13, respectively (Table 2). In our secondary analysis, after
removing four individuals with physician diagnoses of chronic
rheumatic and musculoskeletal disorders (rheumatoid arthritis
[n = 1], psoriatic arthritis [n = 1], and fibromyalgia [n = 2]), the cri-
teria performed similarly (Table 3).

Performance of NICE and modified NICE criteria.
ROC curves for both the NICE criteria and modified NICE
criteria are presented in Figure 2. The AUCs were as follows: NICE
criteria 0.85 (95% Cl 0.77-0.92) and modified NICE criteria 0.87
(95% CI 0.80-0.94). The curves were not statistically significantly
different (P = 0.08).

Characteristics of false positives and negatives.
False positives (ie, individuals who were positive for knee OA by
the NICE criteria but negative for knee OA by rheumatologist
assessment) included individuals with prior (self-limited) knee
pain, recent knee trauma, fibromyalgia, and infrapatellar bursitis.
Further details on the characteristics of the false positives are pre-
sented in Supplementary Table S2.

False negatives (ie, individuals who were negative for knee
OA by the NICE criteria but positive for knee OA by rheumatolo-
gist assessment) included individuals who self-identified as having
joint stiffness only and not “pain” (n = 2), those who reported
>30 minutes of morning joint stiffness (n = 3), and an individual
who described during clinical assessment that they tended to
minimize their joint symptoms. Further details on the characteris-
tics of the false negatives are presented in Supplementary
Table 2.

Characteristics of “possible OA” and validation of
rheumatologist assessment. \We identified three individuals
as having “possible OA” (ie, that additional information or longitu-
dinal follow-up was required to make a diagnosis of established
knee OA). For these individuals, history was compatible with knee
OA; however, there were minimal clinical findings on knee exami-
nation. Clinician suspicion was for initial manifestations of knee
OA.. Further details on the characteristics of those with “possible
OA” are presented in Supplementary Table 3. There was high
rheumatologist interrater reliability for OA diagnosis (weighted k =
0.86, 95% ClI 0.60-1.00).

DISCUSSION

In this prospective diagnostic accuracy study, we found that
the NICE criteria had high sensitivity and specificity for detecting
symptomatic knee OA as assessed by an experienced clinician.
Further, we found that a modified version without the stiffness
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Table 1. Characteristics of participants (n = 96)*

Knee OA by rheumatologist

Characteristic Overall (n =96) Yes (n = 56) No (n = 40)
Age, mean (SD), years 65.4(8.3) 65.4(7.7) 65.5(9.1)
Female sex, n (%) 50(52.1) 34 (60.7) 16 (40.0)
Body mass index, mean (SD), kg/m2 29.4 (6.6) 31.2(7.1) 7.0(5.0)
Race and ethnicity, n (%)
Black 8(8.3) 4(7.1) 4(10.0)
South Asian 7 (7.3) 6(10.7) 1(2.5)
East Asian 3(3.1) 0 (0) 3(7.5)
Southeast Asian 2(2.1) 2(3.6) 0(0)
White 56 (58.3) 32 (57.1) 24 (60.0)
Middle Eastern 2(2.1) 1(1.8) 1(2.5)
Other 16 (16.7) 9(16.1) 7(17.5)
Prefer not to answer 2(2.1) 2(3.6) 0(0)
Diabetes treatment, n (%)
Diet 51(53.7 29 (51.8) 23(57.5)
Exercise 57 (59.4 31 (55.4) 26 (65.0)
Oral medications 84 (87.5 49 (87.5) 35(87.5)
Insulin 50 (52.1 29 (51.8) 21(52.5)
Noninsulin injectable medications 31323 21 (37.5) 10 (25.0)
Comorbidities, n (%)
Stroke 9(9.4) 5(8.9) 4(10.0)
Heart disease 18(18.8 11 (19.6) 7 (17.5)
Gastrointestinal disease 27 (281 18 (32.1) 9(22.5)
Kidney disease 170177 12 (21.4) 5(12.5)
Respiratory disease 22 (239 15 (26.8) 7(17.5)
Anxiety or depression 24 (25.0 17 (30.4) 7(17.5)
Established (physician diagnosis) chronic RMD, n
Rheumatoid arthritis 1 1 0
Psoriatic arthritis 1 1 0
Fibromyalgia 2 1 1
Fulfilled the NICE criteria for knee OA, n (%) 53(55.2) 50 (89.3) 6(15.0)
Modified NICE criteria for knee OA, n (%) 56 (58.3) 47(83.9) 6(15.0)
Pain NRS (0-10) in those with knee pain, median (IQR) 53-7) 5.5 (3-7) (n = 48 observations) 5 (5-5) (n = 5 observations)

*IQR, interquartile range; NICE, National Institute of Health and Care Excellence; NRS, Numeric Rating Score; OA, osteoarthritis; RMD, rheu-

matic and musculoskeletal disease.

criterion performed similarly and is a parsimonious alternative to
the original NICE criteria. Given that the NICE criteria are easy to
administer (two to three items, depending on whether the stiff-
ness criterion is included), can be ascertained from self-report,
and do not require physical examination or imaging, they are an
important diagnostic tool for use within clinical practice and may
be particularly valuable for clinicians, both physicians and non-
physicians, who are not experts in musculoskeletal disease. The
uptake of these criteria may increase the number of people with

symptomatic knee OA who receive a clinician diagnosis, and, in
turn, this may facilitate an increased uptake of evidence-based
treatment.

This study provides important data on the accuracy of the
NICE criteria in individuals with a spectrum of knee joint symp-
toms, from none to severe, who were not presenting for joint
symptom evaluation and against the currently accepted gold
standard for knee OA diagnosis. By virtue of this, the study over-
comes limitations of prior studies that have evaluated the

Table 2. Accuracy of the NICE criteria (age >45 years, activity-related knee pain, and morning joint stiffness <80 min) and modified NICE criteria

(age =45 years and activity-related knee pain) (n = 96)*

Sensitivity Specificity Positive Negative
Rheumatologist diagnosis (95% Cl) (95% Cl) likelihood ratio likelihood ratio
NICE criteria Positive Negative 0.84(0.74-0.94) 0.85 (0.74-0.96) 5.60 0.19
Positive 47 6
Negative 9 34
Modified NICE criteria Positive Negative 0.89 (0.82-0.97) 0.85 (0.74-0.96) 5.93 0.13
Positive 50 6
Negative 6 34

* (Cl, confidence interval; NICE, National Institute of Health and Care Excellence.
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Table 3. Accuracy of the NICE criteria (age >45 years, activity-related knee pain, and morning joint stiffness <30 min)
and modified NICE criteria (age >45 years and activity-related knee pain) in participants without a physician diagnosis

of another RMD (n = 92)*

Rheumatologist Sensitivity Specificity Positive Negative
diagnosis (95% CI) (95% Cl) likelihood ratio likelihood ratio
NICE criteria Positive  Negative 0.83(0.73-0.93) 0.87(0.77-0.98) 6.38 0.20
Positive 44 5
Negative 9 34
Modified NICE criteria Positive Negative 0.89 (0.80-0.97) 0.87 (0.77-0.98) 6.85 0.13
Positive 47 5
Negative 6 34

* Cl, confidence interval; NICE, National Institute of Health and Care Excellence.

operating characteristics of the NICE criteria using retrospective
data from research cohorts in individuals with joint symp-
toms.'*'® The assessment of the modified NICE criteria further
adds to the literature. The improved sensitivity of the modified
NICE criteria suggested by our study may allow them to better
function as a screening tool, whereby a nonmusculoskeletal
expert could identify a patient as having possible OA and refer
for further evaluation and management. The rationale for the
requirement of <30 minute of morning joint stiffness to be diag-
nosed as OA remains unclear, as joint stiffness, even prolonged,
has been identified by patients as a key component of the OA
experience.'” More general advantages of employing the NICE
criteria include the ability to pick up individuals earlier in the dis-
ease course compared with the ACR classification criteria®® and
EULAR diagnostic criteria,?® which select for individuals with more
advanced symptoms, including functional impairment and joint
structural changes.?*

This study, through describing the false positives and nega-
tives, indicates that the time frame of symptoms and terminology
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used in ascertaining the NICE criteria are likely important, and
these are not specified in the NICE guidelines. In the current
study, some false positives involved patients who had previously
experienced knee symptoms (eg, due to fall) that had resolved.
Specifying a time frame, such as symptoms experienced within
last month, might improve specificity without compromising sen-
sitivity. Further, we identified false negatives that may have been
related to the terminology used. For the current study we asked
participants, “Do you have pain or aching in one or both of your
knee joints that comes on, or is made worse, by activities such
as standing, walking, or climbing stairs?”” This may not resonate
with all people with OA, for example those who experience pain
with kneeling while gardening. Future research should elucidate
the optimal time frame and terminology.

In addition to the important role for the NICE criteria to ease
identification of individuals with OA within clinical practice, the
NICE criteria are increasingly being used as part of inclusion cri-
teria in research studies. The high specificity of the NICE criteria
and modified NICE criteria support their use for this purpose.

e
ROC Curve (Area)
NICE criteria (0.8446)
Moditied NICE criteria (0.8714)
1.00

Figure 2. Paired ROC curves demonstrating the performance of the NICE criteria and modified NICE criteria to discriminate individuals with a
rheumatologist diagnosis of knee osteoarthritis. NICE, National Institute of Health and Care Excellence; ROC, receiver operating characteristic.
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These criteria present a pragmatic way to identify potentially eligi-
ble study participants compared with the ACR criteria,?? which
tend to identify individuals later in the illness and disease®*; physi-
cian diagnosis, which limits to those who have sought and
received medical care; or radiographs, which do not capture the
illness of OA and reflect an established or late-stage disease
process.

The study has many strengths. This is the first study, to our
knowledge, to prospectively validate the NICE criteria for knee
OA against a widely accepted reference standard. Participants
included those with and without knee symptoms. Those with
knee symptoms exhibited a broad spectrum of symptoms from
mild to severe, capturing the entirely of the OA illness and disease,
avoiding spectrum bias.?® The participants undertook both the
index and reference tests within a short time period. This reduced
biases caused by changes in disease status, which can affect the
diagnostic accuracy of the index test.2® Included individuals had
many other comorbidities, reflecting a medically complex popula-
tion in which identifying OA may be especially important to pre-
vent chronic disease complications.

This study has some limitations. We included only individuals
with type 2 diabetes given that this was substudy. People with
type 2 diabetes can develop vascular disease, neuropathy, and
foot ulcers affecting the lower extremities, which could increase
false positives. However, we did not identify these as reasons for
false positives in our study. Nonetheless, the criteria should be
validated in other settings and populations. Participants self-
completed the questionnaire, and it is unknown how the operat-
ing characteristics might change if administered by a clinician.
However, we suspect that, if anything, self-completion would bias
toward lower sensitivity. Given purposeful recruiting (we aimed for
50% with and without knee pain), this study cannot assess posi-
tive and negative predictive values. Finally, some studies have
suggested that there might be an inverse association between
disease prevalence and specificity; given that the prevalence of
knee OA in our study was higher than in the source population,
the true specificity may be higher.?”

In conclusion, in this diagnostic accuracy study completed in
people with type 2 diabetes with and without knee pain, we found
that the NICE criteria had high sensitivity (84%) and specificity
(85%) for rheumatologist diagnosis of knee OA. The modified
NICE criteria, in which the stiffness criterion was removed, per-
formed similarly (sensitivity of 89% and specificity of 856%). Given
its simplicity, we suggest that the modified NICE criteria may be
a preferable diagnostic tool and may be particularly valuable to
facilitate identifying knee OA in individuals within the care of other
chronic diseases and by nonmusculoskeletal experts. Further
research should confirm these results in different settings and
populations and look to optimize and standardize terminology
used and administration. The widespread use of an accurate
way to identify people with knee OA within medical care, without
the requirement for physical examination or imaging, has the

potential to improve the number of individuals with symptomatic
knee OA who receive a diagnosis and, by virtue of this,
evidence-based treatment.
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Risk of Incident Heart Failure and Heart Failure Subtypes
in Patients With Rheumatoid Arthritis
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Objective. Patients with rheumatoid arthritis (RA) are at increased risk of cardiovascular disease (CVD) including
heart failure (HF). However, little is known regarding the relative risks of HF subtypes such as HF with preserved ejec-
tion fraction (HFpEF) or reduced ejection fraction (HFrEF) in RA compared with non-RA.

Methods. We identified patients with RA and matched non-RA comparators among participants consenting to
broad research from two large academic centers. We identified incident HF and categorized HF subtypes based on
EF closest to the HF incident date. Covariates included age, sex, and established CVD risk factors. Cox proportional
hazards models were used to estimate the hazard ratios (HRs) for incident HF and HF subtypes.

Results. We studied 1,445 patients with RA and 4,335 matched non-RA comparators (mean age 51.4 and
51.7 years, respectively; 78.7% female). HFpEF was the most common HF subtype in both groups (65% in RA vs
59% in non-RA). Patients with RA had an HR of 1.79 (95% confidence interval [Cl] 1.38-2.32) for incident HF compared
with those without RA after adjusting for CVD risk factors. Patients with RA had a higher rate of HFpEF (HR 1.99, 95%
Cl 1.43-2.77), but there was no statistical difference in the HFrEF rate (HR 1.45, 95% CI 0.81-2.60).

Conclusion. RA was associated with a higher rate of HF overall compared with non-RA, even after adjustment for
established CVD risk factors. The elevated risk was driven by HFpEF, supporting a role for inflammation in HFpEF

and highlighting potential opportunities to address this excess risk in RA.

INTRODUCTION

Patients with rheumatoid arthritis (RA) are at increased risk
of cardiovascular diseases (CVD), such as myocardial infarc-
tion and stroke, compared with the general population.’?
Compared with ischemic heart disease, heart failure (HF) has
been relatively understudied in RA despite significant contribu-
tions to morbidity and mortality.®* Some prior studies have
shown a heightened risk for HF in patients with RA compared
with non-RA,®® but HF was generally studied as a single entity
and the differential risk of HF subtypes was limited by the need
for large RA cohorts with detailed clinical documentation of

Supported by NIH/National Institute of Arthritis and Musculoskeletal and
Skin Diseases (grants RO1-HL-127118 and P30-AR-072577). Dr Kawano's work
was supported by the NIH Ruth L. Kirschstein Institutional National Research
Service Award (grant T32-AR-007530).

"Yumeko Kawano, MD, Brittany N. Weber, MD, PhD, Gregory
C. McDermott, MD, MPH, Jeffrey A. Sparks, MD, MMSc: Brigham and Women's
Hospital and Harvard Medical School, Boston, Massachusetts; ?Dana Weisen-
feld, MS, Mary . Jeffway, BS, Tianrun Cai, MD, Qing Liu, MS: Brigham and
Women'’s Hospital, Boston, Massachusetts; 3Jennifer Stuart, ScD: Brigham
and Women's Hospital and Harvard T. H. Chan School of Public Health, Bos-
ton, Massachusetts; 4Jacob Joseph, MBBS, MD: Veteran's Affairs Healthcare
System, Boston, Massachusetts, and Veterans Affairs Healthcare System and
Brown University, Providence, Rhode Island; Tianxi Cai, ScD: Harvard T. H.

phenotypic data (ie, echocardiograms, cardiology notes)
required for such studies.

HF is a clinical syndrome characterized by symptoms, such
as dyspnea, lower extremity edema, and evidence of congestion,
that result from structural or functional abnormalities of the
heart’~®; this definition encompasses both HF with reduced ejec-
tion fraction (HFrEF), defined as EF <40%, as well as HF with pre-
served ejection fraction (HFpEF) with EF >50%. Despite some
overlap, there is increasing recognition of the different pathogene-
sis as well as treatment strategies of HFrEF compared with
HFpPEF.'%"" Although HFrEF is typically caused by myocardial
ischemic injury, HFpEF is thought to be associated with
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SIGNIFICANCE & INNOVATIONS

+ This study uses a large cohort of patients with and
without rheumatoid arthritis with detailed elec-
tronic health record data and leverages natural lan-
guage processing to extract ejection fraction to
examine the association between rheumatoid
arthritis and the risk of specific heart failure
subtypes.

+ Patients with rheumatoid arthritis are at higher risk
for heart failure and, in particular, heart failure with
preserved ejection fraction compared with those
without rheumatoid arthritis.

+ Our results support a role for inflammation in the
pathogenesis of heart failure with preserved ejec-
tion fraction and highlight opportunities to study
the role of anti-inflammatory therapy to inform pre-
vention and treatment of this condition in those
with rheumatoid arthritis and in the general
population.

pro-inflammatory metabolic conditions including obesity, diabe-
tes, and potentially systemic inflammatory conditions such as
RA.">7'* Abnormal coronary microvascular dysfunction (CMD)
caused by endothelial inflammation has been observed in HFpEF
and may be one of the mechanisms by which HFpEF develops in
RA." However, despite a rising incidence in the general popula-
tion, HFpEF remains relatively underdiagnosed in part because
of its more subtle preclinical stages.!" Understanding the risk of
HF and specific HF subtypes in RA has the potential to improve
screening, management, and ultimately cardiovascular outcomes
for patients with RA.

The objective of our study was to investigate the risk of HF
and HF subtypes, particularly HFpEF, between patients with RA
compared with those without RA. As a prototypical inflammatory
disease, we hypothesized that RA would be associated with
increased risk of HF overall, as observed in prior studies, and spe-
cifically with HFpEF. We also examined the differences in risk fac-
tors for HFpEF in RA compared with non-RA as an exploratory
analysis.

METHODS

Study design and data source. \We conducted a retro-
spective cohort study using data from the Mass General Brigham
(MGB) Biobank, a cohort of participants recruited from two large
academic care centers who consented to broad-based research.
The MGB Biobank is linked with electronic health record (EHR)
data. The EHR data include both structured data, such as Interna-
tional Classification of Diseases (ICD) codes and laboratory val-
ues, as well as unstructured data, including clinical notes and
imaging reports. The narrative data were extracted using natural

language processing (NLP) with the Narrative Information Linear
Extraction package.'®

Patient population. Patients with RA were classified
using a previously validated RA algorithm that combines ICD
codes and RA-related NLP concepts (terms related to the pheno-
type of interest) with a positive predictive value (PPV) of 91%.""
The index date for each patient with RA was the date of the first
RAICD code if followed by another RA ICD code within 6 months
or the first RA NLP concept, whichever was earlier. Compared
with a gold standard set of patients with RA for whom the diagno-
sis date was confirmed with manual medical record review, this
rule for the RA diagnosis date performed best with an intraclass
correlation coefficient of 0.88. We also required at least 90 days
between the date of the first encounter in the EHR and RA diag-
nosis date (Figure 1) to identify patients with incident RA.

Each patient with RA was matched to three comparators
without RA enrolled in the MGB Biobank. The comparators were
matched based on sex, the year of birth (within the same year),
and year of entry into the EHR (+ 2-year window). The index date
for each matched comparator was defined as an encounter
date closest to the matched patient with RA’s index date. Patients
who were aged <18 years at the index date and those with
<90 days of EHR history following the index date were excluded,
as were patients with prevalent HF diagnoses before and up to
90 days following the index date (Figure 1).

Incident HF and identification of HF subtypes.
Incident HF was ascertained using a previously validated algo-
rithm (PPV 0.90) that incorporates a combination of structured
and unstructured data from the EHR; the final algorithm included
a weighted equation of the number of HF ICD codes, HF NLP,
furosemide NLP, and total ICD counts.'® The incident HF date
was defined as the later date between the first HF ICD and the first
furosemide NLP dates, as described in our prior study.'®

We used the HF definition and classification criteria adopted
by the American Heart Association, American College of Cardiol-
ogy, Heart Failure Society of America, and the European Society
of Cardiology.®"® HFpEF was defined as HF with an EF >50%,
HFrEF was defined as HF with an EF <40%, and EF values in the
41%-49% range were classified as HF with moderately reduced
EF (HFmrEF)” (Figure 1). HF subtypes were categorized using
Extraction of Electronic Medical Record Numerical Data,'® an
NLP tool that extracts numerical data (ie, EF) from clinical notes
and cardiology reports (including echocardiograms, cardiac mag-
netic resonance imaging scans, and cardiac positron tomography
[PET] scans). The EF value closest to the HF incident date was
used in the analysis. Those with HFmrEF were included in the
overall HF outcome but not specifically studied as a separate out-
come because of small numbers.

Follow-up started from 90 days after the index date to the
earliest of incident HF (any type) to reduce the potential for
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MGB biobank
(n=115,012)
RA algorithm
RA patients
(n =1963)
Exclude patients with prevalent HF (n = 38)
Exclude patients <18 years of age (n = 6)
Exclude patients with <90 days from EHR
entry to index date or <90 days of follow up
fter index date (n = 474
after index date (n ) RA study cohort Non-RA comparators
(n =1445) (n = 4335)
HF algorithm
RA patients without RA patients with HF Non-RA comparators Non-RA comparators
HF (n = 1353) (n=292) with HF (n = 157) without HF (n = 4178)
Extract EF data
(EXTEND tool)
HFpEF HFrEF HFmrEF unclassified HFpEF HFrEF HFmrEF unclassified
(n = 60) (n=17) (n=11) (n=4) (n=292) (n = 35) (n=24) (n=6)

Figure 1. Study cohort selection of patients with RA and non-RA comparators. Patients with RA were first identified using a validated algorithm
for RA. Each patient with RA was matched with three non-RA comparators matched by birth year, sex, and EHR entry date (+2 years). The HF
algorithm was used to identify incident HF, and EXTEND was applied to extract EF from imaging studies and clinical notes closest to the HF inci-
dent date within 6 months. EF, ejection fraction; EHR, electronic health record; EXTEND, Extraction of Electronic Medical Record Numerical Data;
HF, heart failure; HFmrEF, heart failure with moderately reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF,
heart failure with reduced ejection fraction; MGB, Mass General Brigham; RA, rheumatoid arthritis. Color figure can be viewed in the online issue,
which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25481/abstract.

Covariates. We extracted demographic data and tradi-
tional cardiovascular risk factors. These included age at index
date, sex, self-reported race, body mass index (BMI), smoking

prevalent HF at the index date. Patients were observed until their
last encounter in the EHR, death, end of study (October
26, 2021), or 15 years, whichever occurred earliest (Figure 2).

Index date
(RA diagnosis)
Exclusion assessment jwindow
(Prior history of heart | failure) Event or
Days [-=, 90) censor date*
Covariate assessment window RA medication
(demographics and CVD risk factors) | assessment window
Days [-=, -1] [0, 90)
Inclusion assessment :
window (EHR entry >90 Ll
days before index date) !

-90 0 90
Time (days)

Figure 2. Overall study design to evaluate incident heart failure in patients with RA and non-RA comparators. *Censoring occurred at the earliest
of incident heart failure (of any type), death, last EHR encounter, end of study (October 26, 2021), or 15 years. CVD, cardiovascular disease; EHR,
electronic health record; RA, rheumatoid arthritis. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.25481/abstract.
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status, history of coronary artery disease (CAD), atrial fibrillation,
hypertension, hyperlipidemia, diabetes, stroke, and chronic kid-
ney disease at index date for RA and non-RA comparators.
Smoking status was classified as ever smoker versus never
smoker based on positive mentions of smoking NLP concepts
at or before the index date. Other comorbidities were ascertained
based on ICD-9 and 10 codes as used in prior studies®18:20:21
(Supplementary Table 1).

For the RA cohort, we also extracted RA-specific variables
including seropositivity (positive rheumatoid factor and/or antibodies
to cyclic citrullinated peptide or NLP for seropositivity) at any point
during the follow-up period. We also determined the use of cortico-
steroids and disease-modifying antirheumatic drugs (DMARDs) at
baseline (within 90 days following the index date) (Figure 2). Postba-
seline covariates, such as subsequent DMARD choice, nonsteroidal
anti-inflanlnmatory medication use, and disease activity, were not col-
lected but may mediate the associations with outcomes.

Statistical analysis. The exposure of interest was RA ver-
sus non-RA status. Summary statistics for baseline characteristics
of the cohort were reported as mean + SD, median (interquartile
range), or count (percentage), as appropriate; between-group
comparisons were made using t-tests or chi-square tests.

Incident rates for HF overall and specific HF subtypes (HFpEF
and HFrEF) were reported per 1,000 person-years. Time to incident
HFpEF and HFrEF outcomes were assessed and displayed with
cumulative incidence curves treating death as a competing event.
We constructed unadjusted and adjusted multivariable Cox pro-
portional hazards models to estimate the hazard ratios (HRs) for
HF overall, HFpEF, and HFrEF. The models were adjusted by
covariates selected a priori and included age, sex, and traditional
CVD risk factors associated with HF: history of CAD, atrial fibrilla-
tion, hypertension, hyperlipidemia, diabetes, stroke, chronic kidney
disease, and BMI. We used a cause-specific hazards model to
examine the HF subtype outcomes (HFpEF and HFrEF), censoring
patients who developed other HF subtypes at their HF diagnosis
date. As an exploratory analysis, we stratified by RA status to
enable a comparison of important clinical risk factors for HF and
HFpEF between patients with and without RA.

We performed several sensitivity analyses. We examined a
more stringent incident RA cohort using a longer run-in period of
at least 1 year between the EHR entry date and the first RA code.
We also used a Fine-Gray subdistribution hazard model as an
alternate model to account for competing risk for the different HF
subtypes. All analyses were performed using R version 4.2.1
(http:// www.r-project.org/). This study was approved by the
MGB institutional review board.

RESULTS

Among 1,963 patients who had incident RA, 1,445 met our
inclusion and exclusion criteria (Figure 1), and they were matched

ina 1:3 ratio to 4,335 comparators without RA. Baseline charac-
teristics are shown in Table 1. The mean + SD age was 51.4 +
13.5 years for RA and 51.7 + 18.4 years for non-RA cohorts,
and 78.7% of both cohorts were female. Baseline comorbidities
were similar between the two cohorts, except for CAD, which
was more common in RA (10.9% in RA vs 8.5% in non-RA). The
mean = SD BMI was also slightly higher in RA (28.7 + 6.7 kg/m?
vs 28.1 + 6.9 kg/m?), and patients with RA were more likely to
have ever smoked (30.9% vs 27.3%).

Over a combined 57,445 person-years of follow-up (median
10.3 years per patient), we identified 92 incident HF cases in RA
and 157 incident HF in the non-RA cohorts (Table 2). HFpEF
was the predominant HF subtype in both cohorts, accounting
for 65.2% and 58.6% of all HF cases in RA and non-RA cohorts,
respectively. The overall HF incidence rate was higher in RA than
in non-RA comparators (6.63 vs 3.60 per 1,000 person-years).
The incidence rate for HFpEF was higher in RA compared with

Table 1. Baseline characteristics of patients with RA and non-RA
comparators in the Mass General Brigham Biobank*

Non-RA
Patients with RA  comparators
Variable (n =1,445) (n =4,335)
Age, mean (SD), y 51.4(13.5) 51.7(13.4)
Female sex, n (%) 1,137 (78.7) 3,411 (78.7)
Race, n (%)
Asian 33(2.3) 107 (2.5)
Black or African American 97 (6.7) 223(5.1)
Other 52 (3.6) 124(2.9)
White 1,204 (83.3) 3,746 (86.4)
Unknown 59 (4.1) 135(3.1)
Hispanic ethnicity, n (%) 38(2.6) 91 (2.1)
Hypertension, n (%) 381 (26.4) 1,096 (25.3)
Hyperlipidemia, n (%) 396 (27.4) 1,186 (27.4)
Diabetes, n (%) 130 (9.0) 347 (8.0)
Chronic kidney disease, n (%) 52 (3.6) 127 (2.9)
Atrial fibrillation, n (%) 37(2.6) 125(2.9)
Coronary artery disease, n (%) 157 (10.9) 367 (8.5)
Stroke, n (%) 80 (5.5) 228 (5.3)
Ever smoker, n (%)° 447 (30.9) 1,185 (27.3)
BMI, mean (SD),? kg/m? 28.7(6.7) 28.1(6.9)
RA-related factors
Seropositive 853 (59.0) -
Baseline medications®
Glucocorticoids 720 (49.8) -
Methotrexate 573 (39.7) -
Other csDMARDs 489 (33.8) -
TNF inhibitors 159 (11.0) =
Other b/tsDMARDs 39(2.7) -

* Patients with RA were matched to three non-RA comparators
based on age, sex, and year of entry into the electronic health
record (+2 years). All baseline characteristics were well matched in
the two cohorts with some exceptions: a higher proportion of
patients with RA had preexisting coronary artery disease, had ever
smoked, and had higher baseline BMI. BMI, body mass index;
b/tsDMARD, biologic and targeted synthetic disease-modifying anti-
rheumatic drug; csDMARD, conventional synthetic DMARD; RA,
rheumatoid arthritis; TNF, tumor necrosis factor.

ap<0.01.

b Medications prescribed in the electronic health record within 90
days of the index date.
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Table 2. Risk of incident HF and HF subtypes in patients with RA
and non-RA comparators®

Non-RA
Patients with comparators
Summary data RA (n = 1,445) (n=4,335)
Total follow-up time, person- 13,877 43,568
years
Median follow-up time (IQR), 9.6 (5.7-15.0) 10.5(6.2-15.0)
years
Overall HF
Cases, n 92 157
Incidence rate per 1,000 6.63 3.60

person-years

Unadjusted hazard ratio 1.84(1.42-2.38)" 1.00 (reference)

(95% Cl)
Adjusted hazard ratio® 1.79 (1.38-2.32)" 1.00 (reference)
(95% Cl)
HF with preserved EF
Cases, n 60 92
Incidence rate per 1,000 433 2.11

person-years

Unadjusted hazard ratio 2.05(1.48-2.84)° 1.00 (reference)

(95% Cl)
Adjusted hazard ratio® 1.99 (1.43-2.77)° 1.00 (reference)
(95% Cl)
HF with reduced EFY
Cases, n 17 35
Incidence rate per 1,000 1.23 0.80

person-years

Unadjusted hazard ratio
(95% Cl)

Adjusted hazard ratio®
(95% Cl)

* BMI, body mass index; Cl, confidence interval; EF, ejection fraction;
HF, heart failure; IQR, interquartile range; RA, rheumatoid arthritis.
3 p <0.05.

b Adjusted for age, sex, and cardiovascular disease risk factors:
baseline history of coronary artery disease, diabetes, hypertension,
hyperlipidemia, atrial fibrillation, chronic kidney disease, stroke,
and BMI.

¢ Defined as having an EF >50%.

9 Defined as having an EF <40%. Those with a moderately reduced
EF of 41% to 49% were included in the overall HF but excluded from
the HF subtypes above.

1.54(0.86-2.74)  1.00 (reference)

1.45(0.81-2.60) 1.00 (reference)

non-RA (4.33 vs 2.11 per 1,000 person-years). The incidence rate
for HFrEF did not differ significantly between the two groups (1.23
vs 0.80 per 1,000 person-years), although the total number of
HFrEF events were small. A total of 31 patients with RA and
138 non-RA patients died during follow-up. Cumulative incidence
curves for HFpEF and HFrEF between patients with RA and non-
RA comparators, adjusting for the competing risk of death, are
shown in Figure 3.

In the unadjusted Cox proportional hazards model, RA sta-
tus was associated with increased hazard of HF overall
(HR 1.84, 95% confidence interval [Cl] 1.42-2.38) and HFpEF
(HR 2.05, 95% CI 1.48-2.84) but not HFrEF (HR 1.54, 95% ClI
0.86-2.74) (Table 2). In the multivariable model adjusting for age,
sex, and traditional CVD risk factors (history of CAD, atrial fibrilla-
tion, hypertension, hyperlipidemia, diabetes, stroke, chronic kid-
ney disease, and BMI), RA status was significantly associated
with increased risk of HF overall (HR 1.79, 95% CI 1.38-2.32).

Examining the HF subtypes, RA status was significantly associ-
ated with HFpEF (HR 1.99, 95% Cl 1.43-2.77) but not HFrEF
(HR 1.45, 95% Cl 0.81-2.60).

In the exploratory analysis stratifying by RA status to com-
pare clinical risk factors for HF and the HF subtypes between RA
and non-RA comparators, we found that traditional CVD risk fac-
tors such as older age, BMI, and CAD history increase the hazard
for HF overall in both groups (Table 3). Although female sex was
associated with lower risk of HF overall in non-RA, it did not have
as strong a protective effect among patients with RA. With regard
to incident HFpEF, older age and higher BMI increased the risk for
HFpEF in both groups; diabetes and stroke were also associated
with increased risk of HFpEF among patients with RA but not
among non-RA comparators.

In the sensitivity analysis with a more stringent criteria for inci-
dent RA requiring at least 1 year of EHR history before the RA
diagnosis date/index date, we identified 1,329 patients with
RA matched to 3,987 non-RA comparators. Similar to the primary
analysis, we found that the incidence rate of HF overall was higher
in RA compared with non-RA (6.63 vs 3.92 per 1,000 person-
years), as was the incidence rate for HFpEF (4.35 vs 2.69 per
1,000 person-years). In multivariable Cox proportional hazards
models (adjusting for the same covariates as in the primary analy-
sis), we found similar results to the primary analysis, with a higher
rate of HF overall (HR 1.66, 95% Cl 1.27-2.17) and HFpEF
(HR 1.59, 95% CI 1.14-2.21) but not HFrEF (HR 1.47, 95% Cl
0.77-2.81) in RA compared with non-RA (Supplementary
Table 2).

Using a Fine-Gray subdistribution hazard model of HFpEF
(treating other HF subtypes as competing risk), the results were
similar to the primary cause-specific model. Patients with RA
had a higher hazard of HFpEF (adjusted HR 1.93, 95% CI 1.38-
2.68) but not HFEF (HR 1.37, 95% CI 0.76-2.49)
(Supplementary Table 3).

DISCUSSION

In this study investigating the association of RA and HF with a
focus on HF subtypes, patients with RA were at increased risk for
HF overall and HFpEF compared with matched non-RA compar-
ators after adjusting for known risk factors related to CVD. RA
was not found to be an independent risk factor for HFrEF,
although our findings regarding HFrEF are limited by small num-
bers. This study builds on prior literature demonstrating RA as a
risk factor for HF and provides further detail that the signal is
largely driven by risk for HFpEF.

Our findings of an estimated 79% increased risk for HF in RA
compared with non-RA are in line with prior epidemiologic stud-
ies.?? In one large population-based study conducted in the pre-
biologic era, the risk for HF in RA was estimated to be as high as
HR of 1.87 (95% Cl 1.47-2.39).% In a more contemporary cohort,
the HR was 1.21 (95% ClI 1.03-1.42).° Furthermore, in the
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Figure 3. Cumulative incidence curves for HFpEF (top) and HFrEF (bottom) stratified by RA status, adjusting for the competing risk of death.
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; RA, rheumatoid arthritis.

present study, the increased risk for HF in RA was driven by
HFpEF rather than HFrEF. Few prior studies have examined HF
subtypes specifically, likely because of the difficulty in identifying
a sufficiently sized RA cohort with EF data in a format that can
be used for large cohort analyses. Several studies have observed
that patients with RA with HF tended to have higher EFs and evi-
dence of diastolic dysfunction (one of the features of HFpEF)

compared with non-RA patients with HF,*2% which aligns with
our findings.

In one prior study, patients with RA were noted to have a
heightened risk of nonischemic HF (defined by the absence of
ICD codes for ischemic heart disease) compared with ischemic
HF in the year following their RA diagnosis®*; although EF values
were not available in their study, ischemic heart disease is typically
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Table 3. Factors associated with incident HF overall and incident HFpEF among RA and non-RA comparators*

HF overall, HR (95% Cl)

HFpEF, HR (95% Cl)

Clinical factors RA Non-RA RA Non-RA
Age 1.04 (1.02-1.07)7 1.06 (1.04-1.07)° 1.06 (1.03-1.09)° 1.07 (1.05-1.10)%
Female sex 0.70 (0.44-1.10) 0.69 (0.49-0.98)° 1.06 (0.58-1.94) 0.68 (0.43-1.06)
BMI 1.08 (1.05-1.11)2 ) 1.07 (1.04-1.11)7 1.05 (1.03-1.06)%

Hypertension

1.30(0.74-2.29)

(
1.04(1.03-1.05)°
1.55(1.02-2.36)°

1.57(0.78-3.17y°

1.94(1.13-3.35°

Hyperlipidemia 0.72 (0.40-1.30) 0.76 (0.50-1.15) 0.72(0.35-1.49) 0.72(0.42-1.23)
Diabetes 1.72 (0.99-2.99) 1.64 (1.06-2.53) 2.12(1.09-4.12) 1.07 (0.59-1.94)
Coronary artery disease 2.11(1.18-3.78)° 2.32(1.54-3.50)° 1.82(0.89-3.73) 2.12(1.26-3.57)°
Stroke 3.01 (1.65-5.48) 1.57 (0.95-2.58) 2.75(1.31-5.81)y° 1.76 (0.97-3.21)
Atrial fibrillation 1.56 (0.71-3.42) 1.58(0.92-2.72) 1.33(0.49-3.64) 2.45 (1.36-4.43)°
Chronic kidney disease 1.19(0.57-2.48) 1.06 (0.56-2.04) 1.19(0.49-2.89) 1.22 (0.56-2.64)

* Multivariable Cox proportional hazards model for incident HF overall and HFpEF stratified by RA status. BMI, body
mass index; Cl, confidence interval; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HR, haz-

ard ratio; RA, rheumatoid arthritis.
a p<0.05.

associated with HFrEF. A recent Swedish registry-based study
found that RA was more strongly associated with HF with EF
>40% than EF <40% (odds ratio [OR] 1.7, 95% CI 1.4-2.0 vs
OR 1.5, 95% Cl 1.2-1.8)%°; however, this association was driven
more by HFmrEF (EF 40%—-49%) than by HFpEF (EF >50%). Our
study corroborates prior studies in which no increased risk for
HFrEF was observed among the RA cases; however, the lack of
signal in our study may also be due to a relatively small number
of individuals with RA who developed an event.

HFpEF was the most commmon subtype of HF in our study,
accounting for 65.2% of HF cases among patients with RA and
58.6% in the non-RA comparators. Prior studies have similarly
noted that HFpEF was the predominant subtype among patients
with RA and non-RA comparators®22; this may be a reflection of
the rising incidence of HFpEF in the general population,’"2® but
it nevertheless points to the importance of recognizing the HFpEF
subtype in patients with RA. Some of the clinical risk factors for
HFpEF in the general population include older age, higher BMI,
atrial fibrillation, and diabetes mellitus.?”?® Obesity and insulin
resistance were particularly noted to be associated with HFpEF
among women.® In the few studies investigating risk factors for
HFpEF in the RA population, high levels of markers of inflamma-
tion (erythrocyte sedimentation rate and C-reactive protein) and
high disease activity (Disease Activity Score-28) were noted to
be associated with HFpEF.5 182324 HFpEF was the most com-
mon subtype of HF in our study, accounting for 66.3% of HF
cases among patients with RA and 56.4% in the non-RA compar-
ators. Prior studies have similarly noted that HFpEF was the pre-
dominant subtype among patients with RA as well as among
non-RA comparators®23; this may be a reflection of the rising inci-
dence of HFpEF in the general population, "2 but it nevertheless
points to the importance of recognizing the HFpEF subtype in
patients with RA. Some of the clinical risk factors for HFpEF in
the general population include older age, higher BMI, atrial fibrilla-
tion, and diabetes mellitus.?”*® Obesity and insulin resistance
were particularly noted to be associated with HFpEF among

women.?® In the few studies investigating risk factors for HFpEF
in the RA population, high levels of markers of inflammation (eryth-
rocyte sedimentation rate and C-reactive protein) and high dis-
ease activity (Disease Activity Score-28) were noted to be
associated with HFpEF.518:2324 Our study builds on these stud-
ies and suggests that known cardiometabolic risk factors for HF,
such as diabetes and obesity represented by higher BMI, con-
ferred similar risk in RA and non-RA. BMI, however, has a com-
plex relationship with RA and inflammation and may have a
mediating role between RA and CVD. Furthermore, BMI has been
found to have divergent effects on markers of inflammation based
on sex in patients with RA,3° and whether these sex differences
translate into different CV risk profiles for men and women with
RA requires further study.

Over the past decade, there has been increasing aware-
ness of different phenotypes of HFpEF beyond diastolic dys-
function related to systemic hypertension. Particularly relevant
to the rheumatology patient population is the inflammatory-
metabolic phenotype, wherein systemic inflammatory states
(such as obesity, diabetes, and systemic inflammatory dis-
eases) are thought to induce CMD.'®"%8" Specifically, proin-
flammatory cytokines including tumor necrosis factor a
(TNFa), TNFa receptor 1, interleukin (L) 6, IL-1, and others
reduce endothelial production of nitric oxide, resulting in down-
stream effects that increase cardiomyocyte stiffening, hypertro-
phy, and myocardial fibrosis®>3® and the clinical syndrome of
HFpEF. Indeed, CMD as measured by impaired coronary flow
reserve on cardiac PET scans have been observed in patients
with RA without clinical CVD, especially in those with high IL-6
levels.®*3® Whether CMD portends future HF risk (particularly
HFpEF) and whether targeted anti-inflammatory therapies miti-
gate HFpEF risk in this population require further study. Never-
theless, minimizing comorbidities, such as diabetes and
obesity, and controlling systemic inflammation in RA undoubt-
edly contribute to lowering the high CV risk burden in this pop-
ulation and should be pursued aggressively.*®
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Although HFpEF was once considered to have limited treat-
ment options compared with HFrEF, the paradigm shifted after a
landmark study in 2021 found that empaglifiozin, a
sodium-glucose cotransporter 2 inhibitor, reduced the risk of car-
diovascular death and HF hospitalizations among patients with
HFpEF.G‘7 Moreover, there has been increasing interest in the
use of anti-inflammatory therapies for treatment of HFpEF. An
analysis of the Canakinumab Anti-inflammatory Thrombosis Out-
come Study (CANTOS) trial showed a dose-dependent decrease
in HF hospitalizations with the use of the IL-1B monoclonal anti-
body canakinumab.*® Following promising recent studies show-
ing the association of IL-6 levels with incident HFpEF in the
general (nonrheumatologic) population,®*“° a large clinical trial is
currently underway to study a novel IL-6 ligand monoclonal anti-
body (ziltivekimab) for the treatment of HFpEF and HFmrEF in
the general cardiology population.*! In the future, such studies
could inform the treatment of patients with RA with HFpEF or car-
diometabolic risk factors for HFpEF and highlight the importance
of screening for HFpEF in this population.

Our study has several limitations. The study was conducted
at an academic tertiary hospital system among participants in a
Biobank, which may introduce selection bias as well as limitations
in diversity and geography. Thus, the findings may not be general-
izable to the general population. The study also did not account
for postbaseline variables that may mediate associations, such
as chronic nonsteroidal anti-inflammatory medication or steroid
use, or specific DMARD use. Disease activity was also unavailable
but likely mediates the association with HF outcomes. In addition,
although the HF algorithm and the NLP method for extracting EF
data were previously validated'®'® and allowed us to effectively
use EHR data, we relied on the availability of clinically performed
cardiology studies for HF subtyping. Therefore, if patients
received cardiology care or had cardiac imaging performed out-
side of the MGB system, we would not be able to ascertain their
HF status or subtype. Additionally, although we sought to identify
incident patients with RA by requiring 90 days of EHR history
before any RA ICD code or NLP concept for RA, it is possible that
there are patients whose RA diagnosis dates preceded the EHR
entry date. We performed a sensitivity analysis using a more strin-
gent criteria for incident RA, and the results were similar to those
of the primary analysis. In our exploratory analysis comparing dif-
ferent risk factors for HF among RA and non-RA, we were under-
powered to study HFrEF risk owing to the small number of events.
Finally, CV comorbidities were ascertained using the common
approach of using ICD codes; however, the PPVs can range from
71% 10 95%.°18:2021

In summary, we observed that RA was an independent risk
factor for incident HF, specifically HFpEF and not HFrEF, after
adjusting for traditional CV risk factors associated with
HF. Although the clinical risk factors for HFpEF did not vary sub-
stantially between RA and non-RA comparators, older age, higher
BMI, and diabetes were associated with greater HFpEF risk in

RA. RA can be considered a human model for inflammation, and
findings from this study support the notion that chronic inflamma-
tion increases risk for HFpEF. Because inflammation is modifiable
with anti-inflammatory medications, further studies are needed to
determine whether anti-inflammatory therapies have the potential
to reduce risk of HFpEF in those with RA and in other individuals
with chronic inflammation.
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Immunosuppressive Drugs in Early Systemic Sclerosis and
Prevention of Damage Accrual

Murray Baron,’ ) Mandana Nikpour,? Dylan Hansen,® Susanna Proudman,* *) and Wendy Stevens,®
on behalf of the Australian Scleroderma Interest Group and the Canadian Scleroderma Research Group,
and Mianbo Wang®

Objective. Organ damage in patients with systemic sclerosis (SSc) in individual organs such as the lungs may be
prevented by receiving immunosuppressive drugs (ISs). A new measure of global organ damage, the Scleroderma Clin-
ical Trials Consortium Damage Index (SCTC-DI), has allowed us to investigate whether receiving ISs may reduce global
organ damage accrual in patients with early SSc.

Methods. This was a retrospective study of patients with two or less years of disease duration in Canadian and
Australian cohorts with SSc. Patients with either limited cutaneous SSc (IcSSc) or diffuse cutaneous SSc (dcSSc) were
observed separately and divided into groups who were either ever or never exposed to ISs. The SCTC-DI was the out-
come, and inverse probability of treatment weighting (IPTW) was used to balance the study groups and to fit a marginal
structural generalized estimating equation model.

Results. In the cohort with IcSSc, there were 210 patients, of whom 34% were exposed to ISs at some time. Expo-
sure to ISs was associated with lower damage scores. In the cohort with dcSSc, there were 192 patients, of whom 76%
were exposed to ISs at some time. Exposure to ISs was not associated with damage scores.

Conclusion. In this retrospective observational cohort study, using IPTW to adjust for confounders, we found a
protective effect of receiving ISs on damage accrual in patients with IcSSc. We were unable to determine such an effect
in patients with dcSSc, but unknown confounders may have been present, and prospective studies of patients with

dcSSc receiving ISs should include the SCTC-DI to determine the possible effect of ISs on damage accrual.

INTRODUCTION

Systemic sclerosis (SSc) is an autoimmune disorder charac-
terized by vasculopathy, immunologic abnormalities, and fibrosis,
affecting both skin and visceral organs. Although there is no
cure, accumulating evidence shows that immunosuppression
may be effective in stabilizing and perhaps improving manifes-
tations of SSc, including skin thickening and interstitial lung dis-
ease (ILD)."™"" Current recommendations support prescribing

Supported by the Canadian Scleroderma Research Group (CSRG), which
is funded by the Canadian Institutes of Health Research, Scleroderma
Canada, the Scleroderma Society of Ontario, the Scleroderma Association
of Saskatchewan, Scleroderma Manitoba, the Scleroderma Society of Nova
Scotia, the Scleroderma Association of British Columbia, the Cure Sclero-
derma Foundation, the Canadian Blood and Marrow Transplant Group,
and the Lady Davis Institute of Medical Research of the Jewish General Hos-
pital, Montreal, Quebec, Canada. The CSRG has also received educational
grants from Actelion pharmaceuticals and Mallinckrodt. The Australian
Scleroderma Cohort Study is supported by research grants from Janssen,
Boehringer Ingelheim, Australian Rheumatology Association, and Arthritis
Australia. Dr Nikpour's work was supported by the National Health and
Medical Research Council of Australia Emerging Leadership (investigator
grant GNT-1176538).

1Murray Baron, BSc, MDCM, FRCP (C): Jewish General Hospital, McGill
University, Montreal, Quebec, Canada; ’Mandana Nikpour, MBBS, FRACP,

640

immunosuppressive drugs (ISs) for treatment of these manifes-
tations of SSc.?

Organ damage is common and an important cause of mor-
tality and morbidity in patients with SSc, and irreversible organ
damage is accrued very early in the disease course, with 40% of
patients having damage in one or more organ systems within
two years of disease onset.'?™'® The relationship between immune
abnormalities and organ damage is not completely clear, but stud-
ies have suggested that immunologic changes can ultimately lead
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SIGNIFICANCE & INNOVATIONS

+ The effect of receiving immunosuppressive drugs in
patients with systemic sclerosis (SSc) on global dam-
age has not been assessed before.

+ Using the Scleroderma Clinical Trials Consortium
Damage Index and data from Canada and
Australia, we assessed the effect of receiving immu-
nosuppressive drugs in patients with SSc on global
damage.

+ In patients with early disease, we have found that
receiving immunosuppressive drugs reduces dam-
age accrual in patients with limited cutaneous SSc.

+ More research is needed to assess the effect of
receiving immunosuppressive drugs on global dam-
age in patients with early diffuse cutaneous SSc.

to tissue fibrosis, a hallmark of disease damage in SSc.'®° It was
previously difficult to quantitate organ damage accrual in SSc, but
the development and validation of the Scleroderma Clinical Trials
Consortium Damage Index (SCTC-DI) has opened the door to
studies of damage accrual in this disease.'®'*

The objective of this study was to assess the relationship
between receiving ISs and the development of organ damage
over time in a longitudinal observational cohort of patients with
SSc. The ISs assessed were methotrexate (MTX), cyclophos-
phamide (CYC), azathioprine (AZA), and mycophenolate (MPA).
Our hypothesis was that receiving ISs would prevent the devel-
opment of damage compared to not receiving such medica-
tions. To adjust for imbalance in measured confounders
between groups who were and were not exposed, inverse prob-
ability of treatment weighting (IPTW) was used to balance the
characteristics of the two patient groups.

PATIENTS AND METHODS

Study populations. Participants were recruited from the
Canadian Scleroderma Research Group (CSRG) registry and
from the Australian Scleroderma Cohort Study (ASCS). The
CSRG recruits and follows patients from 15 centers in Canada
and Mexico. These centers see local and regional referrals. All
patients must have a diagnosis of SSc (confirmed by an experi-
enced rheumatologist), be >18 years of age, provide informed
consent, and be fluent in English, French, or Spanish. Over 98%
of the cohort meets the 2013 American College of Rheumatology
(ACR)/EULAR classification criteria for SSc.?’ The ASCS is an
Australian multicenter cohort study of risk and prognostic factors
in SSc. The ASCS and CSRG have been approved by all human
research ethics committees of participating sites. For a complete
list of members of the Australian Scleroderma Interest Group
and the CSRG, who collected data for this paper and reviewed
the manuscript, see Appendices A and B. All participants met
ACR/EULAR criteria for SSc.2" Written informed consent was

obtained from all participants at recruitment. We included only
those participants recruited within two years of onset of the first
non-Raynaud manifestation of SSc. Patients with diffuse cutane-
ous SSc (dcSSc) were defined by skin thickening proximal to the
elbows or knees and/or trunk at any time. Ethics committee
approval for this study was obtained at the Jewish General Hospi-
tal, Montreal, Canada (approval number 2019-1597) and at all
participating CSRG study sites. Ethics approvals for Australian
data were obtained from St. Vincent’s Hospital Melbourne
(approval number LRR 012/21) and all participating ASCS sites.

Exposure. Medication exposure was recorded yearly by
study physicians and coded as current, past, or never. Patients
were recorded at each visit as being exposed or not to ISs (MTX,
CYC, AZA, or MPA). At the baseline visit either no IS, current IS,
or IS not current but before the visit exposure was recorded. In
our analysis, “immunosuppressants before baseline” refers to ISs
not received at the baseline visit but only before that visit.

SCTC-DI. The SCTC-DI measures global irreversible dam-
age in patients with SSc and was developed to be highly corre-
lated with mortality and morbidity (measured by the 36-item
short-form (SF-36) survey).?? Validated and published in 2019,
its development was an international collaboration among
22 experts with input from patient partners using a combined
approach of consensus and data-driven methods. The index is
composed of 23 differently weighted items in several organ sys-
tems (musculoskeletal, skin, vascular, gastrointestinal, respira-
tory, cardiovascular, and renal). Low, medium, and high SCTC-
DI scores are defined as <5, 6 to 12, and >13, respectively, with
amaximum score of 55. For the definition of the individual compo-
nents of the SCTC-DI, please refer to the original paper.??

In this study, the SCTC-DI was calculated using registry data,
but three items (calcinosis complicated by infection or requiring
surgery, gastric antral vascular ectasia, and right ventricular dys-
function) were removed because they were not collected in the
CSRG database, and one item (small-joint contractures) was
removed due to missing data (>20% of visits). The maximum
SCTC-DI score possible was therefore 42. Scores are always
whole integers, as are changes in scores over time.

To score the SCTC-DI for lung disease, high-resolution com-
puted tomography (HRCT) scans were assessed by local radiolo-
gists, and there was no central reading. CT scans were not
necessarily done according to any protocol but were done at the
request of the treating physician. Once a damage score was
assigned, it is carried forward until something occurs to increase
it. In the case of the lung, an increase in score would occur if
another CT scan showed an increase of ILD on CT to >20% or a
drop in forced vital capacity (FVC) to <70% predicted. The damage
score is calculated from the data acquired at each patient visit. The
SCTC-DI is scored such that patients cannot improve; they can
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only stay the same or worsen, so unless there is worsening in a par-
ticular organ, the score remains the same as the previous visit.

Definition of variables. Disease duration was defined
from the onset of the first non-Raynaud phenomenon symptom
to the index visit (Table 1). Smoking status was classified as either
never smoker or past and/or current smoker. Skin involvement
was assessed using the modified Rodnan skin score (MRSS),
which ranges from O (no involvement) to 3 (severe thickening) in
17 areas (score range 0-51). FVC percentage was extracted from
pulmonary function tests. The presence of ILD was determined
using a published clinical decision rule.?® Using this rule, ILD was
considered present if an HRCT scan of the lung was interpreted
by an experienced radiologist as showing ILD or, in the case of no
HRCT being available, if either a chest x-ray was reported as show-
ing either increased interstitial markings (not thought to be due to
congestive heart failure) or fibrosis and/or if a study physician
reported the presence of typical “Velcro-like crackles” on physical
examination. Physical function was assessed using the Health
Assessment Questionnaire Disability Index, which is scored from
0 (no disability) to 3 (severe disability). Patient and physician global
assessment scores were rated O to 10 (no disease to very severe
disease) on numeric rating scales. For patient assessment scores,
patients were asked, “In the past week, how was your overall
health?” The physician global severity question asked, “How would
you rate the patient’s overall health for the past week?” Other

Table 1.

covariates recorded at the index visit included physician reports of
inflammatory myositis, arthritis, digital ulcers, and prior scleroderma
renal crisis. Pulmonary hypertension was defined as an estimated
systolic pulmonary artery pressure >45 mm Hg measured using
the Doppler flow measurement of the tricuspid regurgitant jet on
cardiac echocardiography (used as a noninvasive screening tool
for pulmonary hypertension).>* Antinuclear antibody was detected
by immunofluorescence, and other autoantibodies were detected
by line immunoassay (Euroimmun).

Statistical analysis. Because of the very different trajecto-
ries of damage in limited cutaneous SSc (IcSSc) and deSSc, 212
and because exposure to ISs was so different in the subsets of
patients with cutaneous SSc (145 of 192 patients or 76% in the
subset with dcSSc and 71 of 210 or 34% in the subset with
IcSSc), we analyzed these two subsets separately. Descriptive
statistics were used to summarize baseline demographic and
clinical characteristics of the patients who were and were not
exposed to ISs. Continuous variables are presented as mean +
SD, and categorical variables are presented as counts and per-
centages. Student’s t-test and Wilcoxon-Mann-Whitney U test
were used to compare continuous variables. Chi-square test
and Fisher exact test were used for categorical variables.

Due to the inherent differences between patients who were
and were not exposed to ISs in an observational study, IPTW was
used to balance the study groups and to fit a marginal structural

Baseline characteristics of limited cutaneous scleroderma patients (IcSSc) stratified according to exposure to
immunosuppression at baseline or during follow-up (N = 210)*

Ever exposed to IS at any

Never exposed to IS at any

visit (n =71) visits (n = 139) Pvalues
Missing data Missing data
N N

Age, years (mean = SD) 551+11.8 564 +137 0.509
Female, N (%) 60 (84.5%) 121 (87.1%) 0.613
Caucasian, N (%) 63 (92.6%) 3 113 (83.7%) 4 0.077
Education (>high school), N (%) 1 (45.6%) 3 60 (46.5%) 10 0.902
Smoking in the past or currently, N (%) 39 (54.9%) 71 (51.1%) 0.597
Disease duration, years (mean + SD) 1.1+£0.5 1.0+ 0.5 0.517
mRSS (0-51) (mean + SD) 59+43 1 44+ 472 1 0.003
Interstitial lung disease, N (%) 23 (32.4%) 27 (19.4%) 0.037
FVC, % predicted (mean + SD) 93.8+20.8 0 97.5+20.2 1 0.214
DLCO, % predicted (mean + SD) 69.0 + 20.6 4 733+226 9 0.192
Tendon friction rubs, N (%) 4 (5.6%) 0 3(2.2%) 2 0.233
Inflammatory arthritis, N (%) 34 (48.6%) 1 30 (22.2%) 4 <0.001
Autoantibodies

Anti-centromere, N (%) 20 (30.0%) 2 79 (59.4%) 6 <.001
Anti-topoisomerase, N (%) 23 (33.3%) 2 13 (9.7%) 5 <.001
Anti-RNA polymerase Ill, N (%) 6 (9.1%) 5 9 (7.3%) 16 0.667
C-reactive protein, mg/L (median, IQR) 4.(2-7) 6 3.7(1.4-6.4) 9 0.109
Damage score at baseline (median, IQR) 3(2-5) 3(1-5) 0.139
CSRG patients, N (%) 32 (45.1%) 56 (40.3%) 0.506
Any Immunosuppressants prior to but 6 (8.5%) 4(2.9%) 0.147

not at baseline, N (%)

* CSRG, Canadian Scleroderma Research Group; DLCO, diffusing capacity of carbon monoxide; FVC, forced vital capacity;

IS, immunosuppressives; mRSS, modified Rodnan skin score.
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generalized estimating equation (GEE) model.?® Each in-person
visit was treated as an observation. Propensity scores representing
the probability of being exposed at a given visit were calculated
using a pooled logistic regression adjusting for baseline covariates
(sex, age, disease duration, exposure to immunosuppression
before baseline visit, FVC at baseline, damage score at baseline
visit) and time-varying covariates (MRSS and presence of arthritis)
at each annual visit. These time-varying variables not only affect
treatment but also associate with the outcome, and they also may
be affected by the previous treatment. They are potentially time-
varying confounding, which is important to adjust for as time-
varying variables in the propensity score model for the IPTW.

To evaluate for residual differences in baseline covariates
between the two statistically matched groups, we calculated the
standardized mean difference (SMD) of each disease variable.
The SMD is the difference in means of a covariate across the
treatment groups divided by the SD in the treated group. It is
the most commonly used statistic to examine the balance of
covariate distribution between treatment groups.?®?” Because
the SMD is independent of the unit of measurement, it allows
comparison between variables with different units of measure-
ment. A standardized difference of <0.1 represents meaningful
balance.?%%"

All models include time-varying variables. We have adjusted
and unadjusted models for weights. The adjusted model was
used to account for the time-varying variables and generated
the denominator of the weights. The unadjusted model was
used to generate the numerator of the weights, which created
more stabilized weights. These stabilized weights were then
used in a weighted GEE model to estimate the parameters of
the marginal structural model. This model was conditional on
exposure to ISs at the given visit and adjusted for sex, age, dis-
ease duration, diffuse subset, exposure to immunosuppression
before baseline visit, and damage score at baseline visit. The
cohort (CSRG vs ASCS) was also adjusted in the GEE outcome
model. Because the damage scores are always increasing, we
used the change of damage scores between two visits (eg,
damage score at current visit minus damage score at previous
visit) as the outcome at each visit instead of the raw scores.
Because the most common antibodies in patients with 1cSSc
were anti-centromere and anti-topoisomerase and in patients
with dcSSc were anti-RNA polymerase Ill and anti-topoisomer-
ase, in the respective models we assessed those antibodies
versus all other patients.

RESULTS

Supplementary Table 1 shows the ISs received at or
before the baseline visit. Two patients received both MTX
and MPA, so a total of 170 of 402 patients (42%) received
some IS already at or before the baseline visit in a cohort of
patients with SSc with a disease duration two or fewer years.

Figure 1 shows the mean SCTC-DI values in each group over
time. These figures represent unweighted changes, and it
can be seen that patients with dcSSc who were immunosup-
pressed accrued damage at a faster rate than patients who
were not immunosuppressed (Figure 1C); in patients with
IcSSc, the rate of damage accrual is similar in both patients
who were and were not immunosuppressed until about six
years, after which patients who were immunosuppressed
accrued damage faster (Figure 1B); however, the number of
patients is small after that time point.

Cohort with IcSSc. There were 210 patients in the subset
with 1cSSc, of which 34% were exposed to ISs at some
time (Table 1). Mean (+SD) follow-up was 4.3 (£2.9) years.
Patients who had exposure at some point had higher mean
mRSS (5.9 + 4.3 vs 4.4 + 4.2; P = 0.003), were more likely to
have ILD (32.4% vs 19.4%; P = 0.037), were more likely to have
inflammatory arthritis, were less likely to have anti-centromere
antibody (30.0% vs 59.4%; P < 0.001), and were more likely
to have anti-topoisomerase antibodies (33.3% vs 9.7%; P <
0.001). Very few patients received ISs only before baseline.
The balance diagnostics of the covariates at baseline visit for
patients with IcSSc after propensity scoring are illustrated in
Supplementary Table 2. The balancing of all variables was bet-
ter after IPTW, but the SMDs were suboptimal for disease dura-
tion and IS before baseline.

Table 2 shows the association between exposure to immu-
nosuppression and the change of damage scores adjusted for
possible confounders. Exposure to ISs was associated with lower
damage scores. The coefficient for the effect of immunosuppres-
sion on the damage index is —0.34 after IPTW (Table 2). A coeffi-
cient of —0.34 means that the change in damage score from the
previous visit will be 0.34 points less than the change when
the patient did not receive ISs. If we take the values from
Figure 1B as an estimate of change over time in patients with
IcSSc who did not receive ISs, the mean change in score between
yearly visits is about 0.3. So, to reduce those scores by 0.34 sug-
gests that the effect of receiving ISs might be substantial. Lower
FVC values were associated with more damage accrual, both
with and without IPTW.

Cohort with dcSSc. There were 192 patients in the subset
with dcSSc, of whom 76% were exposed to ISs at some time
(Table 3). Mean (+SD) follow-up was 4.6 (+3.0) years. Patients
who were exposed at some point were younger (50.0 =
12.1 years versus 55.5 + 10.7 years; P = 0.008), were less likely
to have anti-centromere antibodies (3.0% vs 18%; P = 0.001),
and were more likely to have anti-topoisomerase antibodies
(83.1% vs 10.3%; P = 0.005). Very few patients received ISs only
before baseline.

The balance diagnostics of the covariates at baseline visit
for patients with dcSSc after propensity scoring are illustrated
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Table 2. Marginal structural GEE model using IPTW to assess the association between exposure to immunosup-
pression and the change of damage scores, adjusted for potential confounders in patients with limited cutaneous

Mean Scleroderma Clinical Trials Consortium Damage Index scores. (A) All patients. (B) Patients with limited cutaneous systemic scle-

and adequate for FVC. Table 4 shows the association between
exposure to immunosuppression and the change of damage
scores adjusted for possible confounders. Exposure to ISs at

scleroderma*
Without IPTW With IPTW
Characteristic beta (95% Cl) P value beta (95% Cl) P value
Exposure to immunosuppressive -0.22 (-0.40to -0.04) 0.019 -0.34 (-0.59 to -0.09) 0.007
drugs
Female -0.16 (-0.40 to 0.07) 0.177 -0.16 (-0.37 to 0.05) 0.144
Age, y 0.004 (-0.004 to 0.01) 0.319 0.001 (-0.01 to 0.01) 0.774
Disease duration -0.07 (-=0.27t0 0.13) 0.513 0.09 (-0.12 to 0.30) 0.407
ACA -0.03 (-0.32t0 0.25) 0.821 0.01 (-0.26t0 0.27) 0.969
ATA -0.08 (-0.29to0 0.13) 0.452 -0.13 (-0.34 to 0.08) 0.219
Immunosuppressive drugs before 0.38 (-0.24 t0 0.99) 0.230 0.20(-0.71t0 1.11) 0.661
baseline
Damage score at baseline -0.03 (-0.06 to 0.01) 0.170 —-0.002 (-0.04 to 0.04) 0.992
FVC predicted, % -0.01 (-0.01 to -0.002) 0.008 -0.01 (-0.01 to -0.001) 0.017
CSRG vs ASIG 0.13 (=0.03to 0.31) 0.118 0.02 (=0.11 t0 0.16) 0.738

* ACA, anti-centromere antibody; ASIG, Australian Scleroderma Interest Group; ATA, anti-topoisomerase antibody;
Cl, confidence interval; CSRG, Canadian Scleroderma Research Group; FVC, forced vital capacity; GEE, generalized
estimating equation; IPTW, inverse probability of treatment weighting.
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Table 3. Baseline characteristics of diffuse cutaneous scleroderma patients (dcSSc) stratified according to expo-
sure to immunosuppression at baseline or during follow—up (N = 192)*

Ever exposed at any visit Never exposed at any visits
(n=150) (n=142) P yalues
Missing values Missing values
N N

Age, years (mean + SD) 50.0+12.1 555+10.7 0.008
Female, N (%) 110 (73.3%) 32 (76.2%) 0.709
Caucasian, N (%) 122 (81.3%) 38 (90.5%) 0.160
Education (>high school), N (%) 69 (48.6%) 8 18 (42.9%) 0 0.513
Smoking in the past or currently, 81 (54.4%) 1 29 (69.0%) 0 0.089

N (%)
Disease duration, years (mean + 1.1+£0.5 1.1+05 0.723

SD)
mRSS (0-51) (media, IQR) 23.5(15-29) 2 20 (16-24) 1 0.296
Interstitial lung disease, N (%) 53 (35.3%) 15 (35.7%) 0.964
FVC, % predicted (mean + SD) 8831174 1 90.1 £233 0 0.585
DLCO, % predicted (mean + SD) 71.2+20.7 11 73.0+16.1 8 0.639
Tendon friction rubs, N (%) 41 (27.3%) 11 (26.2%) 0.883
Inflammatory arthritis, N (%) 53 (36.3%) 4 10 (25.0%) 2 0.181
Autoantibodies
Anti-centromere, N (%) 4 (3.0%) 15 7 (18.0%) 3 0.001
Anti-topoisomerase, N (%) 44 (33.1%) 17 4 (10.3%) 3 0.005
Anti-RNA polymerase III, N (%) 55 (44.0%) 25 16 (44.0%) 6 0.962
C-reactive protein, mg/L 5(3-12) 10 4.4(1.9-9.2) 2 0.110

(median, IQR)
Damage score at baseline 5(2-7) 3(1-6) 1.02

(median, IQR)
CSRG patients, N (%) 77 (51.3%) 26 (61.9%) 0.225
Immunosuppressants prior to 14(9.7%) 6 (12.8%) 0.585

baseline, N (%)

* CSRG, Canadian Scleroderma Research Group; DLCO, diffusing capacity of carbon monoxide; FVC, forced vital
capacity; IS, immunosuppressives; mRSS, modified Rodnan skin score.

, , , DISCUSSION
any time was not associated with damage scores, but exposure
to ISs before baseline and lower FVC values were associated To our knowledge, this is the first study that has examined
with more damage accrual with IPTW. the effect of receiving ISs and damage accrual in patients with

Table 4. Marginal structural GEE model using IPTW to assess the association between exposure to immunosup-
pression and the change of damage scores, adjusted for potential confounders in patients with diffuse cutaneous

scleroderma*
Without IPTW With IPTW
Characteristic B (95% Cl) P value B (95% Cl) P value
Exposure to immunosuppressive drugs -0.07 (-0.36 t0 0.23) 0.667 —-0.08 (-0.41 to 0.25) 0.627
Female -0.34 (-0.66 to -0.02) 0.040 -0.31 (-0.72 to -0.09) 0.132
Age,y 0.0071 (-0.01 t0 0.01) 0.911 0.004 (-0.01 t0 0.02) 0.525
Disease duration, y -0.24 (-0.57 to 0.08) 0.144 -0.24 (-0.62t0 0.14) 0.210
ATA 0.003 (-0.30t0 0.31) 0.987 —-0.04 (-0.38 to 0.30) 0.826
RNAP 0.13(-0.20 to 0.46) 0.433 0.01 (-0.38 to 0.40) 0.969
Exposure to immunosuppressive drugs 0.20 (-0.05to0 0.45) 0.109 0.25(0.02-0.47) 0.036
before baseline
Damage score at baseline -0.01 (=0.05 to 0.02) 0.506 -0.01 (=0.04 to 0.02) 0.449
FVC predicted, % -0.07 (-0.02 to -0.003) 0.004 -0.01 (-0.02 to -0.002) 0.010
CSRG vs ASIG 0.13 (-0.02 to 0.36) 0.238 0.17 (-0.12 to 0.46) 0.255

* ASIG, Australian Scleroderma Interest Group; ATA, anti-topoisomerase antibody; Cl, confidence interval; CSRG,
Canadian Scleroderma Research Group; FVC, forced vital capacity; GEE, generalized estimating equation; IPTW,
inverse probability of treatment weighting; RNAP, anti-RNA polymerase Il antibody.
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SSc using the recently developed SCTC-DI. Because the cohorts
studied were observational, IPTW was used to account for the dif-
ferent aspects of disease that may have encouraged the prescrip-
tion of ISs and to remove as much bias as possible that these
different disease characteristics may have had on the outcome.
Because damage accrual is so different in patients with 1cSSc
and dcSSc, and use of ISs was more frequent in patients with
dcSSc, we examined each cutaneous subset of patients sepa-
rately. As such, we were able to find a positive effect of prevention
of damage accrual in the subgroup with IcSSc but not in the sub-
group with dcSSc.

IS agents have been prescribed extensively to patients with
SS¢.21617:28 Many recommendations and guidelines suggest
prescribing 1Ss for patients with skin and lung disease,?*>* and
in practice, many scleroderma experts agree and follow these
recommendations.®>*¢ Although fibrosis may be the proximate
cause of most damage in SSc, there has been some evidence
that receiving ISs may prevent fibrosis and thus prevent accrual
of damage.’®""17298743 Most such studies, however, have
concentrated on damage to individual organ systems such as
the lung or skin, but the development of the SCTC-DI has allowed
us to determine the effect of receiving ISs on a more global mea-
sure of damage. 274

There are some important limitations to our study. The
SCTC-DI items were determined to a large extent by expert con-
sensus and weighted against mortality and morbidity. We were
aware at the time of creating the SCTC-DI that not all existing
databases would include each item, and we agree that some of
the items missing from our databases such as small-joint contrac-
tures are important. Unfortunately, we cannot objectively deter-
mine how this might have affected our results.

Any study of the effect of an exposure on an outcome using
data from observational cohorts is affected by bias. Propensity
scoring, such as IPTW, is a method that allows an investigator to
assess the impact of an exposure of interest using observational
cohorts, in which randomization is not performed, instead of in a
prospective randomized trial. Certain patient characteristics that
are a common cause of both the observed exposure and the out-
come may confound the relationship under study, leading to an
over- or underestimation of the true effect. IPTW attempts to cor-
rect for these when studying the effect of an exposure in an
observational cohort.** Somewhat to our surprise, and only par-
tially in keeping with our hypothesis that IS use would prevent
damage accrual, we found that IS use prevented damage accrual
only in the subset with IcSSc. It is important therefore to try to
understand whether the absence of an effect in patients with
dcSSc was a true finding or if IPTW was not sufficient to adjust
for the biases inherent in using observational cohort data.

We considered several possibilities that may have prevented
us from finding a true effect on damage accrual in patients with
dcSSc. One is that patients with dcSSc already have considerably
more damage within the first two years of disease than those with

IcSSc, and therefore, the chance of developing more damage
might seem to be less, and thus, it would be more difficult to show
prevention of damage accrual. We have found, however, that
although the damage index is higher in patients with dcSSc than
in those with IcSSc very early in disease progression, in fact,
patients with dcSSc continue to accrue damage over subsequent
years at a faster rate than patients with IcSSc."®'® Perhaps ISs
are just not adequate to suppress this faster rate of damage
accrual.

It is also possible that the weighting itself in IPTW was not
adequate to account for some of the differences between the
populations. Assessing the adequacy of the weighting is done
by assessing the standardized differences between groups for
all baseline characteristics both before and after weighting. Sup-
plementary Tables 2 and 3 compare the difference in means
between groups in units of SD. A standardized difference of
<10% (<0.1) may be considered a negligible imbalance between
groups.?® From Supplementary Table 2 use before baseline.
However, from Supplementary Table 3, for dcSSc, weighting
was not very good for sex, anti-centromere antibodies, mRSS,
and arthritis. This may have contributed to our inability to find an
effect of ISs in the group with dcSSc.

As pointed out by Chesnaye et al,** by accounting for any
differences in measured baseline characteristics, the propensity
score aims to approximate what would have been achieved
through randomization in a randomized controlled trial (RCT); ie,
pseudorandomization. In contrast to true randomization, the pro-
pensity score can only account for measured confounders, not for
any unmeasured confounders.** Therefore, an imbalance in
some unmeasured confounder may also have played a role
in our inability to find an effect of ISs in patients with dcSSc. This
may have been true in the current patients with dcSSc, as indi-
cated by the observation that certain characteristics such as more
frequent ILD and arthritis, which might be expected to be associ-
ated with more use of ISs, were indeed more prevalent in the
group of patients with IcSSc who were exposed to ISs but were
found in similar proportions in the groups with dcSSc who were
and were not exposed to ISs. This suggests that the decision to
prescribe ISs to the patients with dcSSc may have been related
to an unmeasured confounder in the subset with dcSSc.

Our study also has important strengths. By combining two
observational cohorts, we were able to find a large enough num-
ber of patients in both subsets with cutaneous SSc to assess
our hypotheses. We have also used a now-accepted technique
of studying the effect of an exposure to a treatment in an observa-
tional cohort and have found that at least it seems to be effective
in one of the subsets with cutaneous SSc. With these caveats in
mind, and with our findings of a protective effect of receiving I1Ss
on damage accrual in patients with IcSSc, we feel that the effect
of ISs on damage in patients with dcSSc has not yet been ruled
out. We anticipate the use of the SCTC-DI in future RCTs in SSc
and hope that those trials will be able to answer more definitively
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the question of the benefit of ISs in patients with dcSSc for the
prevention of damage accrual.
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Oral Glucocorticoids for Skin Fibrosis in Early Diffuse
Systemic Sclerosis: A Target Trial Emulation Study From the
European Scleroderma Trials and Research Group Database

Denis Mongin," '/ Marco Matucci-Cerinic, Ulrich A. Walker,? Oliver Distler,*
Lidia P. Ananyeva,’ Vanessa Smith,® Juan Jose Alegre-Sancho,’ ¥’ Sule Yavuz,'® Massimiliano Limonta,’
Gabriela Riemekasten,'? Elena Rezus," () Madelon Vonk,"* ) Marie-Elise Truchetet,'® Francesco Del Galdo,'®
Delphine S. Courvoisier,' and Michele ludici,' " on behalf of the EUSTAR Collaborators

Radim Becvar,” Elise Siegert,°

Objective. The objective of this study is to evaluate whether adding oral glucocorticoids to immunosuppressive
therapy improves skin scores and ensures safety in patients with early diffuse cutaneous systemic sclerosis (dcSSc).

Methods. We performed an emulated randomized trial comparing the changes from baseline to 12 + 3 months of
the modified Rodnan skin score (mRSS: primary outcome) in patients with early dcSSc receiving either oral glucocorti-
coids (<20 mg/day prednisone equivalent) combined with immunosuppression (treated) or immunosuppression alone
(controls), using data from the European Scleroderma Trials and Research Group. Secondary end points were the dif-
ference occurrence of progressive skin or lung fibrosis and scleroderma renal crisis. Matching propensity score was
used to adjust for baseline imbalance between groups.

Results. We matched 208 patients (mean age 49 years; 33% male; 59% anti-Scl70), 104 in each treatment group,
obtaining comparable characteristics at baseline. In the treated group, patients received a median prednisone dose of
5 mg/day. Mean mRSS change at 12 + 3 months was similar in the two groups (decrease of 2.7 [95% confidence inter-
val {95% CI} 1.4-4.0] in treated vs 3.1 [95% CI 1.9-4.4] in control, P = 0.64). Similar results were observed in patients
with shorter disease duration (< 24 months) or with mRSS <22. There was no between-group difference for all prespe-
cified secondary outcomes. A case of scleroderma renal crisis occurred in both groups.

Conclusion. We did not find any significant benefit of adding low-dose oral glucocorticoids to immunosuppression

for skin fibrosis, and at this dosage, glucocorticoid did not increase the risk of scleroderma renal crisis.

INTRODUCTION

Systemic sclerosis (SSc) is a complex, multisystemic autoim-
mune disease characterized by high mortality and morbidity.” The
two main recognized disease subsets, ie, limited cutaneous
(Ic) and diffuse cutaneous (dc) SSc,? present different evolution
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and prognosis. Patients with dcSSc manifest fibrotic complica-
tions and decline in organ function early during the disease
course, resulting in poor quality of life, and leading to a mortality
rate that is five to eight times higher than that observed in the gen-
eral population.® Currently, available treatment offers limited ben-
efit, and hematopoietic stem cell transplantation should be
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SIGNIFICANCE & INNOVATIONS

+ The effect of oral glucocorticoids in addition to
immunosuppression on skin fibrosis progression
in patients with early diffuse cutaneous systemic
sclerosis is not known.

+ This study managed to emulate a randomized con-
trol trial of 208 patients with early diffuse cutaneous
systemic sclerosis, of whom 104 were treated with
oral glucocorticoids and immunosuppression.

+ Our results suggest that the use of oral glucocorti-
coids is not needed to slow down skin fibrosis in
patients with early diffuse cutaneous systemic
sclerosis.

considered in selected cases.* Guidelines recommend that
immunosuppression (mycophenolate mofetil, rituximab, cyclo-
phosphamide) should be promptly introduced to control symp-
toms and prevent fibrotic complications.>~

Whether adding oral glucocorticoids to immunosuppression
is beneficial to slowing down skin fibrosis progression in patients
with early dcSSc is a matter of debate.®7 0 In past years, research
has failed to define the exact role of these compounds for this
indication, mainly because of limitations in study design (nonran-
domized studies,"" small randomized studies at high risk of
bias'®'?). Recently, a randomized controlled trial investigating
the impact of adding oral glucocorticoids to routine care on skin
fibrosis progression and quality of life ended prematurely for insuf-
ficient patient accrual due to COVID-19 pandemic.”® In the
absence of clear evidence, glucocorticoids are being widely
prescribed to patients with dcSSc, and often for long
periods,®2 1415 with the consequent risk of drug toxicity and
treatment-related damage accrual.

In the context of a rare disease in which conducting a ran-
domized controlled trial is difficult and may not succeed, compar-
ative effectiveness studies on large samples of routinely collected
data can provide guidance for management. Target trial emula-
tion can help reduce bias in the effect estimates derived from
observational analyses.'® This study aims to evaluate whether
adding oral glucocorticoids to immunosuppression for skin fibro-
sis improved skin scores at one year and was safe in terms of risk
of scleroderma renal crisis.

METHODS

Ethics and regulations. This study was conducted in
compliance with the Declaration of Helsinki. Local ethic commit-
tee permission for each European Scleroderma Trials and
Research Group (EUSTAR) center and informed consent, where
appropriate according to local ethic regulations, was obtained
before EUSTAR enroliment. For a list of the EUSTAR collabora-
tors, please see Appendix A.

Specification of the target trial. This observational anal-
ysis was designed to emulate a target trial (ie, a hypothetical prag-
matic trial that would have answered the causal question of
interest’”) on the use of immunosuppression plus oral glucocorti-
coids versus immunosuppression alone to improve skin fibrosis in
patients with early dcSSc (see eligibility criteria below). The main
outcome was the between-arm difference in skin fibrosis change
at one year from baseline.

EUSTAR database. This analysis was based on data from
patients with SSc enrolled in EUSTAR."'8 This international data-
base prospectively collects data from patients with SSc seen in
routine care at least annually from >200 centers from all the conti-
nents. For inclusion, patients have to meet the 2013 American
College of Rheumatology/EULAR classification criteria for SSc.'®

Eligibility criteria. We included patients with SSc aged
18 years or more, presenting with a dcSSc subset according to
Leroy et al,”> a modified Rodnan skin score (MRSS) >7, with
<5 years disease duration since the first non-Raynaud symptom,
who had started either immunosuppression monotherapy or
immunosuppression plus oral glucocorticoids (<20 mg of predni-
sone equivalent per day) at inclusion between January 2009 and
December 2020. The criterion of MRSS >7 equals the minimal
score that is required to qualify as dcSSc and was deliberately
chosen not to miss early patients who will become progressive
later on. We excluded patients with a previous renal crisis,
patients receiving daily >20 mg prednisone equivalent at inclu-
sion, patients receiving or who had received pulse methylprednis-
olone within six weeks from the inclusion, patients with an
associated connective tissue disease, and patients who had
received hematopoietic stem cell transplantation or lung or heart
transplantation.

Interventions. We compared the following two treatment
strategies at inclusion: 1) immunosuppression alone. Patients in
this group could have received in the timeframe considered intra-
venous or oral cyclophosphamide, methotrexate, mycophenolate
mofetil, azathioprine, rituximab, and/or tocilizumab without con-
comitant glucocorticoids (“control group”); 2) immunosuppres-
sion (as defined above) plus oral glucocorticoids at a daily dose
<20 mg prednisone equivalent (“treated group”).

Primary and secondary outcomes. The primary out-
come measure was the between-group mean difference of
mRSS at 12 + 3 months from baseline. EUSTAR centers are
advised that the same investigator is performing the mRSS on
follow-up visits in individual patients, and EUSTAR investiga-
tors are trained on a regular basis in how to perform the
mRSS.2%2" The follow-up time of 12 months was selected
since it is considered a relevant timeframe to detect significant
changes in mRSS, and is therefore used in many clinical
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studies.?®?® Secondary end points, evaluated at 12 =+
3 months from baseline, were as follows:

e development of progressive skin fibrosis (increase in
mRSS of 5 points and >25% from baseline);

e development of progressive lung fibrosis (either decrease
in either forced vital capacity [FVC] >10% or both
decrease of FVC >5% and decrease in diffusing capacity
of the lung for carbon monoxide >15%);

e development of progressive skin fibrosis and develop-
ment of progressive lung fibrosis?'+242°;

¢ incidence of scleroderma renal crisis.

Subgroup analyses. We performed two subgroup anal-
yses for the primary outcome. The first focused on patients
with a disease duration from non-Raynaud onset <24 months,
who are those with more active inflammation and who are
therefore more likely to respond to glucocorticoids.?':2®

These patients are also more likely to have worsening
skin and lung disease.?” The second included the subset
of patients with an mRSS value <22 in order to enrich the
sample of patients with the highest likelihood to have a pro-
gressive skin disease.?! Imputation and matching of the
groups were re-performed for each subgroup analysis (see
next section).

Statistical analyses. Two sets of analysis were performed
for each outcome; the main one included patients having at least
a measured outcome difference at 12 + 3 months. The second
one was a sensitivity analysis considering all the patients fulfilling
the eligibility criteria. In this analysis, we addressed missing data
for the main outcome by incorporating them along with the covar-
iates during the imputation process for missing variables. For both
sets of analysis, treatment groups were first matched using pro-
pensity score matching with a 1:1 ratio using nearest neighbor

EUSTAR: 20761 patients -

~
« 4135: no involvment on SSc
* 10377: limited cutaneous SSc - ~
b & .| * 642: no disease duration info
« 2754: disease duration >5
' it \_ J
» + 8:age<=18
h e ~
= 2100: no immunosuppressive
2 ——
Y treatment
\ v
745 patients:
* age>18
* immunosuppressive treatment
* Disease duration<=5
{ * 47:year <2013 or > 2019 }
e ™
* 30: previous renal crisis
» + 7:transplantation
* 5: other condition
A J

* 9:GCdose>20mg

* 285: mRSS missing
at 12 + 3 months

=(' 74: missing baseline mRSS
L- 58: baseline mRSS < 7

Y
230 patients included

* 126 immunosuppression monotherapy
* 104 immunosuppression plus glucocorticoids

Figure 1. Flowchart of the selection process of the target population from the EUSTAR database. EUSTAR, European Scleroderma Trials and
Research Group; GC, glucocorticoid; mRSS, modified Rodnan skin score; SSc, systemic sclerosis.
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matching. The propensity score was assessed using logistic mul-
tivariable regression with use of glucocorticoids as dependent
variable and a set of covariates as independent variables. These
were identified by the analysis of the literature on the topic?'26-2°
29 and discussion among some of the authors (DM, FDG, DSC,
and MI). Priority was given to prognostic variables, whereas vari-
ables strongly associated with treatment but not—or weakly—
with the outcome (instrumental variables) can induce unstable
weights with little or no gain in terms of bias reduction. We
included in the model age, sex, disease duration (from the first
non-Raynaud onset), baseline mRSS, presence of joint synovi-
tis, immunosuppression treatment type (cyclophosphamide,
methotrexate, mycophenolate mofetil, rituximab, other), anti-
topoisomerase and anti-RNA polymerase Il status, presence
of tendon friction rubs, smoking status, and year of enroliment.
Missing covariates were handled using multiple imputation with
chained equations, with 50 samples and 10 iterations, consid-
ering all covariates and the outcome in the imputation model.
The predicted propensity score was the mean of the predicted
scores of each sample.

Descriptive statistics used paired t-test for continuous vari-
ables and McNemar or Friedman tests for dichotomous variables
to account for the matching of the groups. The difference in out-
comes between the two matched groups was analyzed using lin-
ear regression predicting the main outcome or logistic regression
predicting the secondary outcomes as a function of the baseline
use of glucocorticoids and with a random intercept on the
matched patients to account for the matching of the groups.

For the sensitivity analysis, matching was performed the
same way. The outcome was imputed considering the outcome
and all covariates in the imputation model. The estimation of the
effect of baseline use of glucocorticoids was then pooled from
regression estimates following Rubin’s rules.° The analyses were
computed using R software version 4.0.3,%" with mice library for
the multiple imputation.®? Data are available on reasonable
request.

RESULTS

Study population. Among 20,761 patients with SSc from
the EUSTAR database assessed for eligibility, 745 had at least
1 visit with the information proving that they had a disease dura-
tion <5 years, received immunosuppression, and were adult
patients. An additional 515 patients did not meet inclusion criteria
(see Figure 1). Of the 230 patients who met the eligibility
criteria (see Supplementary Table 1 for key characteristics), we
successfully performed 1:1 matching for 208 patients;
104 received immunosuppression without glucocorticoids, and
104 received a combination of immunosuppression and gluco-
corticoids. The two groups of patients had similar baseline char-
acteristics (Table 1): 67% were female, with a mean age of
49 years, a mean disease duration of 2.5 years, and a median

mMRSS of 18, with 43% of the patients having interstitial lung dis-
ease identified by lung x-ray or high-resolution computed tomog-
raphy. At baseline, median daily prednisone dose was 5 mg/day,
and 13 patients (12.5%) received >15 mg/day of prednisone.
The patients were mainly treated with methotrexate (38%) and
mycophenolate mofetil (35.1%) at baseline, 9% of them receiving
a combination of immunosuppressive therapy. Over follow-up,
42 patients (20.2%) switched to another immunosuppressive
treatment, with no significant between-group difference.

Primary outcome analyses. Differences in mRSS at 12 +
3 months were similar between the two groups (treated group:
decrease of 2.7 [95% confidence interval {95% Cl} 1.4-4.0] vs
control group: 3.1 [95% ClI 1.9-4.4], P = 0.64) (see Figure 2 and
Table 2). Results were similar when considering patients with
missing MRSS at 12 + 3 months in the analysis (see Supplemen-
tary Table 2), when the analysis was restricted to the subgroup of
patients with a shorter disease duration (<24 months; see Sup-
plementary Table 3), and when considering patients with baseline
mRSS inferior to 22 (see Supplementary Table 4).

Secondary outcome analyses. Within the previous
matched cohort of 208 patients, no significant difference was
observed between control and treated groups for all secondary
outcomes (see Table 2). When performing matched analysis for
each of these outcomes, we found no effect of treatment on pro-
gressive skin fibrosis at 12 + 3 months (odds ratio [OR] 1.3 [95%
Cl 0.6-3.0], P = 0.53) or on progressive lung fibrosis (OR 1.0
[95% CI 0.5-2.0], P = 1), progressive skin and lung fibrosis
(OR 1.3[95% CI 0.7-2.4], P = 0.43), or renal crisis (OR 1.0 [95%
Cl0.1-7.2], P = 1; see Supplementary Table 5). In line with these
findings, we did not find any difference in the subgroups of
patients with missing outcomes at 12 + 3 months (see Supple-
mentary Table 5), in those with a shorter disease duration
(£24 months) (see Supplementary Table 6), or in those with a
baseline mRSS <22 (see Supplementary Table 7).

DISCUSSION

This target trial emulation study showed no difference on skin
fibrosis progression between patients with early dcSSc treated with
immunosuppression monotherapy and those receiving immunosup-
pression plus oral glucocorticoids. In both groups, we observed a
similar improvement in skin induration at one year with no clinically
or statistically significant between-group difference. Two cases of
scleroderma renal crisis occurred, one in each treatment group.
The proportion of patients with progressive skin disease, progressive
lung disease, and regressive skin and lung disease was similar in
patients receiving or not receiving glucocorticoids.

Data from randomized trials and observational studies reveal
widespread use of glucocorticoids in patients with dcSSc (40% of
patients with dcSSc from the EUSTAR database were on
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Table 1. Patient characteristics at baseline*
Control group Treated group
Overall value Value % missing data Value % missing data P
N patients 208 104 104
Male, n (%) 68 (33) 36 (35) 0.0 32 (31) 0.0 0.66
Age, y, mean + SD 49 +12 50+ 14 0.0 49 + 11 0.0 0.97
Smoking ever, n (%) 62 (36) 31 (38) 22 31 (35) 14 0.24
Immunosuppressant treatment, n (%)
Methotrexate 84 (40.4) 45 (43.3) 0.0 39 (37.5) 0.0 0.46
Rituximab 20(9.6) 13(12.5) 0.0 7 (6.7) 0.0 0.24
Cyclophosphamide 43 (20.7) 16 (15.4) 0.0 27 (26.0) 0.0 0.06
Mycophenolate mofetil 73 (35.1) 38(36.5) 0.0 35(33.7) 0.0 0.76
Other 6(2.9) 4(3.8) 0.0 2(1.9) 0.0 0.62
Combination of immunosuppressant 19 (9.1) 12 (11.5) 0.0 7(6.7) 0.0 0.30
treatment, n (%)
Daily prednisone dose, mg/day, median (IQR) - - - 5.0(5.0-10.0) 58
Disease duration, y, mean + SD 2414 25+£13 0.0 23+£15 0.0 0.34
Baseline mRSS, median (IQR) 18.0(12.0-23.0) 18.0(12.0-23.0) 0.0 19.0 (12.8-23.0) 0.0 0.76
Forced vital capacity (% predicted), mean + SD 84+ 20 84+ 22 14 84+ 19 11 0.99
Diffusing capacity of the lung for carbon 62+18 64 + 21 20 59 +15 18 0.11
monoxide, mean * SD
Joint synovitis, n (%) 37(18) 15 (15) 4 22 (22) 2 0.16
Anti-topoisomerase positive, n (%) 112 (59) 54 (56) 8 58 (61) 9 0.75
Anti-RNA polymerase lll positive, n (%) 30(25) 17 (30) 44 13 (20) 38 0.41
Presence of tendon friction rubs, n (%) 33(17) 15(16) 8 18(18) 5 0.83
Interstitial lung disease® 100 (43.5) 51 (40.5) 0.0 49 (47.1) 0.0 0.38
Baseline year, n (%) 0.0 0.0 0.83
2013 36(17) 20(19) - 16 (15) - -
2014 45(22) 19 (18) - 26 (25) - -
2015 44.(21) 20(19) - 24 (23) - -
2016 25(12) 13(12) - 12(11) - -
2017 17 (8) 10(10) - 7(7) - -
2018 33(16) 17 (16) - 16 (15) - -
2019 8 (4) 5(5) - 3(3) - -

* P values are provided by paired t-test for continuous variables, paired Wilcoxon tests for the mRSS, and McNemar test for categorical vari-
ables with two categories; the Friedman test was used for categorical variables with more than two categories. IQR, interquartile range; mRSS,
modified Rodnan skin score.

@ At lung x-ray or high-resolution computed tomography.

prednisone in 20187%). Although it is widely accepted that a short
course of low-dose prednisone can help with fatigue, musculo-
skeletal pain, or itch,56:°133334 itg effectiveness for controliing
skin fibrosis is more controversial. Even among experts, glucocor-
ticoid prescribing practices for this indication vary widely.® Recent
research intended to address this important point but could not
provide a definite answer. The PRedSS study, a phase Il random-
ized controlled trial of oral prednisolone in early diffuse cutaneous
systemic sclerosis, converted to open label and terminated early
during the COVID-19 pandemic,'® assessed versus placebo the
impact of adding a moderate dose of prednisolone (0.3 mg/Kg)
to immunosuppression on skin fibrosis and disability at three
months (two co-primary end points). The two co-primary end
points were not met, but the study was underpowered because
only 35 patients could be randomized. In this context of uncer-
tainty, we designed this emulated trial to answer research ques-
tions that are difficult to study in randomized studies. Emulated
target trials are particularly useful when the randomized study that
would answer our causal question—the target trial—is not feasi-
ble, ethical, or timely.'® We found no benefit of adding oral

glucocorticoids to immunosuppression on skin fibrosis progres-
sion. We examined this aspect in a large sample of patients with
a disease duration <5 years, as well as in those with a shorter dis-
ease duration (<24 months) or with an mRSS between 7 and
22 who are potentially at higher risk to progress and more respon-
sive to anti-inflammatory treatment.?’2>26-28 |n gl cases, we did
not observe any significant impact of prednisone on skin, sug-
gesting that, if an effect of glucocorticoids exists, it is very likely
below clinical significance.®® Although our study has design limita-
tions, it strongly questions the utility of prescribing oral glucocorti-
coids at the dose investigated for better skin fibrosis control in
patients with early dcSSc.

Our data seem to suggest that the use of low-dose predni-
sone in early dcSSc is not a major risk factor for scleroderma renal
crisis. In this study, in which patients started with a median pred-
nisone dose of 5 mg/day, scleroderma renal crisis occurred in
two patients, of whom only one was in the glucocorticoid-treated
group. Our data are in keeping with previous literature®® and with
the results from Giriffiths-Jones et al, in which no case of sclero-
derma renal crisis was observed in 17 patients with early dcSSc
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Figure 2. (A) Modified Rodnan skin score (mMRSS) at baseline and after 12 + 3 months for patients receiving immunosuppression alone (“con-
trol”) and those receiving immunosuppression plus glucocorticoids (“treatment”) is shown. (B) Distribution of the mRSS difference between

12 = 8 months and baseline for the two groups is shown.

treated with daily 0.3 mg/Kg prednisolone.'® However, our results
should be interpreted with caution because our sample size may
not have been sufficiently powered to answer this research
question.

About one-third of patients from both treatment groups expe-
rienced progressive lung fibrosis. This suggests that adding

prednisone to immunosuppression may not be beneficial for inter-
stitial lung disease in early dcSSc. However, our study’s primary
focus was not on assessing lung outcomes, and adjustments for
confounding were primarily tailored to the main primary end point.
Therefore, these results should be interpreted with caution. Further
research is required to address this clinically significant question.
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Table 2. Primary and secondary outcomes for the main study”

Controls Treatment

Overall value  Value

% missing data  Value % missing data P

Primary outcome

mRSS difference? -2.9(7.4)
Secondary outcomes
Progressive skin fibrosis, n (%) 25(12)
Progressive lung fibrosis, n (%) 41 (27)
Regressive skin and lung 83 (49)
fibrosis, n (%)
Renal crisis, n (%) 2(1) 1(1)

-3.2(6.8)

10 (10)
23 (29)
41 (47)

0 -2.6(8.0) 0 0.55
0 15(14) 0 0.39
23 18 (26) 34 0.83
15 42 (51) 21 0.48
0 (1) 0 0.99

* Pvalues are provided by paired t-test for continuous variables and McNemar test for categorical variables. mRSS,

modified Rodnan skin score.

@ Between-group mean difference of mRSS at 12 + 3 months from baseline.

Our study has major strengths. The EUSTAR database col-
lects the clinical characteristics and outcomes of a large number
of patients, enabling analysis of a rare disease phenotype difficult
to target in a randomized controlled trial. Analyses benefited from
multiple methods to address potential confounding by indication
and subgroup, and sensitivity analyses were concordant for the
primary outcome results, bolstering confidence in the main
results. The international composition of the database allowed
inclusion of patients from different countries potentially heteroge-
neous for treatment, racial background, and disease severity. This
study summarizes the results of a potential pragmatic trial in
which patients have received treatment in routine care setting.
As a result, we were able to include patients likely to have more
severe disease, multiple comorbidities, and possibly greater treat-
ment resistance—patients who are generally less represented in
randomized trials.

Some limitations need to be acknowledged. First, as in any
observational analysis, assignment to a particular treatment was
not randomized. Thus, residual confounding cannot be entirely
ruled out. For example, although patients were matched for all
known factors associated with skin fibrosis progression in early
diffuse SSc, a higher proportion in the treatment group received
cyclophosphamide. Although this could indicate greater disease
severity, it may also reflect differences in physician experience,
health care system, treatment availability, and cost consider-
ations. However, it is important to note that the adjustments made
in the analysis aimed to minimize such potential effect, and all
subgroup analyses were consistent with the main finding.

Second, selection bias could play a role because we studied
patients with information on skin involvement and disease dura-
tion. Third, we had no information about the precise duration,
dose modification over the study period, and adherence to gluco-
corticoid intake in our sample. Although this imprecision may rep-
resent information bias, it also enhances the generalizability of our
findings because our aim was to emulate a pragmatic trial in
which no additional measures to assess treatment adherence
are conducted, and the analysis was performed as an intention
to treat. Intention-to-treat analysis helps minimize selection bias
by including all participants as originally assigned, regardless of

whether they strictly adhere to the treatment protocol. This
approach accounts for participants who may switch between
experimental and control groups or prematurely discontinue
treatment, ensuring that the results reflect real-world variations in
treatment adherence.” Moreover, the EUSTAR database does
not provide information about the reasons leading physicians to
prescribe treatment (either glucocorticoids or immunosuppres-
sion), limiting our ability to determine whether the outcome inves-
tigated (skin fibrosis) was intended to be targeted by the drugs
prescribed. Another potential limitation is that we considered
exploring the efficacy of glucocorticoid monotherapy but were
unable to do so because of the very low number of patients
receiving this treatment in the EUSTAR database. Finally, we were
not able to assess the impact of glucocorticoid treatment on other
patient-relevant outcomes such as pain, disability, or quality of life
because of unavailable data.

In conclusion, the results of this target trial emulation study
on patients with early dcSSc seen in routine care showed no ben-
efit on skin of adding oral (<20 mg/day) glucocorticoids to immu-
nosuppression. Our findings question the utility of prescribing a
low dose of these compounds for this indication, thus adding fur-
ther knowledge to a debated subject.® 10333438 \Whether a short
course of low-dose steroids could contribute to improve fatigue,
pain, and itching was not the object of the present study and
remains to be further investigated. However, the lack of an excess
of renal complication in glucocorticoid-treated patients and clini-
cal experience provide supports for these drugs to be used for
symptom control while emphasizing the crucial need for monitor-
ing early signs of kidney disfunction. Our results should be inter-
preted with caution because of the limitations of our
observational study design.
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Objective. Not much is known regarding musculoskeletal ultrasound (MSUS) practices of rheumatologists in the
United States. We sought to determine the current use of MSUS among past participants of the Ultrasound School
of North American Rheumatologists (USSONAR) training program and, by extension, MSUS-practicing rheumatolo-
gists and to understand barriers to its MSUS use.

Methods. An online survey was sent to 374 participants in the eight-month USSONAR blended course
(Fundamentals in Musculoskeletal Ultrasound and Train the Trainer) between 2009 and 2020. Each respondent had a
unique identifier linked to their total number of submitted practice scans and examination scores during training.

Results. The survey response rate was 28.1% (105 of 374), comprising 82% adult and 18% pediatric rheumatolo-
gists. Of the respondents, 71% were MSUS certified: 86.7% performed and/or interpreted diagnostic MSUS, 81.0%
performed/interpreted procedural MSUS, 59.8% billed for at least 50% of diagnostic studies, and 78.8% billed for at
least 50% of procedural studies. The top reasons for not doing diagnostic and procedural ultrasonography were lack
of administrative support and limited time, respectively. For 25% of diagnostic ultrasonography and 12.9% of proce-
dural ultrasonography, billing was done <50% of the time. Of the respondents, 78.0% reported that USSONAR training
made them better rheumatologists.

Conclusion. Most USSONAR-trained rheumatologists are certified, practicing both diagnostic and procedural
MSUS and billing for most of their work. However, a substantial number of studies are not being billed due to time con-
straints, limited administrative support, and legal liability. Participants agreed that USSONAR training made them bet-

ter rheumatologists.
INTRODUCTION

Musculoskeletal ultrasound (MSUS) was first used in 1972 to
differentiate a Baker cyst from thrombophlebitis." The earliest
rheumatology-specific application was reported in 1978, when
MSUS was used to detect synovitis.> Since then, the use
of MSUS has increased dramatically. Between 2000 and 2009,
MSUS performed by rheumatologists increased more than
12,500%.° The widespread appeal and use of MSUS are evident
because more nonradiologists now perform MSUS than radiolo-
gists.*® The advantages of MSUS are its lack of radiation, lower
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cost, dynamic elements, and increasingly versatile and affordable
equipment. However, MSUS remains an operator-dependent
modality, and competence and proficiency are critical to obtaining
accurate results. Competence is defined as an operator having
the necessary combination of knowledge and skill to perform a
procedure correctly.® Training to acquire the knowledge and skill
for certification comes through different pathways.

Currently, in the United States, two certifications to demon-
strate competence are available to rheumatology health profes-
sionals. One is the Musculoskeletal Ultrasound Certification in
Rheumatology (RhMSUS) from the American College of

Additional supplementary information cited in this article can be found
online in the Supporting Information section (http://onlinelibrary.wiley.com/
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SIGNIFICANCE & INNOVATIONS

+ Not much is known about musculoskeletal ultra-
sound practices of adult and pediatric rheumatolo-
gists in the United States. This survey study
attempts to address this gap.

+ More than 80% of online survey respondents per-
formed diagnostic and procedural musculoskeletal
ultrasound.

+ Although most billed for their work, a substantial
number of musculoskeletal ultrasound examina-
tions were not billed owing to lack of time, fear of
legal liability, or insufficient reimbursement.

+ Most practitioners felt that the training provided by
the Ultrasound School of North American Rheuma-
tologists made them a better rheumatologist.

Rheumatology (ACR); the other is the Registered in Musculoskel-
etal (RMSK) certification from the Alliance for Physician Certification
and Advancement. In 2017, 94% of adult rheumatology fellowship
programs in the United States included some form of MSUS train-
ing in their curricula.” Outside of fellowship, other training opportu-
nities include online modules and MSUS conferences. Since
2008, the Ultrasound School of North American Rheumatologists
(USSONAR), a not-for-profit organization, has participated in
MSUS training for fellows and postgraduate rheumatologists in
both adult and pediatric rheumatology.® Between 2009 and 2020,
over 450 students graduated from the school’s eight-month com-
bination training program, Fundamentals in Musculoskeletal Ultra-
sound (FMU) and Train the Trainer (TTT).2 The FMU participants
were mainly fellows in rheumatology training programs, whereas
the TTT participants could not be fellows in training and were
mainly academic professionals in rheumatology. The latter course
was supported by the ACR in its initial stages, and the program
overall was the focus of a 2011 Rheumatology Research Founda-
tion Clinician Scholar Educator Award given to Eugene Kissin,
MD, the founder of the program. Not much is known about the
perceptions and current practices of trained rheumatology health
professionals using MSUS in the United States or about the
USSONAR courses. Therefore, we conducted a study of previous
USSONAR course participants to determine the current patterns
of MSUS use among those participants and, by extension,
MSUS-practicing rheumatologists as well as to understand bar-
riers to MSUS use.

MATERIALS AND METHODS

Institutional review board approval for the study was obtained
through Loma Linda University Medical Center (5220266). A state-
ment giving consent was required to participate in the survey. This
cross-sectional survey included 482 possible participants of the
USSONAR FMU/TTT programs who completed a final examination
between 2009 and 2020. An updated email list was created for the

482 participants by using email addresses provided to the USSO-
NAR and by using online sources. In September 2022, a
28-question, 10-minute online survey (Qualtrics) was sent to the pre-
vious course participants. Two weekly reminders were sent two
weeks apart, with survey closure eight weeks after the initial email
invitation. The USSONAR leadership also sent reminders to personal
email addresses (ie, email addresses not identified through the study
search strategy) and personal telephone contact numbers, when
known, to improve the survey response rate. There was no financial
incentive to complete the survey. Respondents were given a unique
identifier matched to their examination scores and the total number
of practice studies (scans) submitted in their training year.

Data were collected for demographic and practice charac-
teristics of the respondents. Survey questions focused on
whether respondents were practicing diagnostic and/or proce-
dural MSUS and if they were billing for these practices. We
inquired about the obstacles limiting their MSUS practices. Some
sonographic clinical scenarios, developed by subject matter
experts, were also given to assess respondents’ confidence in
addressing them. The complete survey is included as Supple-
ment 1. The survey was developed by experts in MSUS, and
because of a lack of similar survey tools, the survey was based
on the experts’ experience. The questionnaire was developed
with the help of a statistician who had expertise in survey design.
The Checklist for Reporting Survey Studies tool for designing
cross-sectional surveys was used in writing the manuscript and
is provided as Supplement 2.° Two rounds of pretesting were
done, and with the help of the survey statistician, subsequent revi-
sions were made to avoid cognitive bias. Those participating in
the pretests were excluded from the final survey.

Statistical analyses. Before analyzing survey data, we
statistically assessed potential nonresponse bias by first deter-
mining if examination scores, the number of practice studies, or
the program type were significant predictors of survey response
and our main survey outcome of interest. We used a multiple
logistic regression model to predict the likelihood of each partici-
pant responding to the survey. Relationships between the use of
MSUS and examination scores as well as the number of practice
studies were assessed through nonparametric median tests. ¥°
tests were used to determine if a relationship between program
type and the use of MSUS existed. P < 0.05 was deemed signifi-
cant. Survey data were only analyzed using descriptive statistics
such as counts and percentages for categorical variables and
medians and interquartile ranges for continuous variables. All
analyses were performed using Stata/IC 16.1 (StataCorp [2020],
Stata Statistical Software Release 16, StataCorp, LLC).

RESULTS

Of the 482 possible participants who were sent the survey,
108 emails could not be delivered, leaving 374 FMU and TTT
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Table 1. Demographic and practice characteristics of respondents (n = 105)*
Characteristic n (%)
Sex
Female 57 (55.3)
Male 46 (44.7)
Age, median (IQR), y 41 (36-38)
Time practicing MSUS, median (IQR), y 6 (3.5-9)
Time practicing clinical rheumatology, 90 (75-100)
median (IQR), %
Certification in MSUS or rheumatic ultrasonography (multiple selections are possible)
RhMSUS 61(61.0)
RMSK 6 (6.0)
Other 4(4.0)
Never certified 31 (31.0)
Practice type
Department of academic medical center, teaching institution 73 (70.9)
Department of nonacademic medical center, nonteaching 8(7.8)
Multispecialty private practice, nonteaching 10(9.7)
Large, single-specialty practice, nonteaching (more than three providers) 4(3.9)
Small, single-specialty practice, nonteaching (three or fewer providers) 5(4.9)
Other 3(2.9)
Primary practice location in the United States
Northeast 30(29.4)
Midwest 19(18.6)
South 27 (26.5)
West 25(24.5)
Not in the United States 1(1.0)
Patient population
Primarily pediatric patients 19(18.1)
Primarily adult patients 86 (81.9)
* There were the following numbers of respondents for the listed characteristics: sex (n = 103), age (n = 102), time prac-
ticing MSUS (n = 100), time practicing clinical rheumatology (n = 103), certification in MSUS or rheumatic ultrasonography
(n =100), across practice types (n = 103), across primary practice locations in the United States (n = 102), and all patient
populations (n = 105). IQR, interquartile range; MSUS, musculoskeletal ultrasound; RhMSUS, Musculoskeletal Ultrasound
Certification in Rheumatology; RMSK, Registered in Musculoskeletal.
100 ~
90 + 86.7
81.0
80 -
70 -
% 60 -
£y
S 50
2
$ 40 4
30
20 -
11.4
m
0
Perform and interpret Don't perform but Refer everything out ~ Don’t use this type of
myself interpret myself ultrasonography
= Diagnostic MSUS m Procedural MSUS
Figure 1. Percentage of respondents performing and/or interpreting diagnostic and/or procedural MSUS (n = 105). MSUS, musculoskeletal

ultrasound.
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Table 2. Reasons for not performing diagnostic or procedural

MSUS*
Diagnostic Procedural
Reasons® MSUS, n (%)° MSUS, n (%)"

Lack of confidence in my 3(21.4) 10 (50.0)
MSUS skills

Concerns about legal liability 3(21.4) 3(15.0)

Lack of administrative 4(28.6 8(40.0)
support

Opposition from other 1(7.1) 0(0)
imaging groups
(eg, radiology)

Lack of interest in diagnostic/ 0(0) 0(0)
procedural MSUS

Lack of time 3(21.4) 14 (70.0)

Inadequate reimbursement 1(7.1) 5(25.0)

Limited benefit of diagnostic 0(0) NA
MSUS in clinical practice

Lack of certification 2(14.3) 2(10.0)

Other 2(14.3)

* MSUS, musculoskeletal ultrasound; NA, not applicable.

@ Multiple selections were possible.

P For adult rheumatology, n = 14. For pediatric rheumatology,
n="1(7.1%).

¢ For adult rheumatology, n = 20. For pediatric rheumatology,
n=6(30.1%).

participants who received the survey. The overall response rate
was 28.1% of participants (105 of 374). The course taken influ-
enced survey participation: 43.5% of participants (40 of 92) for
the TTT course versus 23.0% of participants (65 of 282) for the
FMU course (P < 0.005). Analyses using background variables

90 ~

Percentage

Bill at least 50% of the time
m Diagnostic MSUS (n=92)

Bill less than 50% of the time

such as FMU versus TTT status, year of graduation, number of
studies submitted, or the USSONAR course final examination
scores did not show evidence of nonresponse bias (data not
shown). Demographic characteristics are summarized in Table 1.

Respondents had practiced MSUS for a median (inter-
quartile range) of 6 (3.5-9) years. Of the respondents, 70.9%
practiced in academic medical centers, 71% held an MSUS
certification, 81.9% were adult rheumatologists, and 18.1%
were pediatric rheumatologists. In addition, 86.7% performed
and/or interpreted diagnostic MSUS themselves, and 81.0%
performed/interpreted their own procedures (Figure 1). No sta-
tistically significant difference was shown in the billing practices
for those in academic versus nonacademic settings. Of all
respondents combined, 59.8% billed for at least 50% of diag-
nostic studies, whereas 78.8% billed for at least 50% of their
procedural studies.

The leading reason for not performing diagnostic MSUS was
lack of administrative support. The leading reason for not per-
forming procedural MSUS was lack of time (Table 2). Most
respondents billed for their MSUS work. Only 15.2% of practi-
tioners doing diagnostic work and 8.2% of those doing proce-
dural work never billed for their services (Figure 2). The leading
reason for not billing for MSUS work and/or for billing less than
50% of the time in up to 44.4% of responses was no time for doc-
umentation (44.4% in procedural and 43.2% in diagnostic
MSUS), followed by poor reimbursement for effort (38.9% in pro-
cedural and 35.1% in diagnostic MSUS; Supplementary Table 1).

Don't bill
m Procedural MSUS (n=85)

Figure 2. Billing for diagnostic and procedural MSUS. MSUS, musculoskeletal ultrasound.
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Interpreting diagnostic rheumatic pathology (n=84) plE sl 226
Correctly identifying abnormal synovitis of the finger MCP 577
joint (n=85) 2
Correctly distinguishing an interface sign from a double contour
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Correctly identifying normal from abnormal Doppler signal in a 494
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QOut-of-plane injections (n=85) 306
Correctly identifying a partial supraspinatus tear (n=85) 18.8
90 100
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Figure 3. Confidence of adult practitioners in scenarios two years after participating in the Ultrasound School of North American Rheumatolo-

gists course. MCP, metacarpophalangeal.

When asked to rate their confidence in a set of MSUS skills
two years after their USSONAR course, most of the adult rheu-
matologists (Figure 3) said they were moderately to highly con-
fident in their skills. The out-of-plane injection scenario had the
highest number of respondents (16.5%) with the lowest confi-
dence. Similarly, most pediatric rheumatologists felt moder-
ately confident in a set of pediatric MSUS skills (Figure 4). Of
the given scenarios, adult clinicians were least confident about
performing out-of-plane injections and identifying partial
supraspinatus tendon tears, whereas pediatric clinicians were
least confident about performing intra-articular hip injections.
All responses were compared between the FMU and TTT
groups, with no significant differences except for the TTT
group being less confident in intra-articular hip injections (P <
0.05, Fisher exact test). About 78% of participants (80 of 103)
reported that the USSONAR training had made them a better
rheumatology practitioner.

DISCUSSION

This US-based survey (101 of 102 of the respondents prac-
ticed in the US) of USSONAR participants provides insights into
current MSUS practices of this group of rheumatologists. The

survey showed that most respondents were actively using MSUS.
Nationally, use of MSUS, primarily to guide interventions,
increased substantially across specialties.* It was encouraging
to learn that both diagnostic (86.7%) and procedural (81.0%)
MSUS were widely used by our study participants. In a similar sur-
vey of Portuguese rheumatologists (36% response rate), the use
of diagnostic and procedural MSUS was 59% and 66%, respec-
tively, which is lower than the rates in our study.'® The two sur-
veys are difficult to compare, however, because of the inherent
differences in the two health systems. In addition, a 2016 survey
of rheumatologists in Central and Eastern European countries
supported less use of MSUS, especially for procedural guidance:
only 11.6% of examinations in their survey had been done with
MSUS for procedural guidance versus aimost 60% for diagnostic
purposes. !’

Diagnostic MSUS is becoming increasingly important in
rheumatology and is now part of classification criteria for gout,
polymyalgia rheumatica, and calcium pyrophosphate deposition
disease and has been proposed for assessing lupus inflammatory
arthritis as part of a disease activity index.'?~'® From a patient-
and practitioner-reported outcome perspective, recent data from
the United States show that a dedicated rheumatology MSUS
clinic facilitates medical decision-making for patients by improving
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mNot confident at all = Slightly confident

Interpreting diagnostic rheumatic pathology (n=19)

Correctly identifying a normal ossification center (n=18)

Correctly identifying wrist synovitis in a patient less than 6
years old (n=18)

Correctly identifying subtalar synovitis or effusion (n=18)

Carrectly identifying normal intra-articular Doppler signal in
pediatric patients (n=18)

Intra-articular hip injections (n=18)

= Moderately confident

Highly confident
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Figure 4. Confidence of pediatric practitioners in scenarios two years after participating in the Ultrasound School of North American Rheumatol-

ogists course.

understanding of their disease and by meaningfully influencing
treatment decisions of referring practitioners.'® MSUS is an
important aid to clinical decision-making and to educating
patients about a disease process.' Therefore, diagnostic MSUS
should be encouraged, and efforts should be made to identify
and address barriers to its successful adoption, which could save
health care costs, as was originally envisioned.>

Most respondents were billing for their work at least 50% of
the time. We were not surprised that the billing proportion for
diagnostic MSUS was lower than that of procedural MSUS
because the former requires more in-depth knowledge of MSUS,
is time intensive, and has potentially greater legal liability. Of note,
however, about 40% of respondents were biling <50% of the
time for diagnostic examinations, and 20% were biling <560% of
the time for procedural examinations, thereby forgoing revenue.
This finding is conceming considering that 71% of the respon-
dents were certified. Biling by rheumatologists for diagnostic
MSUS is also complicated by current procedural terminology
codes, which were determined by radiologists. The current defini-
tions for complete and incomplete MSUS examinations by radiol-
ogists are based on anatomic regions, whereas the definition of a

complete examination by a rheumatologist may involve the evalu-
ation of selective joints from several anatomic areas to confirm the
diagnosis of a polyarticular inflammatory disease and/or to evalu-
ate disease activity.'”

Revenue from MSUS can be an important contributor to a
rheumatology department’s net income.'® The top reported rea-
sons for not billing included limited time and lack of administrative
support. This is an area for further research. For this study, “lack
of administrative support” referred to the process of buying/
leasing an ultrasonography machine, maintaining it, setting up
compliant data archives, creating and proctoring a billing path-
way, creating a patient schedule to allow for use of ultra-
sonography, marketing the availability of ultrasonography for
rheumatology, and tracking the success of adding ultrasonogra-
phy to a practice. However, the survey question only gave “lack
of administrative support” as an option. No examples were given,
leaving the question open to respondents’ interpretation. These
types of administrative activities are new to traditional clinic
administrators, who need to be educated about the value of add-
ing ultrasonography to a practice. For compliance, we had to
keep the survey short, which prevented us from investigating this
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topic further. In contrast to our study, the Portuguese rheumatol-
ogy MSUS survey reported that access to equipment was the
main limitation."© In that study, billing was not specifically queried,
but 89% of respondents were writing complete MSUS reports.
Again, direct comparisons were difficult due to health system dif-
ferences. However, rheumatologists were reimbursed for per-
forming MSUS in only 62% of member countries (21 of 34) in the
EULAR.'® When comparing our results with survey results from
other countries, it is also important to note that their surveys often
included participants from various courses, unlike the USSONAR.
This difference may affect the responses.

For the clinical scenarios in the survey, adult and pediatric
practitioners reported their lowest confidence for procedural sce-
narios, although the absolute percentages were small. One expla-
nation could be that the Accreditation Council of Graduate
Medical Education outlined the performance of ultrasonography
by rheumatology fellows only in the second version of the Rheu-
matology Milestones (adult programs, August 2020; pediatric
programs, April 2023) as part of patient care subcompetency for
procedures (milestone PC4) but only at the level of the expert
learner (level 5).2°2" In contrast, milestones outlined for the spe-
cialties of physical medicine and rehabilitation®? and sports medi-
cine®® specify performing MSUS at the earlier learner level of
advanced beginner (level 2). The FMU and TTT programs through
the USSONAR represent a finite approach to improving proce-
dural skills, but if fellowship programs are not encouraging the
adoption of these skills for early-level learners, then some defi-
ciencies are likely to remain.

Most participants (78%) agreed with the statement that their
USSONAR training made them better rheumatology providers.
This suggests that the FMU/TTT USSONAR course curriculum
provided adequate training and gave the participants confidence,
as reflected by the large number of respondents with an MSUS
certification (70%). However, of all MSUS-certified rheumatology
providers (RhMSUS or RMSK), the percentage who are also
USSONAR trained is unknown. The reasons for respondents not
pursuing certification remain an important unknown and a topic
for future research. The USSONAR provides a unique blended
program consisting of online learning with volunteer faculty pro-
viding feedback on the participants’ submitted MSUS scan
examinations, web-based resources, in-person workshops, and
a final composite assessment consisting of a written examination
and an objective, structured clinical examination. The strength
and success of the program rely on the participation of self-
directed learners. For dedicated learners, competency has been
shown to be achievable even without mentors providing in-
person supervision.>* The USSONAR program, therefore, suc-
cessfully fils a major need of rheumatology MSUS training
requirements. In Europe, the Spanish Society of Rheumatology
has a long-standing program that offers an MSUS training pro-
gram to its rheumatology trainees. A survey of rheumatology res-
idents spanning 10 years (31% response rate) showed that 88%

found the training program to be beneficial.2°> However, the attain-

ment of competency accreditation/certification was much lower
at 5%, in contrast to our survey’s 70%. This comparison must
be interpreted with the caveat of different training environments,
systems, and regulations.

Our study has limitations. As is inherent in survey research, our
low response rate was not unusual for a web-based sur-
vey®10-2526: however, nonresponse has also been reported as less
of an issue in physician survey research.?’ Multiple attempts were
made to contact previous participants in the FMU and TTT
courses. We cannot predict how the nonrespondents or those
without correct email addresses would have responded; 108 of
482 initial emails were undeliverable. Those who responded may
have had a greater interest in MSUS than those who did not
respond.?” The nonrespondents may not have been actively prac-
ticing MSUS and, therefore, were not inclined to participate.?® In
addition, nonparticipation could have resulted from nonuse of
email, concerns about privacy, incorrect contact information,
and/or survey fatigue. Despite the low response rate, our internet
searches for names and practice locations showed most partici-
pants in the courses to be practicing rheumatology providers. The
response rate between the TTT and FMU track was significantly dif-
ferent statistically, which may have affected the responses and
practice patterns. The results reflect practice patterns of USSO-
NAR graduates only and not all rheumatology ultrasonography
practitioners. Rather than relying on survey methodology, an alter-
native method for accurately establishing how many USSONAR
graduates actively use ultrasound would be to analyze Medicare
claims data for ultrasonography codes submitted by rheumatolo-
gists and to screen these against the USSONAR database.

From this survey study, we reported current MSUS practices of
USSONAR graduate rheumatologists in the United States. Although
not all US-based rheumatologists performing ultrasonography are
USSONAR graduates, the USSONAR is the leading MSUS training
organization for rheumatologists in the United States. Most respon-
dents were certified, practicing both diagnostic and procedural
MSUS and biling for their examinations at least 50% of the time.
However, a substantial number of MSUS studies are still not being
billed for lack of time, fear of legal liability, and/or a feeling of inade-
quate return on start-up costs for MSUS. Most participants agreed
that USSONAR training made them better rheumatologists.
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Incidence of Side Effects Associated With Acetaminophen in
People Aged 65 Years or More: A Prospective Cohort Study
Using Data From the Clinical Practice Research Datalink

Jaspreet Kaur," ) Georgina Nakafero,” =’ Abhishek Abhishek,' = Christian Mallen,® =) Michael Doherty,*

and Weiya Zhang*

Objective. The main objective of this study is to examine the safety of oral acetaminophen at its therapeutic dose in
adults aged >65 years.

Methods. This population-based cohort study used the Clinical Practice Research Datalink-Gold data. Participants
were aged >65 years registered with a UK general practice for at least 12 months between 1998 and 2018. Acetamin-
ophen exposure was defined as at least two acetaminophen prescriptions within six months of the first acetaminophen
prescription, the first prescription date being the index date. Acetaminophen nonexposure was defined as the absence
of two acetaminophen prescriptions within six months over the study period. We calculated propensity score (PS) for
acetaminophen prescription and undertook inverse probability treatment weighting using PS and PS-matched analy-
ses to account for confounding. Missing data were handled using multiple imputation. The adjusted hazard ratio
(@HR) and 95% confidence interval (95% CI) were calculated using the Cox proportional hazards regression model.

Results. In total, 180,483 acetaminophen exposed and 402,478 unexposed participants were included in this
study. Acetaminophen exposure was associated with an increased risk of perforation or ulceration or bleeding (aHR
1.24; 95% CI 1.16-1.34), uncomplicated peptic ulcers (@HR 1.20; 95% CI 1.10-1.31), lower gastrointestinal bleeding
(@aHR 1.36; 95% CI 1.29-1.46), heart failure (@HR 1.09; 95% CI 1.06-1.13), hypertension (@aHR 1.07; 95% CI 1.04-
1.11), and chronic kidney disease (aHR 1.19; 95% CI 1.13-1.24).

Conclusion. Despite its perceived safety, acetaminophen is associated with several serious complications. Given
its minimal analgesic effectiveness, acetaminophen as the first-line oral analgesic option for long-term conditions in

older people requires careful reconsideration.
INTRODUCTION

Almost all clinical guidelines advocate acetaminophen as
the first-line oral pharmacological treatment for pain due to oste-
oarthritis (OA), mainly because of its perceived safety over other
oral analgesics.'™ However, recent studies have raised con-
cerns that acetaminophen may be not as safe as previously
thought.®™®

Acetaminophen can cause cyclooxygenase (COX)-
dependent side effects analogous to those of nonsteroidal
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anti-inflammatory drugs (NSAIDs).> """ The National Institute
for Health and Care Excellence (NICE) in the UK highlighted this
concern over the safety of acetaminophen in the 2014,
updated guidance on management of OA and no longer rec-
ommends acetaminophen as a regular treatment in the 2022
update.’ This is related to both its nonclinically meaningful
benefit, which had been confirmed earlier in a meta-analysis
(MA) and network MA, %' and its potential harms.™

|deally, randomized controlled trials (RCTs) are required to
provide evidence of drug efficacy and safety. However, RCTs
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SIGNIFICANCE & INNOVATIONS

+ Acetaminophen is a relatively weak analgesic, but
largely because of its perceived safety, it has been
recommended as the first-line oral analgesic, espe-
cially in older people. However, this study shows a
significant incidence of gastrointestinal, cardiovas-
cular, and renal side effects in older people, who
are prescribed acetaminophen repeatedly in the
United Kingdom.

+ Although the incidence may be lower, the side effect
profile aligns with that of nonsteroidal
anti-inflammatory drugs and cyclooxygenase
2 (COX-2) inhibitors, which reflects the now-
recognized COX inhibitory effect of acetaminophen.

+ These findings support reconsideration of acet-
aminophen as an oral analgesic by guideline devel-
opment groups who currently recommend its
repeated prescription for long-term conditions such
as osteoarthritis.

are not an optimal design to evaluate the safety of acetaminophen
because of ethical concerns and cost implications that preclude
the recruitment of enough people in an adequately powered study
of sufficient duration. Therefore, the evidence concerning the safety
of acetaminophen at its therapeutic dose primarily comes
from postmarketing observational studies.®1%1%1€ Previous
observational studies on acetaminophen have encountered
methodologic challenges, such as channeling bias. This bias
occurs when individuals, particularly older adults at higher risk
of gastrointestinal and cardiovascular adverse events, are less
likely to be given NSAIDs but are more likely to receive
acetaminophen.®

A previous study that used propensity score (PS) matching,
in which the researchers compared the safety profiles of topical
NSAIDs with acetaminophen and oral NSAIDs in people with knee
or hip OA, revealed that topical NSAIDs exhibited a better safety
profile compared with acetaminophen or oral NSAIDS."” How-
ever, that study did not include a comparison with no analgesics.
It is still unclear whether individuals prescribed acetaminophen
are at increased risk of developing gastrointestinal, cardiovascu-
lar, and renal adverse events compared with those not taking
any analgesics.

To address this gap and mitigate channeling bias, we con-
ducted this cohort study comparing acetaminophen exposure
versus non-exposure to any analgesics for major adverse events
in the general population, as well as in people with OA as a sub-
group analysis using the large UK Clinical Practice Research
Datalink. The objectives of the study were 1) to examine the inci-
dence of perforation or ulceration or bleeding (PUB), uncompli-
cated peptic ulcers, lower gastrointestinal (Gl) bleeding, heart
failure, myocardial infarction, hypertension, and chronic renal fail-
ure in people prescribed acetaminophen in the general population

compared with people unexposed to analgesics; and 2) to exam-
ine the dose-response relationship between acetaminophen pre-
scription and specific adverse events.

PATIENTS AND METHODS

Study design. This was a population-based cohort study,
conducted with data from the Clinical Practice Research Datalink
(CPRD) GOLD,' where acetamiophen exposed participants
were compared to acetaminophen unexposed for the incidence
of major adverse events, including Gl, cardiovascular (CV), and
renal adverse events. The CPRD is one of the largest health care
databases and has been demonstrated to be a reliable resource
for research.’®?" It had collected anonymized patient data from
736 general practices, covering 17 million UK residents as of Jan-
uary 2018. Data were entered electronically either during a con-
sultation with a general practitioner or through communication
with other health professionals. Details of the patient demo-
graphics, medications, and diagnoses were recorded.?® The
CPRD broadly represents the UK population in terms of age, gen-
der, ethnicity, and body mass index (BMI).2% Although not explic-
itly designed for surveys or studies, such standard health data
are cost-effective for research purposes, allowing for examination
of the effectiveness and safety of interventions in the real world.??

Participants. In the United Kingdom, people aged
>65 years are eligible for free prescriptions from their general
practitioner, which permitted us to examine the safety of acet-
aminophen in older people in the United Kingdom. We included
older adults aged >65 years at index date—the date of the first
acetaminophen prescription between January 1, 1998, and
January 1, 2018, who had been registered for at least 12 months
with a general practice. The practices included were deemed up
to standard by CPRD, i.e, contributing comprehensive, continu-
ous, and complete high-quality data for research purposes. We
excluded participants with a diagnosis of the outcome of interest
before the start of follow-up (details given in exposure
section below). Consent from individuals involved in this study
was not sought because this was database research. The Inde-
pendent Scientific Advisory Committee approved this cohort
study with the protocol reference 19_131R.

Exposure. Participants who were issued at least two acet-
aminophen prescriptions within six months, and not in combina-
tion with other analgesics such as codeine, were defined as
exposed to acetaminophen to exclude occasional oral intake of
acetaminophen for other acute conditions such as headache
and influenza. The date of the first of the two prescriptions was
assigned as the index date. All the records were obtained using
the product codes (Supplementary Table S1). To avoid prevalent
cases, we included only those who did not have an acetamino-
phen prescription in the 12 months before the index date.®* A
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landmark analysis was applied as a simple approach to minimize
immortal time bias—a potential confounding that could influence
the results when follow-up is delayed one way or another.® Par-
ticipants were followed from the landmark date (i.e, the date 12
months after the index date) to avoid the chance of counting out-
comes during the exposure period. This would also give a
12-month exposure window from the index date to the landmark
date to accumulate repeated acetaminophen doses for the
dose-response analysis. The follow-up stopped at the earliest
event, study end date (January 1, 2018), date of death, or transfer
out of practices, whichever came first.

Comparators. The control group (unexposed) included
participants aged >65 years with less than two acetaminophen
prescriptions within six months during the study period when
exposure could be accrued. The controls were individually
matched to acetaminophen exposed participants by year of birth,
sex, and general practice on a 1:n (as available) basis, then further
matched by PS on a 1:1 basis. The controls were assigned the
index date and landmark date of their matched acetaminophen-
exposed participant.

Outcomes. The outcomes of interest were the incident
diagnosis of 1) Gl conditions, specifically PUB, uncomplicated
peptic ulcers (ulcers without bleeding or perforation), and lower
Gl bleeding; 2) CV outcomes, specifically hypertension, myocar-
dial infarction, or heart failure; and 3) chronic renal failure. Patients
with these outcomes were identified using relevant Read codes or
Med codes recorded in the CPRD records. These Med codes
were similar to those used in other studies to extract data on Gl,
CV, and renal events and were updated using the medical dictio-
nary of the CPRD data set.>"

Covariates. We shortlisted potential covariates such as
age, sex, Charlson comorbidity index (CCI) (Supplementary Mate-
rial: Covariates), opioids, NSAIDS, coxibs, aspirin, H2-receptor
blockers, proton pump inhibitors, dipyridamole, clopidogrel and
lifestyle factors (smoking, alcohol, and BMI) based on their associ-
ation with acetaminophen and the outcome of interest. These
covariates were used to calculate the PS for acetaminophen pre-
scription to account for confounding.2® Codes for the comorbidities
were obtained from the Primary Care Unit, University of Cambridge
(https://www.phpc.cam.ac.uk/pcu/cprd_cam/codelists/v11/) and
updated using the CPRD code browser. We excluded any comor-
bidity from the CCl if it was an outcome to avoid including prevalent
cases (Supplementary Table S2).

Statistical analysis. Logistic regression was used to cal-
culate the PS for acetaminophen prescription.?” Standardized dif-
ferences (d) were used to examine the covariate balance between
the exposed and unexposed participants. Covariates for which
there was an imbalance, defined as d >0.1, were included as

additional covariates in the subsequent Cox regression model.?®

The kernel-density plot was used to check the covariate balance
graphically. The cumulative survival probability was estimated
using the Kaplan-Meier (Nelson-Aalen) survival curve.?® The pro-
portional hazards assumption was assessed using log-log plots
and the Schoenfeld residuals.®° The Cox regression model calcu-
lated the hazard ratio (HR) between the acetaminophen-exposed
versus nonexposed participants. Different Cox regression models
were constructed: Model 1—age, sex, and general practice
(GP) matched; Model 2—age, sex, GP, and PS matched; Model
3—age, sex, GP, and PS-matched analyses adjusted for unbal-
anced covariates; and Model 4—inverse probability treatment
weighting (IPTW) using PS. IPTW using PS was considered the
main model given its potential to yield more precise estimates in
time to event analyses than the PS-matched method.®’

We conducted a subgroup analysis restricted to participants
with OA, a common condition of older people that is often associ-
ated with long-term analgesic regime. In this subgroup analysis,
the PS model was recalculated. This ensured that the matched
pairs were comparable in this subgroup of people with OA and
allowed us to capture the safety profile of acetaminophen in a
common long-term condition that often requires regular oral
administration of acetaminophen. Statistical significance was
considered at P < 0.05.

To assess a dose-response relationship between acetamin-
ophen and the outcomes, we calculated the number of
acetaminophen prescriptions between index and landmark date.
These were categorized as no prescription (reference group),
one to two prescriptions, three to four prescriptions, five to six
prescriptions, seven to eight prescriptions, and nine or more. To
minimize channeling bias, the dose-response analyses were
repeated with the individuals prescribed one to two prescriptions
as the reference category.

Missing data on BMI, alcohol use, and smoking were han-
dled as a separate category in the PS-matched analyses and by
multiple imputation in  the IPTW wusing PS analyses
(Supplementary Material: Handling missing data). The data used
in this study could be obtained directly from the CPRD upon
request because of CPRD licensing rules.

RESULTS

Cohort description. Of 2,789,347 participants (exposure,
697,362 and nonexposure, 2,091,985) matched by age, sex,
and practice, 582,961 were included in the IPTW using PS analy-
ses, and 158,048 were successfully PS matched (79,024 acet-
aminophen exposed, 79,024 unexposed) (Supplementary
Figure S1). The mean age + SD of participants included in the
IPTW using PS and PS-matched cohort was 74.88 + 7.29 years
and 75.42 + 7.51 years, respectively. Most participants self-
identified as female (Table 1). The mean + SD duration of follow-
up was 1 + 4.62 years.
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Table 1. Participant characteristics*

IPTW using PS sample (n = 582,961)*

PS-matched sample (n = 158,048)°

Acetaminophen

Acetaminophen

Acetaminophen Acetaminophen

exposed unexposed d exposed unexposed d
n 180,483 402,478 79,024 79,024
Continuous variables, mean + SD
Age 74.88 £7.29 7499 £ 7.47 -0.01 75.42 +7.51 7541 +£7.75 0.00
Charlson’s comorbidity index 043 +1.24 024 +0.93 0.15 0.53+1.45 036+ 1.21 0.13
Categorical covariates, n (%)
Female 114,066 (63.20) 242,175 (60.17) 0.06 48,167 (60.95) 50,421 (63.80) 0.06
OA 55,038 (30.49) 60,349 (14.99) 0.38 28,356 (35.88) 24,391 (30.86) 0.11
BMI
Underweight 3,647 (2.02) 5,505 (1.37) 0.05 2,330 (2.95) 1,625 (2.06) 0.06
Overweight 43,402 (24.02) 73,328 (18.22) 0.14 22,776 (28.82) 20,024 (25.34) 0.08
Obese 22,163 (12.28) 29,131 (7.24) 0.17 12,363 (15.64) 9,761 (12.35) 0.09
Missing 64,148 (35.54) 208,224 (51.74) -0.33 19,101 (24.17) 25,648 (32.45) -0.18
Smoking status
Current 15,138 (8.39) 30,110 (7.48) 0.03 8,875 (11.23) 8,237 (10.42) 0.03
Ex-smoker 44,190 (24.48) 63,636 (15.81) 0.21 21,471 (27.17) 18,347 (23.21) 0.09
Missing 32,468 (17.99) 168,282 (41.81) -0.54 9,208 (11.65) 14,680 (18.57) -0.19
Alcohol
Current drinkers 79,661 (44.14) 144,373 (35.87) 0.17 40,956 (51.82) 38,149 (48.27) 0.07
Past drinkers 4,448 (2.46) 4,767 (1.18) 0.10 2,180 (2.76) 1,493 (1.89) 0.06
Missing 57,999 (32.14) 198,151 (49.23) -0.35 16,978 (21.48) 22,904 (28.98) -0.17
Other medication
Opioids 178,328 (69.87) 76,896 (30.13) 2.76 76,878 (97.27) 76,878 (97.27) 0.00
NSAIDS 55,559 (30.78) 48,061 (11.94) 0.47 26,635 (33.70) 24,385 (30.85) 0.06
Coxibs 10,077 (5.58) 5,965 (1.48) 0.22 5,208 (6.59) 3,621 (4.58) 0.09
Clopidogrel 10,183 (5.64) 7,658 (1.90) 0.20 4,073 (5.15) 2,983 (3.77) 0.07
Dipyridamole 5,255 (2.91) 4,947 (1.23) 0.12 2,771 (3.57) 1,835 (2.32) 0.07
H2-receptor blockers 18,745 (10.39) 17,714 (4.40) 0.23 10,914 (13.81) 8,213 (10.39) 0.10
Proton pump inhibitors 63,710 (35.30) 49,621 (12.33) 0.56 25,060 (31.71) 22,250 (28.15) 0.07
Aspirin 72,064 (39.93) 78,523 (19.51) 0.46 31,257 (39.55) 26,428 (33.44) 0.13

* Significant values are in bold. BMI, body mass index; d, standardized difference; IPTW, inverse probability treatment weighting; NSAID, non-
steroidal anti-inflammatory drug; OA, osteoarthritis; PS, propensity score.

@ After age, sex, and general practice matching.

The Kaplan-Meier curves for acetaminophen exposed
compared with unexposed for PUB, uncomplicated peptic ulcers,
lower Gl bleeding, heart failure, myocardial infarction, hyperten-
sion, and chronic renal disease before PS matching are given
in Figure 1A and C, Figure 2A and C, Figure 3A and C, and Sup-
plementary Figure S2A, respectively. The results after PS matching
are given in Figure 1B and D, Figure 2B and D, Figure 3B and D,
and Supplementary Figure S2B, respectively. These estimates indi-
cated that the cumulative hazards for PUB, uncomplicated peptic
ulcers, lower Gl bleeding, heart failure, myocardial infarction, hyper-
tension, and chronic renal disease were higher in the
acetaminophen-exposed group compared with the unexposed
group.

Incidence of Gl, CV, and renal events. There was an
increased incidence of PUB, uncomplicated peptic ulcers, lower
Gl bleeding, heart failure, hypertension, and chronic renal failure
in the acetaminophen-exposed participants compared with the
unexposed participants with adjusted HR (aHR) (95% confidence

interval [95% CI)) after IPTW using PS of 1.24 (1.16-1.34), 1.20
(1.10-1.31), 1.36 (1.29-1.46), 1.09 (1.06-1.13), 1.07 (1.04—
1.11), and 1.19 (1.13-1.24), respectively. Similar results were
observed from the PS-matched analyses (Table 2).

Dose response. The association among developing PUB,
uncomplicated peptic ulcers, and chronic renal failure increased
with  the number of acetaminophen  prescriptions
(Supplementary Table S3). A similar trend was observed when
the analysis was restricted to the acetaminophen-exposed-only
group, with P for trend <0.01 (Supplementary Table S4).

Subgroup analysis. There were 115,387 participants with
OA, of whom 48,812 were matched on PS (24,406 acetamino-
phen exposed and 24,406 unexposed). In this population, expo-
sure to acetaminophen was associated with increased incidence
of lower Gl bleeding, hypertension, and chronic renal failure with
aHR (95% CI) 1.20 (1.09-1.33), 1.06 (1.00-1.13), and 1.15
(1.09-1.22), respectively (Table 3).
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Figure 1. Cumulative hazard estimates before and after PS matching for perforation or ulceration or bleeding (A and B) and uncomplicated peptic
ulcers (C and D) (after age, sex, and general practice matching). The red line represents that acetaminophen exposure has higher hazards for perfo-
ration or ulceration or bleeding and uncomplicated peptic ulcers than the unexposed group, represented by the blue line. PS, propensity score.

DISCUSSION

In this large study of 180,483 acetaminophen exposed par-
ticipants and 402,478 unexposed participants aged 65 years
and older in the UK primary care population, we found that acet-
aminophen exposure was associated with an increased incidence
of PUB, uncomplicated peptic ulcers, lower Gl bleed, heart failure,
hypertension, and chronic renal failure. A dose-response relation-
ship was observed for PUB, uncomplicated peptic ulcers, and
chronic renal failure. The robustness of these associations was
supported by 1) the observed risk for PUB, uncomplicated peptic
ulcers, and chronic renal failure across different models; 2) a sim-
ilar dose-response relationship when the analyses were restricted
only to the acetaminophen-exposed group; 3) an increased inci-
dence of lower Gl bleeding, hypertension, and chronic renal dis-
eases observed in a subgroup analysis restricted to people with
OA—a common long-term painful condition often requiring regu-
lar analgesics aligned with that found in the overall cohort.

The findings of our study are consistent with previous obser-
vational studies that have reported an association between acet-
aminophen intake and the risk of Gl complications and
hypertension.® 81732735 According to an experimental study,
acetaminophen exerts an inhibitory effect on peripheral COX
enzymes, suggesting that it could be a possible mechanism for
the Gl bleeding associated with its prescription.” Furthermore,
the significant dose-response relationship of an increased risk
associated with acetaminophen exposure and PUB, uncompli-
cated ulcer, and chronic kidney disease according to the num-
ber of prescriptions also aligns with previous observational
studies.®16:36:37

The majority of acetaminophen RCTs have not found any
major adverse effects,*®*° apart from one that reported a drop
in hemoglobin of >1 g/dL over 13 weeks, presumed to be due to
Gl bleeding, in 20% of participants with knee pain taking acet-
aminophen 3 g/day.*' This is because the RCTs were primarily
designed for efficacy rather than adverse events, solely reported



SAFETY OF ACETAMINOPHEN IN PEOPLE AGED 65 YEARS OR MORE

671

Nelson—-Aalen cumulative hazard estimates

Nelson—Aalen cumulative hazard estimates

0.40 0.50
—— acetaminophen unexposed —— acetaminophen unexposed
—— acetaminophen exposed - —— acetaminophen exposed
40
0.30
0.30
0.20
0.20
0.10
0.10 -
0.00 0.00
0 10 20 30 0 10 20 30
Analysis time Analysis time
Nelson—-Aalen cumulative hazard estimates Nelson—Aalen cumulative hazard estimates
0.50 0.50 .
acetaminophen unexposed — acelaminophen unexposed
—— acetaminophen exposed f —— acetaminophen exposed
0.40 4 0.40
0.30 - 0.30
0.20 eg ] 0.20
e
0.10 0.10
0.00 - 0.00
0 10 20 30 0 10 20 30

Analysis time

Analysis time

Figure 2. Cumulative hazard estimates for lower gastrointestinal bleeding and heart failure before PS matching (A and C, respectively) and after
PS matching (B and D, respectively) (after age, sex, and general practice matching). The red line represents the acetaminophen exposure group
and shows higher hazards for lower gastrointestinal bleeding and heart failure than the unexposed group, represented by the blue line. PS, pro-
pensity score. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25471/abstract.

short-term effects, were less powered, and recruited healthier
and younger participants.

There is limited experimental evidence to support the impact
of acetaminophen on GlI, CV, or renal events. For example, pro-
longed acetaminophen ingestion might inhibit prostacyclin syn-
thesis in humans, resulting in Gl lesions and bleeding.*>~**
Gréen et al*? suggested that acetaminophen could disadvantage
people suffering from conditions in which prostacyclin-mediated
vascular defense mechanisms are pronounced, such as myocar-
dial infarction, deep vein thrombosis, and after surgery. The rea-
son could be that oral administration of 500 mg acetaminophen
decreases urinary excretion of 2-3-dinor 6 keto prostaglandin
Flalpha, a stable inactive metabolite of major endothelium-
derived COX-2 prostacyclin,*?> and can cause marked reduction
in prostacyclin synthesis for a minimum of six to eight hours with-
out affecting thromboxane production. Acetaminophen is a major
metabolite of phenacetin, which has been associated with

hepatotoxicity and renal damage, but the mechanism of renal
toxicity due to acetaminophen is still debatable. Furthermore,
Lorz et al”® suggested that acute tubular necrosis might be
responsible for renal impairment in people taking acetaminophen
long-term. The tubular cells undergo endoplasmic reticulum
(ER) stress preceding growth arrest and DNA damage-inducible
protein 153 stimulation and alteration to the nucleus in addition
to caspase-12 cleavage. Therefore, acetaminophen may cause
the induction of caspase-mediated cell death, indicating its neph-
rotoxic potential, and ER stress could be recognized as a thera-
peutic target in nephrotoxicity.

The IPTW using PS and PS matching can only control the
known confounding factors and cannot address unmeasured or
unknown confounders. Therefore, our results are prone to potential
confounding bias due to unmeasured/unknown confounders.?"4®

Only 27% of the study participants were included in the PS-
matched analyses, leading to a significant reduction in our study
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Figure 3. Cumulative hazard estimates for myocardial infarction and hypertension PS matching (A and C, respectively) and after PS matching
(B and D, respectively) (after age, sex and general practice matching). The red line represents the acetaminophen exposure group and shows
higher hazards for myocardial infarction and hypertension than the unexposed group, represented by the blue line. PS, propensity score. Color fig-
ure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25471/abstract.

sample size. However, results from the PS-matched analyses
were consistent with those from the IPTW using PS, which used
all study participants exposed to acetaminophen, providing inter-
nal validity of our findings and enhancing their generalizability to
older people prescribed acetaminophen.

A significant caveat to the study is that there is no provision
for recording over-the-counter prescriptions in the CPRD. This
limitation was a reason to restrict the study to people aged >65
years, who were eligible for free prescriptions and therefore were
less likely to purchase acetaminophen independently. Other rea-
sons for selecting this age group include the fact that older people
are at higher risk of Gl, CV, and renal adverse events, making
them more likely to be prescribed acetaminophen than oral
NSAIDs and opioids. Despite this, over-the-counter (OTC) usage
might have affected both the exposure and nonexposure groups.
It was assumed that the distribution would be random for other
OTC analgesics but slightly more toward the nonexposure group,

as those prescribed acetaminophen may be less likely to pur-
chase it independently. Therefore, any such imbalance was
expected to underestimate rather than overestimate the HR. The
findings might be more applicable to settings where acetamino-
phen is predominantly prescribed as a medication. In populations
where OTC remedies are more common across ages, the
observed associations might differ.

Furthermore, acetaminophen is often taken episodically and
for multiple reasons, making it difficult to define people exposed
to acetaminophen and those not exposed to acteminophen. In
this study, minimal acetaminophen exposure was defined as two
or more prescriptions within six months of the first acetaminophen
prescription. However, the subsequent intake of acetaminophen
over time was unknown. The immortal time bias could occur not
only within the exposure window of the initial 12-month period,
but also throughout the entire follow-up period. Therefore, a
time-varying exposure analysis is necessary to account for
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Table 2. HRs and 95% Cls for incidence of gastrointestinal, cardiovascular, and renal outcomes in the acetaminophen-exposed group vs the

nonexposed group*

Event rate/ Event rate/

1,000 person-years 1,000 person-years

Acetaminophen (IPTW using (PS-matched Model 1, Model 2, Model 3, Model 4,
Outcomes exposure PS sample) sample) HR (95% Cl) HR (95% Cl) HR (95% Cl) HR (95% Cl)
PUB No 5.51 11.54 1.00 1.00 1.00 1.00
Yes 12.19 12.63 2.21(2.10-2.32) 1.10 (1.01-1.19) 1.06 (1.00-1.16) 1.24 (1.16-1.34)
Uncomplicated No 3.65 7.72 1.00 1.00 1.00 1.00
peptic ulcers
Yes 7.84 8.38 2.15(2.02-2.29) 1.09 (1.00-1.21) 1.04 (0.95-1.16) 1.20(1.10-1.31)
Lower Gl bleed No 9.53 19.87 1.00 1.00 1.00 1.00
Yes 23.36 23.23 2.45 (2.36-2.54) 1.20 (1.13-1.28) 1.15 (1.09-1.23) 1.36 (1.29-1.45)
Heart failure No 24.67 40.94 1.00 1.00 1.00
Yes 4897 49,52 1.98 (1.93-2.03) 1.24 (1.20-1.27) NA 1.09 (1.06-1.13)
Myocardial No 13.23 23.00 1.00 1.00 1.00
infarction
Yes 22.95 23.13 1.73 (1.67-1.79) 1.04 (1.00-1.09) NA 0.99 (0.94-1.04)
Hypertension No 33.20 50.16 1.00 1.00 1.00
Yes 54.23 54.57 1.62 (1.59-1.66) 1.10 (1.07-1.13) NA 1.07 (1.04-1.11)
Chronic renal No 16.24 30.77 1.00 1.00 1.00
failure
Yes 37.08 40.90 2.29 (2.25-2.33) 1.31 (1.27-1.35) 1.22 (1.18-1.25) 1.19 (1.13-1.24)

* Significant results are in bold. Model 1, age, gender, and practice matched; model 2, age, gender, practice and PS matched; model 3, age, gen-
der, practice and PS matched with further adjustments for the variables that were still not balanced after PS matching, ie, Charlson comorbidity
index, OA, H2-receptor blockers, aspirin for Gl and Charlson comorbidity index, ex-smokers for chronic renal failure; model 4, IPTW method
using PS. GI, gastrointestinal; HR, hazard ratio; IPTW, inverse probability treatment weighting; NA, not applicable; OA, osteoarthritis; PS, propen-
sity score; PUB, perforation or ulceration or bleeding; 95% Cl, 95% confidence interval.

dynamic changes in oral consumption of acetaminophen, to allow
the counting of events according to exposure and nonexposure
after the landmark date, and to better reflect the episodic taking
of acetaminophen and its association with adverse effects, such
as Gl bleeding.

This population-based cohort study, in which the likelihood
of confounding by indication was minimized using PS methods,
has produced robust evidence concerning the safety of acet-
aminophen in older adults. Although the incidence of acetamino-
phen side effects may be lower than that of NSAIDs and COX-2
inhibitors, their side effect profiles are similar, which reflects the
now-recognized COX inhibitory effect of acetaminophen.®® These

Table 3. Subgroup analysis in participants with OA*

data further challenge whether acetaminophen should be
retained as the first-line oral analgesic, especially in older people
for common chronic painful conditions, given its nonclinically
meaningful benefits and potential harms, and support the recent
recommendation by NICE to not prescribe acetaminophen for
OA.™ A study in which acetaminophen prescription is modeled
as a time-varying exposure should be undertaken to confirm
these findings.

This study provides the most recent evidence regarding the
risk of important adverse events associated with oral administra-
tion of acetaminophen in the general population, as well as people
with OA aged >65 years. Given the low analgesic benefit of

Model 1, Model 2, Model 3, Model 4,
Outcomes HR (95% Cl) HR (95% Cl) HR (95% Cl) HR (95% Cl)
PUB 1.22 (1.10-1.35) 1.08 (0.94-1.26) 1.07 (0.92-1.24) 1.13(0.99-1.29)
Uncomplicated peptic ulcers 1.15(1.01-1.30) 0.97 (0.81-1.16) 0.95(0.79-1.14) 1.04 (0.89-1.22)
Lower Gl bleed 1.29 (1.19-1.39) 1.09 (0.98-1.22) 1.05(0.94-1.18) 1.20 (1.09-1.33)
Heart failure 1.08 (1.03-1.14) 1.06 (1.00-1.11) 1.07 (1.02-1.13) 0.98 (0.92-1.04)
Myocardial infarction 1.00 (0.93-1.07) 0.96 (0.90-1.03) 0.96 (0.88-1.03) 0.82 (0.75-1.04)
Hypertension 0.96 (0.91-1.01) 0.97 (0.93-1.02) 0.99 (0.94-1.05) 1.06 (1.00-1.13)

Chronic renal failure 1.26 (1.22-1.31)

1.21 (1.15-1.28)

1.16 (1.10-1.22)

1.15(1.09-1.22)

* The incidence in the nonexposed group was used as the reference; significant results are in bold. Model 1, age,
gender, and practice matched; model 2, age, gender, practice and PS matched; model 3, age, gender, practice and
PS matched with further adjustments for the variables that were still not balanced after PS matching, ie, Charlson
comorbidity index, OA, H2-receptor blockers, aspirin for Gl and Charlson comorbidity index, ex-smokers for cardio-
vascular and renal events; model 4, inverse probability treatment weighting method using PS. GI, gastrointestinal;
HR, hazard ratio; OA, osteoarthritis; PS, propensity score; PUB, perforation or ulceration or bleeding; 95% Cl, 95%

confidence interval.
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acetaminophen in OA and its potential harms, existing guidelines
recommending acetaminophen as the first-line oral drug treat-
ment for OA require reassessment.
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Not So Patient Friendly: Patient Education Materials in
Rheumatology and Internal Medicine Fall Short of Nationally
Recommended Readability Benchmarks in the United States

Yazmin Rustomii,’ ¢/ Ugochukwu C. Nweke,? Sobia Hassan,' Usama Ahmad," and Meenakshi Jolly’

Objective. Patient education materials (PEMs) can help promote health literacy (HL) among patients. However,
their use depends on how easily patients can read and comprehend the information. Several national organizations
recommend that text be written at a sixth- to eighth-grade level. Herein, we assess and compare the readability and
comprehension (RC) of PEMs for rheumatologic and general medical conditions.

Methods. We used six standardized RC metrics including the well-known Flesch Kincaid Readability Ease and
Flesch Kincaid Grade Level to evaluate the RC of PEMs (n = 175) on the American College of Rheumatology (ACR)
(n = 86) and the Journal of the American Medical Association (JAMA) (n = 89) websites. Two-sided t-tests compared
RC between the two resources. P < 0.05 was considered significant.

Results. On all six standardized metrics used, the mean reading level of all PEMs ranged from high school to col-
lege level. For example, the mean + SD of Simple Measure of Gobbledygook Index was 10.89 + 1.88, corresponding
to a 10th-grade education, and the mean + SD of Gunning Fog Score was 14.39 + 2.49, corresponding to a 14th-grade
education required to understand the text. JAMA PEMs had significantly more difficult RC levels compared to ACR
PEMs based on five of the six indices used (P < 0.05).

Conclusion. PEMs available on the ACR and JAMA websites do not align with national organizations’ recommen-
dations for RC levels. To enhance patient understanding and promote HL, existing PEMs must be modified in line with

these recommendations.

INTRODUCTION

In 2003, the National Center for Education Statistics con-
ducted a national assessment of adult literacy, including a health
literacy (HL) assessment with three domains including clinical,
prevention, and navigating the health care system. Results
revealed that nearly one-third of American adults struggled to
comprehend and act on health-related information.” HL encom-
passes the ability to read, understand, and, most importantly,
apply health information. Adequate HL is crucial for individuals’
ability to make informed health care decisions, prevent illness,
and promote wellness.?

The National Assessment of Adult Literacy identifies four levels
of HL: below basic, basic, intermediate, and proficient. Only 12% of
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adults in the United States meet a proficient level. In contrast, more
than one-third of adults fall into the below basic and basic levels
and thus have a limited ability to engage in complex health-related
activities. This corresponds to approximately 77 milion individuals
facing challenges with basic health tasks such as following vaccina-
tion guidelines or understanding prescription drug labels. '
Individual and social factors such as a patient’s educational
status, cultural norms, and language proficiency, as well as the
ability of the media, government, and marketplaces to convey
health information, can shape one’s HL level.* Additionally, health
care providers’ ability to meaningfully educate patients about their
health is crucial for patients to participate in shared decision-
making.® This is especially important regarding the complex and
chronic conditions encountered within rheumatology and internal
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SIGNIFICANCE & INNOVATIONS

+ A high school or college level of education is
required to read and comprehend the currently
available patient education materials (PEMs) from
the American College of Rheumatology (ACR) and
Journal of the American Medical Association (JAMA)
websites. This exceeds the recommended sixth- to
eighth-grade reading level for patient education
materials proposed by national organizations.

* JAMA PEMs are more difficult for patients to read
and comprehend than ACR PEMs.

+ Current PEMs should be revised for the appropriate
reading level to reflect the health literacy needs of
patients, and new PEMs should be created in line
with national recommendations.

« PEMs should state a Readability Ease Score for
transparency and accountability.

medicine. Patients must have access to effective patient educa-
tional materials (PEMs) that facilitate understanding of the disease
and its management and, most importantly, provide guidance on
how to use that information to seek preventive and ongoing care.
PEMs that are readily available and easy to comprehend are criti-
cal tools that allow patients to be proactive about their medical
care, potentially leading to decreased health care costs, reduced
disability, and improved health outcomes.®

Arthritis is the number one cause of work disability among
US adults and is associated with significant health care costs.”
In 2013, the total attributable medical costs and earning losses
for osteoarthritis were a staggering $303.5 billion, about 1% of
the US Gross Domestic Product.® A survey of patients with arthri-
tis found that health care professionals were the primary source of
information, followed by PEMs.® The study revealed that higher
levels of information reception were associated with better medi-
cation adherence and greater satisfaction with doctors’ support
for medication-related concerns.® Effective PEMs may help with
information reception on the individual level and lead to systemic
changes, including lower rates of hospitalizations and lower
health care costs.

Current PEMs often contain technical jargon and complex
language, hindering readability and comprehension (RC).'° For
example, studies have found that PEMs related to osteoarthritis
and cardiovascular diseases, two prevalent chronic conditions,
did not meet the recommended readability criteria.’ "2 If PEMs
do not align with a patient’s RC level, patients will struggle to read
the entire material, or may not even attempt to read it. Lengthy
PEMSs are less likely to be read completely; a survey study regard-
ing nutrition and wellness PEMs found that most respondents
(83%) preferred single-page PEMs."® Available languages pose
another barrier; in the same study, 45% of respondents
requested materials to be available in Spanish.'® The current state
of PEMs suggests a lack of accessibility for a significant portion of

the patient population. Studies have shown that approximately
30% of the adult White population, 58% of the Black population,
and 65% of the adult Hispanic population have basic or below
basic HL skills.'" Even individuals who have completed high
school or college may face challenges with their HL skills.®

Different organizations have varying recommendations for
the readability level of PEMs. The National Institutes of Health
(NIH) and the American Medical Association (AMA) recommend
that PEMs should not exceed the sixth-grade reading level.'®'®
Meanwhile, the Centers for Disease Control and Prevention
(CDC) recommends a readability level below the eighth-grade
level."” Prior studies on the RC of PEMs in arthritis and other
health conditions encountered by primary care providers have
shown that many of these materials do not meet this cri-
teria’®'®1%  however, these were conducted nearly a
decade ago.

This study aimed to evaluate and compare the current read-
ability and comprehensibility of rheumatology and internal medi-
cine PEMs available on the websites of the American College of
Rheumatology (ACR) and the Journal of the American Medical
Association (JAMA) using standardized indices. To account for
the differences between national reading level recommendations,
our study considers the sixth-grade reading level preferable but
considers the seventh-grade level acceptable.

MATERIAL AND METHODS

This was a cross-sectional study. PEMs were identified from
the ACR and JAMA Network websites. The ACR and JAMA orga-
nizations were selected for this study, as they are nationally rec-
ognhized organizations broadly covering rheumatology and
internal medicine and are freely accessible by both patients
and clinicians on the internet. Because it is difficult to generalize
what resources different clinics and institutions use, these two
organizations were chosen as popular resources for patients
and clinicians. Additionally, because clinics and institutions may
use a variety of electronic medical record (EMR) systems, both
organizations offer open access to PEMs. All PEMS from the
ACR website under the “Diseases & Conditions” and “Treat-
ments” sections were analyzed. The remaining sections of “Living
with Rheumatic Disease” and “Health Care Team” were excluded
because these sections did not specifically contain information for
rheumatologic diseases and treatments, or they only contained
weblinks to PEMs within the previous two sections. From the
JAMA Network website, internal medicine PEMs from January
2021 to July 2022, during which this study was conducted, were
analyzed (Supplementary Table 1).

Standardized RC metrics were calculated using a free web-
based tool called www.webfx.com. This tool contains readability
indices to determine the reading grade level of English-language
text. The indices used in this study include the Flesch Kincaid
Readability Ease (FKRE), Flesch Kincaid Grade Level (FKGL),
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Simple Measure of Gobbledygook Index (SMOG), Gunning Fog
Score (GFS), Coleman-Liau index (CLI), and the Automated
Readability index (ARI). Each index provides insight into the com-
plexity and comprehensibility of the text based on factors includ-
ing sentence and word length, syllables per word, and the use of
uncommon words.

The FKRE and FKGL formulas were selected as they are the
most used readability metrics to assess health care literature.?®
The FKRE rates readability on a scale of O to 100, with higher
scores indicating greater reading ease. The FKGL estimates the
grade level required to comprehend the text in the United States.
The SMOG index was selected as it is the recommended reading
formula for evaluating health care materials.?’ The SMOG index
determines the estimated number of education years needed to
comprehend the materials. GFS, CLI, and ARI were also selected
because multiple other studies that evaluated the RC of PEMs
used these formulas.° The GFS calculates the estimated number
of formal education years needed to understand the text after one
reading. The CLI evaluates the US grade level required to com-
prehend the text, and the ARI determines the grade level needed
to understand the passage. Goal scores for each readability index
were set at or below seventh grade (Table 1).

Text from each individual PEM was copied and pasted into
the WebFX readability calculator to obtain a score based on the
chosen formula. To minimize bias and maintain consistency, only
the text relating to the disease or treatment was analyzed. Nones-
sential content such as author names, affiliations, brand names,
proprietary names, references, copyright information, disclaimers,
author information, hyperlinks, pictures, and advertisements was
excluded. The scores for each PEM were transferred to an Excel
spreadsheet for further analysis.

The data analyses were conducted using IBM SPSS statis-
tics. There were no power or sample size calculations as this
was a hypothesis-generating, exploratory observational study.
Mean and SD were used for descriptive statistics. Range and
interquartile range (IQR) were also reviewed. We hypothesized

that RC for PEMs would not align with the recommended RC
levels for PEMs. An F-test was performed to check for normal ver-
sus nonnormal distributions to compare RC metrics between
ACR and JAMA PEMs. Nonparametric two-sample t-tests were
performed. Our hypothesis for the comparisons between ACR
and JAMA PEMs was that ACR PEMs would be more complex,
resulting in less-favorable RC metrics, given the relative rarity of
many rheumatic conditions with multisystem involvement and
heterogenous manifestations, compared to conditions routinely
seen in general internal medicine. Given the larger member size
and resources of internal medicine organizations, we also hypoth-
esized they would be more proficient at producing patient-friendly
PEMs. P < 0.05 was considered significant on two-tailed tests.

RESULTS

In total, 175 PEMs were assessed, 86 PEMs from the ACR
and 89 PEMS from the JAMA Network website (Supplementary
Table 2). The mean + SD FKRE of all the PEMs evaluated was
42.05 + 10.98. FKRE of 30 to 50 equates to “difficult to read, best
understood by college graduates.” FKRE scores had a range
(IQR) of 11.7 to 86.9 (14.1). The mean + SD FKGL of all PEMs
was 12.08 + 2.25, which correlates to a required 12th-grade level
to comprehend material and is characterized as “fairly difficult to
read.” FKGL scores had a range (IQR) of 4.2 to 18.5 (3.1). The
mean + SD GFS was 14.39 + 2.48, denoting about 14 years of
formal education required to comprehend the text on the first
reading, with a range (IQR) of 7.1 to 21.5 (3.2). The mean + SD
SMOG index of all PEMs was 10.89 + 1.88, indicating at least
10 years of education required to comprehend the writing, with
arange (IQR) of 5.0 to 16.2 (2.4). The mean + SD CLI was 14.55
+ 1.60, which is described as “difficult understanding; the text is
best understood by college students,” with a range (IQR) of 9.0
t0 18.4 (1.9). The mean = SD ARI of all PEMs was 12.28 + 2.49,
which is described as a “12th grader, and a first-year college stu-
dent can comprehend the passage,” with a range (IQR) of 4.6 to

Table 1. Measurement indices and respective formulas to determine reading grade levels*

Index Formula Goal score Interpretation
Flesch Kincaid Readability Ease 206.835 - 1.015 x (words / sentences) — >70 Scored 0-100, with higher
84.6 x (syllables / words) scores indicating greater ease
of reading
Flesch Kincaid Grade Level 0.39 x (words / sentences) + 11.8 x <7 Grade level to comprehend text
(syllables / words) = 15.59
Gunning Fog Score 0.4 x [(words / sentences) + 100 x <7 No. of years of education
(complex words / words)] required to comprehend text
on first reading
Simple Measure of Gobbledygook Index 1.0430 x sgrt(30 x complex words / <7 No. of years of formal education
sentences) + 3.1291 required to comprehend
writing
Coleman-Liau Index 5.89 x (characters / words) — 0.3 x <7 Grade level required to
(sentences / words) - 15.9 comprehend text
Automated Readability Index 4.71 x (characters / words) + 0.5 x (words <7 Grade level needed to

/ sentences) - 21.43

understand the passage

* sqgrt, square root.
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19.7 (3.3). The mean + SD number of sentences used by all PEMs
was 30.24 + 7.90, with a range (IQR) of 3 to 59 (10). Each sen-
tence had a mean + SD number of words of 18.86 + 3.92 and a
range (IQR) of 11.1 to 30.4 (5.6). The mean + SD total number of
words in all PEMs was 557.38 + 132.78, with a range (IQR)
of 37 to 1,223 (149). Complex words accounted for about one-
fifth of total words (mean + SD: 106.84 + 37.87), with a range
(IQR) of 3 to 348 (46). The average number of syllables per word
of all PEMs had a mean + SD of 1.71 + 0.12, with a range (IQR)
of 1.27 t0 2.06 (0.1) (Table 2).

A comparison of the RC of PEMs from the two websites,
ACR and JAMA, is shown in Table 3. The mean + SD FKRE of
ACR PEMs was higher than of JAMA PEMs, 45.2 3 + 8.49 com-
pared to 38.99 + 12.92 (P < 0.001), indicating that ACR PEMs
are comparatively easier to read. Similarly, the FKGL mean + SD
for ACR PEMs was 11.07 + 1.63 and for JAMA PEMs was
13.06 + 2.34, with JAMA PEMSs requiring a higher grade level to
understand compared to ACR PEMs (P < 0.001). The mean =
SD GFS was also significantly lower for ACR PEMs compared to
JAMA PEMs, 13.29 + 1.94 compared to 15.45 + 2.49, respec-
tively (P < 0.001). The differences in mean + SD of SMOG indices
followed the same pattern, with ACR PEMs having a significantly
lower mean + SD compared to JAMA PEMs, 10.01 = 1.35 versus

11.783 + 1.94, respectively (P < 0.001). The ARI mean = SD
followed this pattern, with ACR PEMs having a significantly lower
mean + SD of 11.15 + 1.80 compared to JAMA PEMs with a
mean = SD of 13.27 + 2.58 (P < 0.001). Interestingly, there
was no significant difference in CLI mean + SD between ACR
PEMs and JAMA PEMs, with a mean + SD of 14.57 + 1.41 and
14.53 + 1.76, respectively (P = 0.943). For the average number
of sentences used in the PEMs, there was no significant differ-
ence between the mean + SD of ACR PEMs and JAMA PEMs,
31.06 + 9.08 versus 29.45 + 6.52, respectively (P = 0.412).
ACR PEMs included significantly fewer total words compared
to JAMA PEMs, mean + SD was 504.93 + 148.12 versus
608.06 + 91.55, respectively (P < 0.001). Although there was a
significant difference in mean + SD of complex words between
ACR PEMs and JAMA PEMs, 92.63 + 39.37 versus 120.81 +
32.19, respectively (P < 0.001), we did not find a significant dif-
ference in the percent of complex words (P = 0.059). The mean
+ SD average number of words per sentence was significantly
different between the groups; ACR PEMs had a mean + SD of
16.55 + 2.79 whereas JAMA PEMs had a mean + SD of 21.20
+ 3.55 (P < 0.001). For average syllables per word, there was
no significant difference between the mean + SD of the two
groups (P =0.316).

Table 2. Readability and comprehension scores of all PEMs reviewed (combined ACR and JAMA)*

Reading Index Mean SD Range IQR Interpretation of Mean

FKRE 42.05 10.98 75.2 14.1 Scored from 0 to 100. Higher scores
indicate greater reading ease. FKRE
of 30-50 is “difficult to read, best
understood by college graduates”

FKGL 12.08 2.25 14.3 31 FKGL of 12 indicates 12th-grade levels
are required to comprehend the
material on the page and are “fairly
difficult to read”

Gunning Fog Score 14.39 248 141 3.2 Gunning Fog Score of 13-15 denotes
that 13-15 years of formal education
is needed to comprehend text on the
first reading

SMOG Index 10.89 1.88 11.2 2.4 SMOG index of 10 indicates that 10
years of education is needed to
comprehend the text

Coleman-Liau Index 14.55 1.60 9.4 1.9 Coleman-Liau index of 14 indicates
“difficult understanding; the text is
best understood by college
students”

ARI 12.28 2.49 15.1 33 ARI of 12 denotes “a 12th grader and a
first-year college student can
comprehend the passage”

Sentences 30.24 7.90 56 10 N/A

Words 557.38 132.78 1,186 149 N/A

Complex words 106.96 38.48 346 46 N/A

Percentage of complex words 18.98 416 254 52 N/A

Average words in a sentence 18.86 3.92 193 5.6 N/A

Average syllables per word 1.72 0.11 0.8 0.1 N/A

* ACR, American College of Rheumatology; ARI, Automated Readability index; FKGL, Flesch Kincaid Grade Level; FKRE, Flesch Kincaid Readabil-
ity Ease; IQR, interquartile range; JAMA, Journal of the American Medical Association; N/A, not applicable; PEM, patient educational material;

SMOG, Simple Measure of Gobbledygook.
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Table 3. Comparison between readability of PEMs from ACR and JAMA Network*

Independent
ACR JAMA sample test
Reading Index Mean SD Mean SD Pvalue

Flesch Kincaid Readability Ease 45.23 8.49 38.99 12.92 <0.001
Flesch Kincaid Grade Level 11.07 1.63 13.06 234 <0.001
Gunning Fog Score 13.29 1.94 15.45 249 <0.001
Simple Measure of Gobbledygook Index 10.01 1.35 11.73 1.94 <0.001
Coleman-Liau index 14.57 1.41 14.53 1.76 0.943
Automated Readability index 11.15 1.80 13.37 2.58 <0.001
Sentences 31.06 9.08 2945 6.52 0412
Words 504.93 148.12 608.06 91.55 <0.001
Complex words 92.63 39.37 120.81 32.19 <0.001
Percentage of complex words 18.18 342 19.75 4.67 0.059
Average words in a sentence 16.55 2.79 21.10 3.55 <0.001
Average syllables per word 1.71 0.09 1.73 0.12 0.316

* ACR, American College of Rheumatology; JAMA, Journal of American Medical Association.

DISCUSSION

Our study aimed to assess the current RC metrics of PEMs
available on the ACR and JAMA Network websites for rheumatol-
ogy and internal medicine. National guidelines from the NIH, AMA,
and CDC recommend that PEMs should be written at a sixth- to
eighth-grade reading level to ensure accessibility for a wide range
of patients. However, our findings reveal that across all six RC
measures used, most PEMs on the ACR and JAMA websites
are written at a high school or college level. The FKRE, GFS, CLI,
and ARI mean scores across all PEMs evaluated indicate at least
a college-level education to read and comprehend the PEMs.
Mean FKGL scores across PEMs recommend at least a 12th-
grade high school reading level to read and comprehend the
PEMs. Although the SMOG index is the most recommended to
interpret RC of health-related materials,?" our study showed a
mean SMOG corresponding to the 10th grade; this is still three
grade levels above the average national recommendation. The
ranges for each RC metric were broad, showing that there were
some PEMs within the readability recommendations. However,
despite the slight differences in the mean reading levels across
the six indices, all mean scores were consistently higher than rec-
ommended, and the IQR of each RC metric did not include read-
ing levels below the seventh grade, indicating that the PEMs are
truly too difficult for many patients to read, understand, and use
for their own health care decisions (Figures 1 and 2).

Contrary to our hypothesis, our study showed that internal
medicine PEMs from JAMA were more difficult to read than rheu-
matology PEMs from ACR. We expected that the RC metrics of
ACR PEMs would be more difficult owing to the complexity
of rheumatologic conditions, which is heightened by their multior-
gan system involvement, heterogeneous manifestations, and
treatment with medications that can cause significant toxicity.
Additionally, patients may have more familiarity with the more
common but still complex general medical conditions such as
hypertension and diabetes, through discussions with affected

family members and friends. We also speculated that large inter-
nal medicine organizations would have more expertise and
resource allocation to the development of patient-friendly PEMs,
especially related to the common chronic diseases that contribute
to significant health burden in the general population. However,
our findings dispute our hypotheses. Furthermore, when compar-
ing individual PEMs from ACR and JAMA on the same topic, the
ACR PEMs scored higher on FKRE and lower on FKGL, GFS,
SMOG index, CLI, and ARI compared to their respective JAMA
PEM, corresponding to less difficult RC levels (Supplementary
Table 3). One explanation of this difference includes that internal
medicine PEMs from the JAMA Network, despite being labeled
as “Patients Page,” may have been written primarily for academic
purposes by content experts but perhaps not by experts in the
development of PEMs. As a reputable research journal, JAMA
Network focuses on publications and research, which could
explain the higher difficulty level of their PEMs.

Patient-friendly PEMs play a crucial role in promoting patient
engagement and optimizing HL. Numerous studies have
highlighted the link between low HL, poor health care outcomes,
and health disparities.?*?* Low HL marginalizes vulnerable
groups and leads to a decreased ability to access health care ser-
vices, manage chronic diseases, complete health forms, engage
in self-care, and communicate effectively with health care pro-
viders.?® Low HL also contributes to higher hospital admission
rates, medication nonadherence, increased mortality, increased
health care costs, and reduced use of preventive services.?®

The field of rheumatology has been at the forefront of under-
standing the needs of its patient population and incorporating
those needs into medical management. For example, the general
Health Literacy Universal Precautions Toolkit has been adapted
for rheumatology clinics®’; its use has been shown to increase
medication compliance and possibly improve disease activity of
rheumatoid arthritis.?® Key aspects of this toolkit include improv-
ing written communication. This is where effective PEMs come
in. However, despite these studies highlighting the importance of
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Figure 1. Combined distributions of all patient education materials for the Flesch Kincaid Readability Ease and Flesch Kincaid Grade Level

indices.

Clearly written communication tailored to the HL needs
of patients, our research aligns with previous studies that have
shown that many PEMs are difficult for patients to read, under-
stand, and use. A 2013 study comparing online PEMs on osteo-
arthritis, systemic lupus erythematosus, rheumatoid arthritis, and
vasculitis from various resources showed that PEMs from ACR
were consistently over the recommended eighth-grade level and
were more difficult than PEMs from other national organizations
such as the National Institute of Arthritis and Musculoskeletal
and Skin Diseases and the Mayo Clinic.'" A 2021 study showed
that only 2.1% of the 2,585 PEMs published in high-impact
journals from 1998 to 2018 met the AMA recommendation of
sixth-grade reading level, whereas 8.2% met the eighth-grade
recommendation of reading level by NIH.?® In this study, Annals of
Rheumatic Disease (ARD) and JAMA repeatedly produced PEMs
with reading levels greater than the 11th grade, without significant
improvement over the years.2° Like in our study, the reading grade
level for ARD PEMs was lower than JAMA PEMs. A 2019 study, in
which patients from Australia, Canada, and the United Kingdom
were tested for their knowledge of medications after receiving corre-
sponding PEMs from their rheumatologist, found that a majority of
patients answered questions incorrectly, suggesting that the RC of
those PEMs was too difficult for the patients to read, comprehend,
and apply the information.?° It has been proven repeatedly in the
past that PEMs are written at higher-than-recommended reading
levels. Although researchers of these studies have hoped for
change and improvement in PEM readability, our results highlight
the persistent issue of inadequate readability of PEMs and empha-
size the call for immediate action.

It is important to acknowledge the limitations of our study.
Our evaluation software was not able to account for the inclusion
of pictorials, graphs, and tables in the PEMs, which could be
essential for patient comprehension. The exclusion of these
visuals in our analysis may have artificially inflated the reading diffi-
culty scores. We recommend that future studies use metrics that
can assess the graphics and layout of PEMs to assess RC more
comprehensively, such as with the Patient Education Materials
Assessment Tool.2' Moreover, our study was designed without
patient participants and therefore evaluated RC indirectly.
Although these metrics provided objective data, we recommend
future studies to evaluate the patients’ comprehension levels
directly and compare readability measures to patient responses
to increase the validity of the results. It is important to note that
this is a limitation of other studies that use these measures to eval-
uate RC of PEMs, as the validity and reliability of these RC mea-
sures have not been well-studied for specifically health-related
reading materials.?’ Another limitation is the generalizability of
our findings, as our analysis was limited to English-language
PEMs. Although there were ACR PEMs in Spanish, evaluating
these PEMs was beyond the scope of this study, as linguistic dif-
ferences in Spanish and English require different readability met-
rics to assess RC. Therefore, by only evaluating English PEMs,
our study excludes a significant subset of patients who may expe-
rience low HL and poorer outcomes, particularly among different
racial and ethnic groups. Access to patient-centric PEMs in
patients’ native languages is crucial for addressing health dispar-
ities. Additionally, our study focused specifically on PEMs from
the ACR and JAMA websites because they are reputable
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organizations that provide easy access to PEMs. However, we do
not have data on how many patients or clinics actually use PEMs
from these sources versus other sources. We understand that
some patients may refer to disease-specific organizations, such
as the Lupus Foundation of America or the American Heart Asso-
ciation; however, analyzing disease-specific organizations was
beyond the scope of this study. We recommend future studies
analyze the RC of PEMs available on these disease-specific orga-
nization websites. Additionally, we did not compare RC of PEMs
based on disease complexity (such as lupus versus bursitis), as
it was beyond the scope of our study to assign complexity to each

disease process. However, we recommend a future study to ana-
lyze if difficulty in RC correlates with disease complexity. Addition-
ally, we recognize that institutions may have their own built-in
systems for PEMs or may access PEMs directly from their EMR
system. However, we did not analyze these PEMs because they
are not accessible to institutions that do not have the same EMR
or open access to resources such as UpToDate. We recommend
future studies analyze PEMs that are built into an institution’s
EMR. Lastly, our study was conducted in 2022, and although
we have shown that there has been little progress in the readabil-
ity of PEMs for rheumatology and internal medicine topics in the
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past several years,'?>* it is possible that if our study is repeated

now, we could see some improvement in the RC of PEMs on
these websites. We recommend that PEM RC continue to be
studied, to advocate for organizations to make PEMs easier for
patients to use them.

Despite these limitations, our study also possesses several
strengths. We gathered a substantial number of PEMs from the
ACR and JAMA websites, allowing for a comprehensive compar-
ison of their readability metrics. We employed multiple standard-
ized methodologies and metrics to assess readability, ensuring
consistency in our findings. By using various metrics and consid-
ering the recommmendations of national organizations such as the
NIH and CDC, we aimed to provide a balanced and comprehen-
sive assessment of the reading levels of PEMs, recommending a
maximum reading level of seventh grade.

Overall, this study highlights that PEMs available on the ACR
and JAMA websites are not patient-friendly, as they do not align with
national organizations’ recommendations for RC literacy levels. The
RC gap poses challenges for patients with HL difficulties and may
be detrimental to their health outcomes and health care use.

To address this issue, revising and improving the readability
of existing PEMs on these websites should be prioritized. Efforts
should be focused on aligning the materials with recommended
readability metrics, to ensure they are accessible and understand-
able to patients with diverse literacy levels. We suggest going
beyond just evaluating PEMs with the RC tools in this study and
also directly involve patients from diverse HL backgrounds in the
PEM revision and development process. Future development of
PEMs must incorporate a patient-centered approach to create
high-quality educational materials. Based on our results, we rec-
ommend the development of proper guidelines for the publication
of new materials on the ACR and JAMA Network websites. We
propose the development of a PEM-focused task force within
each organization to ensure PEMs meet the appropriate RC cri-
teria. For additional transparency, we suggest that each PEM on
the ACR and JAMA websites contain a “readability ease score,”
ranging from “basic” to “advanced.” For example, if PEMs are
scored via FKGL, “basic” would correspond to grade levels
below seventh grade, “fairly basic” would be assigned to
seventh- and eighth-grade level, “fairly advanced” would be
assigned to 9th- to 12-grade level, and “advanced” would
be assigned to college level. We suggest against the inclusion of
the actual grade level on PEMs to avoid confusing or stigmatizing
patients. Rather, this “readability ease score” can help providers
choose appropriate PEMs based on their patients’ reading and
education levels. We also understand that some patients may
seek out more detailed and advanced information; therefore,
transparent readability scores can ensure that patients can
access PEMs that fit into their unique HL level. In addition to
increasing transparency about the difficulty level of PEMS, this
recommendation can also help create accountability for improv-
ing the PEMs’ readability.

For the actual development of easily readable and under-
standable PEMs, the CDC’s “Simply put” guide provides valuable
information.’” This resource emphasizes the importance of con-
ducting a needs analysis, setting learning objectives, composing
appropriate content, and evaluating the effectiveness of the mate-
rials. The guide contains specific recommendations for improving
the RC of PEMs; for example, avoiding medical jargon by using
“high blood pressure” rather than “hypertension.” Attention
should also be given to the language used, ensuring its suitability
for the target patient group.? Again, we emphasize the direct
involvement of patients in the revision of current PEMs and the
development of new PEMs.

In conclusion, current PEMs from ACR and JAMA exceed
the nationally recommended reading and comprehension levels
of sixth to eighth grade. Our study demonstrates that PEMs from
ACR and JAMA are at the high school or college level. Addition-
ally, JAMA PEMs are more difficult for patients to read and com-
prehend compared to ACR PEMs. As effective PEMs help
educate patients about their health, promote shared decision-
making, increase medication compliance, lower health care
costs, and improve health outcomes, it is essential that they are
more patient-friendly. Therefore, current PEMs should be revised
to the appropriate reading level, and new PEMs should be cre-
ated in line with national recommendations.

AUTHOR CONTRIBUTIONS

All authors contributed to at least one of the following manuscript
preparation roles: conceptualization AND/OR methodology, software,
investigation, formal analysis, data curation, visualization, and validation
AND drafting or reviewing/editing the final draft. As corresponding
author, Dr Rustomiji confirms that all authors have provided the final
approval of the version to be published, and takes responsibility for the
affirmations regarding article submission (eg, not under consideration
by another journal), the integrity of the data presented, and the state-
ments regarding compliance with institutional review board/Declaration
of Helsinki requirements.

REFERENCES

1. Office of the Surgeon General (US); Office of Disease Prevention and
Health Promotion (US). Panel 1: health literacy, literacy, and health
outcomes. In: Proceedings of the Surgeon General’s Workshop on
Improving Health Literacy: September 7, 2006, National Institutes of
Health, Bethesda, MD. Office of the Surgeon General (US); 2006.

2. Serensen K, Van den Broucke S, Fullam J, et al; (HLS-EU) Consortium
Health Literacy Project European. Health literacy and public health: a
systematic review and integration of definitions and models. BMC
Public Health 2012;12(1):80.

3. Kutner M, Greenberg E, Jin'Y, Paulsen C. The health literacy of Amer-
ica’s adults: results from the 2003 National Assessment of Adult Liter-
acy. Institute of Education Sciences website. 2006. Accessed May 1,
2022. http://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2006483

4. Chen X, Hay JL, Waters EA, et al. Health literacy and use and trust in
health information. J Health Commun 2018;23(8):724-734.

5. Scalia P, Durand MA, Elwyn G. Shared decision-making interventions:
an overview and a meta-analysis of their impact on vaccine uptake.
J Intern Med 2022;291(4):408-425.


http://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2006483

684

RUSTOMIJI ET AL

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bartlett EE. How can patient education contribute to improved health
care under prospective pricing? Health Policy 1986;6(3):283-294.

FastStats Arthritis. Centers for Disease Control and Prevention web-
site. Updated 2024. Accessed December 26, 2024. https://www.
cdc.gov/nchs/fastats/arthritis.htm.

Chronic Disease Indicators: Arthritis. Centers for Disease Control and
Prevention website. 2024. Accessed December 26, 2024. https://
www.cdc.gov/cdi/indicator-definitions/arthritis.html

Geryk LL, Blalock S, DeVellis RF, et al. Associations between patient
characteristics and the amount of arthritis medication information
patients receive. J Health Commun 2016;21(10):1122-1130.

Stossel LM, Segar N, Gliatto P, et al. Readability of patient education
materials available at the point of care. J Gen Intern Med 2012;27(9):
1165-1170.

Rhee RL, Von Feldt JM, Schumacher HR, et al. Readability and suit-
ability assessment of patient education materials in rheumatic dis-
eases. Arthritis Care Res (Hoboken) 2013;65(10):1702-1706.

Wasir AS, Volgman AS, Jolly M. Assessing readability and compre-
hension of web-based patient education materials by American Heart
Association (AHA) and CardioSmart online platform by American Col-
lege of Cardiology (ACC): how useful are these websites for patient
understanding? Am Heart J Plus 2023;32:100308.

Kenner MM, Taylor ML, Dunn PC, et al. Primary care providers need a
variety of nutrition and wellness patient education materials. J Am Diet
Assoc 1999;99(4):462-466.

America’s Health Literacy: Why We Need Accessible Health Informa-
tion. US Department of Health and Human Services. 2008. Accessed
January 10, 2024. https://www.ahrg.gov/sites/default/files/wysiwyg/
health-literacy/dhhs-2008-issue-brief.pdf

Weiss BD. Health Literacy: A Manual For Clinicians. American Medical
Association; 2003. Accessed January 10, 2024. http://lib.ncfh.org/
pdfs/6617.pdf

Clear Communication: Clear and Simple National Library of Medicine
Website. Accessed December 26, 2024. https://www.nih.gov/
institutes-nih/nih-office-director/office-communications-public-liaison/
clear-communication/clear-simple.

Centers for Disease Control and Prevention. Simply put: A guide for
creating easy-to-understand materials. Centers for Disease Control
and Prevention website. Accessed January 10, 2024. https://stacks.
cdc.gov/view/cdc/11938.

Han A, Carayannopoulos AG. Readability of patient education materi-
als in physical medicine and rehabilitation (PM&R): a comparative
cross-sectional study. PM R 2020;12(4):368-373.

Nattam A, Vithala T, Wu TG, et al. Assessing the readability of online
patient education materials in obstetrics and gynecology using

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

traditional measures: comparative analysis and limitations. J Med
Internet Res 2023;25:€46346.

Wang LW, Miller MJ, Schmitt MR, et al. Assessing readability formula
differences with written health information materials: application,
results, and recommendations. Res Social Adm Pharm 2013;9(5):
503-516.

. Carter B, Nayak K, Vembenil I. The accuracy of readability formulas in

health content: a systematic review. J Healthc Commun 2024;9(1):
9002.

Berkman ND, Sheridan SL, Donahue KE, et al. Low health literacy and
health outcomes: an updated systematic review. Ann Intern Med
2011;155(2):97-107.

Bennett IM, Chen J, Soroui JS, et al. The contribution of health literacy
to disparities in self-rated health status and preventive health behav-
iors in older adults. Ann Fam Med 2009;7(3):204-211.

Fleary SA, Ettienne R. Social disparities in health literacy in the
United States. Health Lit Res Pract 2019;3(1):e47-e52.

Coughlin SS, Vernon M, Hatzigeorgiou C, et al. Health literacy, social
determinants of health, and disease prevention and control.
J Environ Health Sci 2020;6(1):3061.

Sheridan SL, Halpern DJ, Viera AJ, et al. Interventions for individuals
with low health literacy: a systematic review. J Health Commun
2011;16 suppl 3:30-54.

Dore A, Dye J, Hourani L, et al. Incorporating the health literacy univer-
sal precautions toolkit quick start in academic rheumatology prac-
tices: Carolina Fellows Collaborative. 2013 American College of
Rheumatology/Association of Rheumatology Health Professionals
Annual Meeting; October 25-30, 2013; San Diego, CA.

Hirsh J, Wood P, Keniston A, et al. Universal health literacy precau-
tions are associated with a significant increase in medication adher-
ence in vulnerable rheumatology patients. ACR Open Rheumatol
2020;2(2):110-118.

Rooney MK, Santiago G, Perni S, et al. Readability of patient educa-
tion materials from high-impact medical journals: a 20-year analysis.
J Patient Exp 2021;8:2374373521998847.

Oliffe M, Thompson E, Johnston J, et al. Assessing the readability and
patient comprehension of rheumatology medicine information sheets:
a cross-sectional Health Literacy Study. BMJ Open 2019;9(2):
e024582.

. Shoemaker SJ, Wolf MS, Brach C. Development of the Patient Edu-

cation Materials Assessment Tool (PEMAT): a new measure of under-
standability and actionability for print and audiovisual patient
information. Patient Educ Couns 2014;96(3):395-403.

Whittington R. Top tips for creating patient education material. Rx
Communications. 2012. Accessed May 14, 2024. https://www.
rxcomms.com/blog/effective-patient-education-materials


https://www.cdc.gov/nchs/fastats/arthritis.htm
https://www.cdc.gov/nchs/fastats/arthritis.htm
https://www.cdc.gov/cdi/indicator-definitions/arthritis.html
https://www.cdc.gov/cdi/indicator-definitions/arthritis.html
https://www.ahrq.gov/sites/default/files/wysiwyg/health-literacy/dhhs-2008-issue-brief.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/health-literacy/dhhs-2008-issue-brief.pdf
http://lib.ncfh.org/pdfs/6617.pdf
http://lib.ncfh.org/pdfs/6617.pdf
https://www.nih.gov/institutes-nih/nih-office-director/office-communications-public-liaison/clear-communication/clear-simple
https://www.nih.gov/institutes-nih/nih-office-director/office-communications-public-liaison/clear-communication/clear-simple
https://www.nih.gov/institutes-nih/nih-office-director/office-communications-public-liaison/clear-communication/clear-simple
https://stacks.cdc.gov/view/cdc/11938
https://stacks.cdc.gov/view/cdc/11938
https://www.rxcomms.com/blog/effective-patient-education-materials
https://www.rxcomms.com/blog/effective-patient-education-materials

Arthritis Care & Research
Vol. 77, No. 5, May 2025, pp 685-687
© 2024 American College of Rheumatology

LETTER

DOI 10.1002/acr.25474

Integrating patient advocacy groups in the
development of clinical practice guidelines: comment
on the article by Johnson et al

To the Editor:

The Sjégren’s Foundation applauds the American College of
Rheumatology (ACR) and the American College of Chest Physi-
cians (CHEST) for their multispecialty collaboration in developing
clinical practice guidelines (CPGs) for autoimmune disease-related
interstitial lung diseases.” We would like to note that the Sjiégren’s
Foundation pulmonary guidelines® expand on one of the autoim-
mune diseases included in this publication, Sjdgren disease. Our
guidelines, which complement the ACR/CHEST guidelines,
involved multispecialty collaboration across pulmonology,
rheumatology, and oncology as well as patient input at every
stage.

CPGs play a vital role in standardizing care by ensuring a uni-
fied set of minimum criteria for patient management and highlight
needed research. Such guidelines also aid in securing appropri-
ate diagnostic and treatment modalities from insurance providers,
making them a critical element in improving patient outcomes. As
widely referenced and used tools by clinicians, CPGs have the
potential for significant impact on patient health. Given their
importance, it is essential to provide the most comprehensive
expert guidance possible to inform day-to-day clinical decision-
making. Exploring alternative methodologies that maintain high
standards while reducing the burden on contributors could accel-
erate the development and release of new CPGs.®*

Patient advocacy organizations (PAGs) serve as trusted
sources of information within their respective communities and
often have content experts on their leadership teams. We com-
mend professional societies, such as ACR and CHEST, for lead-
ing efforts to create CPGs. However, it is unlikely that these
societies alone will be able to address every management
dilemma across all conditions. By partnering with PAGs, gaps in
CPG development can be filed more efficiently, ensuring both
timely creation and regular updates as new evidence emerges.
Disease-specific organizations bring added value that further
patient and provider disease-centric expertise. The involvement
of PAGs in the CPG development process, or at least endorse-
ment of the CPGs by the respective PAGs, might also help
increase clinical uptake of the guidelines. We support increased
PAG consideration of incorporating the creation and updating of
CPGs into their organizations’ missions and call on professional
societies to actively engage PAGs throughout the CPG develop-
ment process.
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Reply

To the Editor:

We thank the authors for their important letter to the editor
in response to the publication of the American College of
Rheumatology (ACR)/American College of Chest Physicians
(CHEST) guidelines for the screening,’* monitoring,™? and
treatment®* of interstitial lung disease (ILD) in people with sys-
temic autoimmune rheumatic diseases. The ACR agrees with
the authors’ stated request and applauds all guideline devel-
opers’ efforts to include as many interested parties in guideline
development as possible, to better reflect and address broad
perspectives.

The ACR places a high priority on developing methodologi-
cally rigorous, evidence-based clinical practice guidelines that
take into consideration multiple viewpoints and varied expertise
and experiences, including those of patients, in a systematic
and transparent manner.® From the outset of ACR guideline
development, the inclusion of people with the diseases that
are the topic of the guideline (and parents or caregivers, if the
guideline topic is pediatric) is prioritized. Patients (including
parents or caregivers, if a pediatric guideline) comprise each
ACR guideline’s patient panel, which discusses patient values
and preferences related to outcomes, evidence, and drafted
recommendation statements.®~’ Some of these patient panel-
ists also sit on the voting panel to represent the views of the
patient panel in voting discussions and decisions, which take
into consideration tradeoffs between the benefits and harms
of alternative management strategies.® Patients may self-
nominate, be identified from the clinics of physicians not serv-
ing on the guideline development team (to help ensure patients
feel open to speak freely by avoiding conflicts of interest with
those serving on the guideline development team), or be iden-
tified through patient advocacy groups. Indeed, the ACR has
collaborated with patient advocacy groups for several guide-
lines across a range of rheumatic diseases.®'° The input of
patients is particularly important in the setting of guidelines

informed by low certainty evidence, as these recommenda-
tions are particularly sensitive to patients’ values and prefer-
ences. In the ACR/CHEST ILD guidelines, patients expressed
the desire to undergo screening and monitoring for the early
detection of ILD and highlighted the importance of good com-
munication, particularly related to adverse effects of medica-
tions and goals of therapy.”

The ILD guideline project was supported by the American
College of Rheumatology.

Author disclosures are available at https://onlinelibrary.wiley.com/doi/
10.1002/acr.25475.

Sindhu R. Johnson, MD, PhD
Sindhu.Johnson@uhn.ca
University of Toronto

and Toronto Western Hospital

and Mount Sinai Hospital

Toronto, Ontario, Canada
Amy Turner
American College of Rheumatology
Atlanta, Georgia
ElanaJ. Bernstein, MD, MSc
Columbia University Irving Medical Center
New York, New York

1. Johnson SR, Bernstein EJ, Bolster MB, et al. 2023 American
College of Rheumatology (ACR)/American College of Chest
Physicians (CHEST) guideline for the screening and monitoring
of interstitial lung disease in people with systemic autoimmune
rheumatic diseases. Arthritis Care Res (Hoboken) 2024;76(8):
1070-1082.

2. Johnson SR, Bernstein EJ, Bolster MB, et al. 2023 American College
of Rheumatology (ACR)/American College of Chest Physicians
(CHEST) guideline for the screening and monitoring of interstitial lung
disease in people with systemic autoimmune rheumatic diseases.
Arthritis Rheumatol 2024;76(8):1201-1213.

3. Johnson SR, Bernstein EJ, Bolster MB, et al. 2023 American College
of Rheumatology (ACR)/American College of Chest Physicians
(CHEST) guideline for the treatment of interstitial lung disease in
people with systemic autoimmune rheumatic diseases. Arthritis Care
Res (Hoboken) 2024;76(8):1051-1069.

4. Johnson SR, Bernstein EJ, Bolster MB, et al. 2023 American College
of Rheumatology (ACR)/American College of Chest Physicians
(CHEST) guideline for the treatment of interstitial lung disease in
people with systemic autoimmune rheumatic diseases. Arthritis
Rheumatol 2024;76(8):1182—1200.

5. Johnson SR, Tumer AS, Goodman SM. How the American College of
Rheumatology develops guidelines. Rheum Dis Clin North Am 2022;
48(3):579-588.

6. Fraenkel L, Miller AS, Clayton K, et al. When patients write the
guidelines: patient panel recommendations for the treatment
of rheumatoid arthritis. Arthritis Care Res (Hoboken) 2016;68(1):
26-35.

7. Goodman SM, Miller AS, Turgunbaev M, et al. Clinical practice guide-
lines: incorporating input from a patient panel. Arthritis Care Res
(Hoboken) 2017;69(8):1125-1130.

8. Singh JA, Guyatt G, Ogdie A, et al. Special Article: 2018 American
College of Rheumatology/National Psoriasis Foundation guideline for
the treatment of psoriatic arthritis. Arthritis Care Res (Hoboken)
2019;71(1):2-29.


https://onlinelibrary.wiley.com/doi/10.1002/acr.25475
https://onlinelibrary.wiley.com/doi/10.1002/acr.25475
https://orcid.org/0000-0003-0591-2976
mailto:Sindhu.Johnson@uhn.ca
https://orcid.org/0000-0001-7695-2022

LETTER

687

9. Ward MM, Deodhar A, Gensler LS, et al. 2019 Update of the American
College of Rheumatology/Spondylitis Association of America/
Spondyloarthritis Research and Treatment Network recommendations
for the treatment of ankylosing spondylitis and nonradiographic axial
spondyloarthritis. Arthritis Care Res (Hoboken) 2019;71(10):1285-1299.

10. Beukelman T, Patkar NM, Saag KG, et al. 2011 American College of
Rheumatology recommendations for the treatment of juvenile

11.

idiopathic arthritis: initiation and safety monitoring of therapeutic
agents for the treatment of arthritis and systemic features. Arthritis
Care Res (Hoboken) 2011;63(4):465-482.

Mirza RD, Bolster MB, Johnson SR, et al. Assessing patient values and
preferences to inform the 2023 American College of Rheumatology/
American College of Chest Physicians interstitial lung disease guide-
lines. Arthritis Care Res (Hoboken) 2024;76(8):1083-1089.



	A91hlpos6_1bwlp56_1z7k.tmp
	Advancing Rheumatologic Care in Older Adults: Highlights From the 2024 American Geriatrics Society Annual Scientific Meeting
	Approach
	Clinical highlights: practical strategies incorporating a biopsychosocial approach to assessing and managing what matters m...
	Fall assessment and prevention
	Life‐space mobility
	Social isolation

	Educational highlights: fostering the next generation of clinician scientists
	Research highlights: building toward an age‐inclusive evidence‐based care model
	A case study on implementing geriatric principles to surgical practice: The Geriatric Surgery Verification Program
	Conclusions
	AUTHOR CONTRIBUTIONS
	REFERENCES


	A9kk75d1_1bwlp59_1z7k.tmp
	A 26‐Year‐Old Man With Systemic Lupus Erythematosus, Disseminated Tuberculosis, and Progressive Right Hemiparesis
	CASE PRESENTATION
	History of the present illness
	Past medical history
	Social and family history
	Physical examination
	Laboratory evaluation

	DIFFERENTIAL DIAGNOSIS
	CNS infections
	Autoimmune and vascular etiologies
	Demyelinating disorders
	CNS neoplasia
	Histopathology

	THE PATIENT'S COURSE
	DISCUSSION
	FINAL DIAGNOSIS
	AUTHOR CONTRIBUTIONS
	REFERENCES


	A9vqxy2q_1bwlp5c_1z7k.tmp
	25 Years of Biologics for the Treatment of Pediatric Rheumatic Disease: Advances in Prognosis and Ongoing Challenges
	Introduction
	Tumor necrosis factor inhibitors are currently considered first line bDMARDS for polyarticular course of JIA
	Other bDMARD classes approved for pcJIA
	bDMARDs for sJIA
	bDMARDs for juvenile psoriatic arthritis
	bDMARDs for ERA

	tsDMARDs for JIA
	bDMARDs for cSLE
	bDMARDs in other PRDs: monogenic autoinflammatory diseases
	bDMARDs in other PRDs
	Improvement of disease outcomes with JIA since introduction of bDMARDs
	Regulations relevant for the approval of drugs for children with PRDs
	The case of extrapolation and global alignment of regulatory agencies

	Impact of regulation on PRD medication approvals
	Conclusions
	AUTHOR CONTRIBUTIONS
	REFERENCES


	A91ndvwfv_1bwlp5f_1z7k.tmp
	Pharmacokinetics, Efficacy, and Safety of Upadacitinib in Pediatric Patients With Polyarticular‐Course Juvenile Idiopathic ...
	INTRODUCTION
	PATIENTS AND METHODS
	Study design
	Patients
	Study medication: dosing and formulation of upadacitinib
	Pharmacokinetic assessments
	Efficacy assessments
	Safety assessments
	Statistical analyses

	RESULTS
	Patients and disposition
	Pharmacokinetics
	Efficacy
	Safety

	DISCUSSION
	ACKNOWLEDGMENT
	AUTHOR CONTRIBUTIONS
	ROLE OF THE STUDY SPONSOR
	REFERENCES


	A91pp2g5y_1bwlp5i_1z7k.tmp
	Relationship Between Number of Different Lower‐Limb Resistance Exercises Prescribed in a Program and Exercise Outcomes in P...
	INTRODUCTION
	METHODS
	Literature search
	Eligibility criteria
	Study selection
	Quality assessment
	Data collection
	Data analysis

	RESULTS
	Study selection
	Study characteristics
	Risk of bias
	Relationship between number of different prescribed resistance exercises and pain
	Relationship between number of different prescribed resistance exercises and self‐reported function

	DISCUSSION
	ACKNOWLEDGMENT
	AUTHOR CONTRIBUTIONS
	REFERENCES


	A91qrcosg_1bwlp5l_1z7k.tmp
	Incidence of and Risk of Mortality After Hip Fractures in Rheumatoid Arthritis Relative to the General Population
	INTRODUCTION
	METHODS
	Study design and sample
	Incident RA cohort
	Matched general population controls

	Data sources
	Mortality outcomes

	Covariates
	Statistical analysis

	RESULTS
	Fracture characteristics and surgical management
	Risk of hip fracture
	Risk of mortality post hip fracture

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	REFERENCES


	A91uvdoqz_1bwlp5o_1z7k.tmp
	Association of Changes in Hand Pain With BMI, Employment, and Mental Well‐Being Over Four Years in Patients With Hand Osteo...
	INTRODUCTION
	PATIENTS AND METHODS
	Study design
	Outcome
	Covariates
	Statistical analysis

	RESULTS
	Patient characteristics
	Annual change in AUSCAN pain between visits
	Associations with a deterioration or an improvement in pain
	Associations with good clinical outcome

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	REFERENCES


	A91hpl3n6_1bwlp5r_1z7k.tmp
	National Institute of Health and Care Excellence Clinical Criteria for the Diagnosis of Knee Osteoarthritis: A Prospective ...
	INTRODUCTION
	PATIENTS AND METHODS
	Study design and participants
	Index test: NICE criteria for knee OA
	Reference standard: rheumatologist clinical diagnosis of knee OA
	Sample size
	Statistical analysis

	RESULTS
	Participants
	Accuracy of the NICE criteria and modified NICE criteria
	Performance of NICE and modified NICE criteria
	Characteristics of false positives and negatives
	Characteristics of ``possible OA´´ and validation of rheumatologist assessment

	DISCUSSION
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	REFERENCES


	A91p9uvcz_1bwlp5u_1z7k.tmp
	Risk of Incident Heart Failure and Heart Failure Subtypes in Patients With Rheumatoid Arthritis
	INTRODUCTION
	METHODS
	Study design and data source
	Patient population
	Incident HF and identification of HF subtypes
	Covariates
	Statistical analysis

	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS

	REFERENCES


	A91tk8kuj_1bwlp5x_1z7k.tmp
	Immunosuppressive Drugs in Early Systemic Sclerosis and Prevention of Damage Accrual
	INTRODUCTION
	PATIENTS AND METHODS
	Study populations
	Exposure
	SCTC‐DI
	Definition of variables
	Statistical analysis

	RESULTS
	Cohort with lcSSc
	Cohort with dcSSc

	DISCUSSION
	ACKNOWLEDGMENT
	AUTHOR CONTRIBUTIONS
	REFERENCES
	APPENDIX A AUSTRALIAN SCLERODERMA INTEREST GROUP
	APPENDIX B CANADIAN SCLERODERMA RESEARCH GROUP


	A91d2cb5i_1bwlp60_1z7k.tmp
	Oral Glucocorticoids for Skin Fibrosis in Early Diffuse Systemic Sclerosis: A Target Trial Emulation Study From the Europea...
	INTRODUCTION
	METHODS
	Ethics and regulations
	Specification of the target trial
	EUSTAR database
	Eligibility criteria
	Interventions
	Primary and secondary outcomes
	Subgroup analyses
	Statistical analyses

	RESULTS
	Study population
	Primary outcome analyses
	Secondary outcome analyses

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	Study conception and design
	Acquisition of data
	Analysis and interpretation of data

	REFERENCES
	APPENDIX A EUSTAR COLLABORATORS


	A91mhd4cf_1bwlp63_1z7k.tmp
	Musculoskeletal Ultrasound Practices of Graduates of a Blended‐Learning Program: A Survey of Rheumatologists From the Unite...
	INTRODUCTION
	MATERIALS AND METHODS
	Statistical analyses

	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	REFERENCES


	A91pfysvp_1bwlp66_1z7k.tmp
	Incidence of Side Effects Associated With Acetaminophen in People Aged 65 Years or More: A Prospective Cohort Study Using D...
	INTRODUCTION
	PATIENTS AND METHODS
	Study design
	Participants
	Exposure
	Comparators
	Outcomes
	Covariates
	Statistical analysis

	RESULTS
	Cohort description
	Incidence of GI, CV, and renal events
	Dose response
	Subgroup analysis

	DISCUSSION
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	Study conception and design
	Acquisition of data
	Analysis and interpretation of data

	REFERENCES


	A9ewv93b_1bwlp69_1z7k.tmp
	Not So Patient Friendly: Patient Education Materials in Rheumatology and Internal Medicine Fall Short of Nationally Recomme...
	INTRODUCTION
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	REFERENCES





