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REVIEW ARTICLE

Environmental Risk Factors for Systemic Lupus
Erythematosus Through the Lens of Social
Determinants of Health

Youngmin Kim," ©* Jacob J. E. Koopman,' 2/ May Choi,? *’ Candace H. Feldman,’

and Karen H. Costenbader’

Systemic lupus erythematosus (SLE) is a serious multisystem autoimmune disease, marked by alarming socio-
demographic inequities. In the United States and around the world, social disadvantage is strongly tied to higher prev-
alence, more severe disease, and poorer outcomes. A growing list of environmental exposures that contribute to the
risk and incidence of SLE have been investigated, and many are now established. However, these environmental
exposures —including exposure to air pollution and other contaminants, lifestyle and behavioral factors, and psycho-
logic stress and distress—are not evenly distributed in any population. Individuals of lower socioeconomic status
and historically minoritized groups suffer from an imbalanced burden of adverse environmental exposures. In research,
clinical practice, and policy making, the strong association of social determinants of health (SDoH) with these expo-
sures has not been given adequate spotlight. In this narrative review, we examine known associations between envi-
ronmental exposures and SLE risk through the lens of SDoH, laying the foundation for future research and policies to
target the environmental risk factors for SLE with awareness of the populations disproportionately affected and the

contributing SDoH.

Introduction

Systemic lupus erythematosus (SLE) is a complex chronic
autoimmune rheumatic disease with highly heterogeneous mani-
festations that is challenging to predict, diagnose, and treat.
Among the rheumatic diseases, SLE is also noted to have the
most striking inequities; lower socioeconomic and historically
marginalized racial and ethnic groups have a higher prevalence
of and more severe disease, as well as worse outcomes, particu-
larly in the United States." Similar to many chronic diseases, SLE
develops over time, stemming from underlying genetic suscepti-
bility interacting with environmental exposures over the life
course.? Not only are genetic components contributing to the
development of SLE increasingly well documented, as more than
150 of such genes have now been identified, but the social and
environmental exposures associated with the risk of SLE are
increasingly well established, as well.

Several recent reviews have discussed research findings
concerning environmental, lifestyle, and behavioral factors

Supported by the NIH (grant K24-AR-066109).
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associated with the risk of developing SLE.>™* Here, we examine
some of the more established environmental exposures associ-
ated with SLE risk through the lens of social determinants of
health (SDoH) (Figure 1). For the purpose of this review, we refer
to the nongenetic, thus extrinsic, factors as environmental factors
or exposures related to SLE. Emerging evidence points not only
to how these exposures are strongly associated with future risk
of developing SLE, but also to how they are strongly influenced
by socioeconomic status (SES) and historic privilege and SDoH.
As such, we also consider which of these environmental expo-
sures might be potentially modifiable or reversible and how we
might begin to approach the daunting task of decreasing these
exposures among the most highly exposed and affected. For
each selected SLE-related risk factor, we first discuss the evi-
dence relating it to the risk of developing SLE, and then assess
the evidence pertaining to how, upstream, this exposure is
socially determined.

Social and environmental exposures are recognized by pol-
icymakers across the world to contribute to inequities in health
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Social Determinants of Health
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Figure 1. Social determinants of health determine exposure to
many environmental factors, which, in turn, affect risk of systemic
lupus erythematosus (SLE).

and quality of life. The US Department of Health and Human Ser-
vices (HHS) has adopted the Healthy People 2030 initiative,
encompassing objectives to promote health and well-being and
to prevent disease, with proposed interventions and efforts that
span physical, mental, and social health dimensions.® In particu-
lar, the HHS introduced five categories of SDoH: economic stabil-
ity, education access and quality, health care access and quality,
neighborhood and built environment, and social and community
context to be specifically addressed and improved.® Furthermore,
the Centers for Disease Control and Prevention National Center
for Chronic Disease Prevention and Health Promotion also shed
light on SDoH that may result in poor health, such as poverty,
unsafe or unhealthy environments, poor housing, food insecurity,
and lack of access to quality education.® Here, we consider the
following well-studied risk factors for developing SLE and how
they are themselves socially determined: exposure to air pollution,
toxic compounds and chemicals, and the effects of climate
change; lifestyle and behavioral factors, such as smoking, diet,
and alcohol intake; and psychologic stress and distress.

Air pollution, climate change, and chemical and
airborne exposures related to SLE risk and how
they are influenced by SDoH

Air pollution and climate change. Several international
studies have investigated associations between exposure to air
pollution and risk of incident SLE. A population-based case-control
study using the Taiwanese National Health Insurance Research

Database reported modest potential effects of estimated long-term
residential exposure averaged per year to carbon monoxide (CO),
nitrogen dioxide (NO.), and sulfur dioxide (SO.) on SLE develop-
ment.” Another Taiwanese study also implicated long-term expo-
sure to NO,, carbon dioxide (CO,), and particular matter of 2.5
microns in diameter (PM..s) in increasing the risk of SLE.8 A study
from Chile® reported clearly elevated relative risk estimates per
interquartile range—increase in single pollutant exposure: 1.3 for
SO,, 1.6 for CO, and 1.4 for PM, 5. A recent study of air pollution
exposure and risk of SLE among those with and without SLE
genetic susceptibility using the UK Biobank reported that partici-
pants with both high SLE genetic risk and high air pollution expo-
sure had the highest risk of SLE (vs those with low genetic risk
and low air pollution exposure): adjusted hazard ratios (HRs) were
4.2 for PMy s, 5.3 for PM4q, 5.6 for NO, 5.6, and 4.8 for nitrogen
oxides. Moreover, a significant multiplicative interaction between
genetic risk and NO, exposure was found.'® However, two other
studies have not shown significant associations between exposure
to air pollution and risk of SLE, perhaps because of high collinearity
with other potential risk factors or limitations in the timing of data
collection and assessment of SLE onset.'""12

Air pollution exposure is well known to affect people dispro-
portionately according to several measures of SES. For example,
the distribution of carcinogenic air pollution emissions was recently
studied by US Census tract area-level using 2018 regulatory data
from the US Environmental Protection Agency, and it was reported
that air pollution exposure was 51% higher in populations experi-
encing poverty or with lower educational status, regardless of race
and ethnicity.'® A separate study of PM, s air pollution distribution
across the United States reported that areas with lower mean
household incomes, lower mean educational levels, and higher
proportions of Black/African American residents (the last item likely
due to structural racism and historic redlining) had higher air PMs 5
concentrations.'® These findings were reinforced in a systematic
review in European countries, as well, in which a strong association
between area deprivation or lower income and higher levels of par-
ticulate matter and nitrogenous oxides in the air was seen.’® How-
ever, the relationship between population SES and air pollution
exposure varies according to the industrial and economic state of
regions. For instance, a Chinese study of the China Health and
Retirement Longitudinal Study (CHARLS) data found higher levels
of NO, or PM 5 in areas of high SES, where SES was measured
with indicators of education, income, and occupation.’® The
authors suggested that given China’s recent trend to urbanization
and industrialization, regions of development and prosperity were
prone to increased exposure to air pollution.

Rapid climate change is exacerbating adverse health expo-
sures to air and water pollution, as well as extreme heat events. In
a white paper published in 2024, Dellaripa et al'” examined the
relationship between accelerating climate change and subsequent
effects on rheumatic disease manifestations and risk. Several
examples of worsening air pollution due to climate change were
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provided, including altered wind patterns resulting in a wider influ-
ence of high respirable PM. Variations in temperature or precipita-
tion, as well as wildfires, contribute to amplified ozone and PM
exposure.'” The many adverse effects of climate change are dis-
proportionately impacting those of lower SES in society, who lack
resources to move, rebuild, and otherwise protect themselves.

Crystalline silica. Exposure to respirable crystalline silica
dust is strongly associated with an increased risk of several autoim-
mune diseases, including SLE, rheumatoid arthritis, scleroderma,
and antineutrophil cytoplasmic antibody-associated vasculitis. On
inhalation, silica dust triggers an inflammatory response via activa-
tion of inflammatory cytokines and increased oxidative stress.'®
Exposure to respirable silica dust can result from mining, sand-
blasting, quarrying, glassblowing, ceramics, or construction work;
therefore, occupational factors significantly contribute to differential
exposures to airborne crystalline silica across populations. Several
studies have elucidated the association between silica dust expo-
sure and increased SLE risk. SLE risk, up to 10 times that in the
general population, was seen from rural agricultural exposures,
such as working in the fields in North and South Carolina, as well
as in urban settings, such as the Roxbury Lupus Study, in which
exposures were through construction work, sandblasting, and
specific occupations.?'822 A meta-analysis of four case-control
studies and two cohort studies estimated the summary risk associ-
ated with silica exposure to be 3.5 times higher and approximately
two times higher after excluding patients with silicosis who were
presumed to have inhaled massive quantities of silica (in particular
miners).'®

Inequities in the burden of occupational exposures in the
United States are well documented. This includes the so-called
dusty trades, and lower-paid industrial and manufacturing and
factory floor jobs (vs managerial-level positions) often come with
higher levels of chronic respirable exposures.?> Occupations
involving manual labor carry higher risks of silica inhalation than
do nonmanual work.?* A study of the National Lung Screening
Trial cohort reported that occupational exposure to respirable
substances including silica and asbestos was higher among Afri-
can American/Black workers than White workers.??> Meanwhile,
a study comparing the proportions of workers exposed to crystal-
line silica across countries revealed much higher levels of expo-
sure in South American nations compared to European
countries, suggesting higher rates of air pollution, soil silica, as
well as poor ventilation, or hazardous technology use.?®

Chemical exposures. The Women’s Health Initiative
Observational Study cohort found that personally applying insecti-
cides in residences or workplaces was associated with increased
risk of developing rheumatoid arthritis or SLE (HR 1.6, 95% confi-
dence interval 1.2 to 2.1), with risks depending on the amount of
exposure, without much effect of adjustment for race and ethnicity,
education, occupation, region, smoking, or obesity.2® In a study of

predominantly African American women, an association between
pesticide exposures in urban settings and the risk of SLE was
found (odds ratio 2.2).2” In a study investigating possible ties
between regional contamination and increased prevalence of SLE
in Arizona, elevated levels of 1,1-dicholoro-2,2-bis-ethylene and
organophosphate metabolites were present, along with a higher
prevalence of SLE in residents; yet, a statistically significant associ-
ation was not found.?® Pesticide exposure is correlated with
occupation, and agricultural workers and their families often
have high levels of exposure.?® Pesticide exposures also dispro-
portionately affect historically marginalized populations in the
United States.2®" Usage of both prohibited and nonprohibited
pesticides were reported to be higher in low-income housing than
in higher-income housing, as well.>?

Several heavy metals have also been implicated as poten-
tially related to SLE development. A cross-sectional study
reported potentially higher prevalence of rheumatic diseases
including SLE, as well as other neurologic, respiratory, and car-
diovascular diseases, in populations with greater exposure to
mercury.®® In particular, mercury exposure has been associated
with elevated antinuclear antibodies (ANAs) in the blood in past
studies.?®* Residential proximity to uranium plants and con-
sumption of water contaminated with uranium have been associ-
ated with SLE risk, hinting yet another heavy metal that may
trigger SLE development.®®*® Exposure to either metal sub-
stance is highly linked with an individual’s residential and occupa-
tional status. A study on the soil in the Southeastern United States
indicated elevated levels of heavy metal contamination in low-
income or minority-populated areas, again likely due to historic
redlining and environmental racism.®’

Per- and polyfluoroalkyl substances (PFAS), chemical sub-
stances widely used in a variety of commercial and industrial
products, have increasingly been given attention because of their
ubiquity and long half-life. PFAS uptake via contaminated food
and water have been associated with adverse health effects, with
changes in systemic inflammation and immune function sug-
gested as possible mechanisms.®® A case-control study in
China observed a relationship between serum PFAS concentra-
tions and SLE risk; study participants with higher concentrations
for five different PFAS consistently demonstrated higher odds
ratios for SLE.*® Meanwhile, in a study on Gullah African Ameri-
cans in South Carolina, PFAS levels were associated with higher
Social Vulnerability Index among those with or without SLE, and
there was differential exposure to PFAS by social status.*® The
relative paucity of evidence regarding PFAS in relation to SLE risk
points to a need for further studies in this area.

Lifestyle and behavioral factors related to SLE and
how they are socially determined

Cigarette smoking. Several past studies have reported
positive associations between cigarette smoking and increased
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risk of developing SLE, especially in the short term, and for the risk
of anti-double-stranded DNA (anti-dsDNA)-seropositive SLE. A
study of women enrolled in the Black Women’s Health Study
(BWHS) cohort revealed a higher risk of SLE in current smokers
than never smokers,*' and an association between anti-dsDNA-
positive SLE and current smoking was found in the Nurses’
Health Study (NHS) cohorts.*? Although a study from the NHS
cohorts exhibited no association between exposure via maternal
or paternal smoking and SLE risk among women as adults, a
case-control study in Brazil reported a higher risk of childhood-
onset SLE with fetal smoking and exposure to passive smoking
during pregnancy, and a case-control study in Egypt demon-
strated a significant association between passive smoking and
SLE risk.***° A meta-analysis of 10 case-control studies
and 2 cohort studies found that current smoking associated with
a 1.5-fold higher risk than never smoking, confirming similar previ-
ous meta-analysis results.*®

Cigarette smoking is strongly socially determined and asso-
ciated with several measures of SES around the world. In a
cross-sectional study of 353,555 participants from 2011 to
2022 in the National Health Interview Surveys, 22% and 27%
smoking prevalence were observed in study participants aged
25 to 39 years and 40 to 64 years, respectively, with education
levels of less than high school, whereas this was 4% and 5%,
respectively, for the same age groups among study participants
with a college education.*” Additionally, although smoking preva-
lence has been decreasing in the United States over those years,
it remained highest among those who were living at <200% of the
Federal Poverty Limit income for all age groups (Figure 2).

Similar relationships between SES and cigarette smoking
have been observed in other countries. In the CHARLS study in
China, lower educational status was also associated with
increased prevalence of smoking.*® A study on the International
Tobacco Control Project Four Country Survey, a longitudinal
cohort survey of Australian, Canadian, UK, and US smokers,
demonstrated that smokers with lower educational levels or lower
income possessed more smoking friends and were more likely to
gain more smoking companions.*® It should also be noted that
the prevalence of cigarette smoking has declined in most parts
of the world in the past few decades.®°

Alcohol intake. Several studies have reported that alcohol
intake—even at low-moderate levels, such as one half of a drink
per day on average, compared to no intake—is associated with
a lower risk of SLE.*"*®! These findings have been attributed to
potential anti-inflammatory effects of moderate alcohol intake.
The two largest cohort studies, conducted in the NHS and the
BWHS, found similarly decreased risks of SLE among those con-
suming alcohol in moderation (NHS: HR 0.6, 95% confidence
interval 0.4-0.9; BWHS: HR 0.7, 95% confidence interval
0.5-1.1); women who consumed alcohol also had higher incomes
and educational levels in both cohorts than the nondrinkers, and

the associations held after adjustment for race, ethnicity, income,
and education.*'®? The associations were strongest for the con-
sumption of wine, but not beer or liquor. A meta-analysis of seven
case-control studies and three cohort studies reported a
decreased risk of SLE with moderate (one to five drinks per week)
alcohol consumption as compared with no consumption.®’

Alcohol intake is socially determined, and downstream of
SDoH, but a complex relationship between alcohol intake and
SES in American society has been observed in several studies.®®
Although higher and more frequent alcohol consumption has
been found among those of higher SES, as measured by income
and educational level, those of lower SES have been found to
have higher risks of alcohol-dependency disorders, possibly due
to the adverse effects of these disorders on social function and
income.®* According to a study employing data from Gender,
Alcohol, and Culture: an International Study, higher educational
levels were associated with increased overall drinking, yet lower
education levels were associated with risky single-occasion drink-
ing.®® These relationships may not be similar worldwide, as a sys-
tematic review on alcohol consumption in countries of low and
lower-middle income reported that the overall prevalence of alco-
hol abuse was higher in low SES populations in Southeast Asian
regions, in which SES was assessed by a variety of measures,
including income and education.®®

Dietary intake. Given the strong potential for recall bias in
retrospective studies of diet, it has only been possible to study
dietary intake and the risk of later developing SLE in large cohorts
of people observed for many years before the onset of disease.
Several dietary patterns and indices, including the Alternative
Healthy Eating Index, the Mediterranean diet, and the Dietary
intervention to Stop Hypertension diet, were examined in relation
to SLE risk in the NHS, without strong findings.®”*® Studies in
the NHS cohorts did not find significant associations between
intake of neither vitamin D in the diet nor through supplements,
either in childhood or adulthood, and later risk of developing
SLE.59€% However, more recently, high intake of ultraprocessed
food (UPF), which includes ready-to-eat and ready-to-heat pro-
cessed meals, much of which is devoid of nutritional value, in par-
ticular sugar-sweetened/artificially sweetened beverages, was
associated with increased SLE risk (56% higher risk among those
in the highest vs lowest tertile of intake), after adjustment for
income, smoking, obesity, and alcohol intake.®! Furthermore, in
the BWHS, intakes of certain fats, including monounsaturated
fatty acids, saturated fats, and trans fatty acids, were associated
with significantly lower risks of developing SLE, whereas a dietary
pattern characterized by high carbohydrates, fruit, and
sugar-sweetened drink intake was associated with an 88%
increased SLE risk.®?

Dietary intake (UPF intake in particular), downstream of the
SDoH economic instability and food insecurity, is also strongly
socially patterned in the US data from the National Health
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Figure 2. US annual smoking prevalence from 2011 to 2022 by age and family income. Data are from the National Health Interview Surveys.
Shading denotes the 95% confidence interval. FPL, Federal Poverty Level.*” Color figure can be viewed in the online issue, which is available at

http://onlinelibrary.wiley.com/doi/10.1002/acr.25497/abstract.

Assessment Examination Survey (NHANES) show that UPF con-
sumption increased in the entire US population®® between 2001
and 2018. UPF intake is now, alarmingly, more than 50% of US
adult daily caloric intake, with a strong gradient such that those
of lower educational levels and lower incomes have the highest
intake, representing >60% of daily calories for many (Figure 3).
This is likely due to the industrial mass production of UPF that
has a long shelf-life, making it an economical and overly available
dietary option in the United States, a problem that is spreading
worldwide.®* However, there is still variation in the relationship
between SES and UPF intake across countries, as discussed
in a recent review.®® Although lower education level was associ-
ated with higher UPF intake in Australia, Canada, and the
United States, higher income was associated with higher UPF
consumption in Chile and Brazil.®® Higher SES, defined by occu-
pation, social class, and deprivation indices, was associated with

higher UPF consumption in Colombia and Mexico, where the
contrary was observed in Australia and the United Kingdom.®®
As the spread of industrially produced UPF throughout the world
is now a global problem, these relationships may evolve as poorer
nations with fresh food shortages are being shipped UPF of low
nutritional value.

Obesity. The relationship between obesity, another socially
determined factor, and the risk of developing SLE is not well
established, although there have been signals of a positive asso-
ciation in past cohort studies. Among 116,430 women observed
in the younger of the two NHS cohorts, Nurses’ Health Study |l
(NHSII) (aged 25-35 years at enrollment), obesity was significantly
associated with an 80% higher risk of SLE, whereas no strong
association between body mass index over time and SLE risk
was observed in the NHS cohort of older women (aged 35-50
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Figure 3. Consumption trends of different food groups stratified by (A) education and (B) income level. Consumption was defined as percentage of total
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UPF, ultraprocessed foods. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25497/abstract.

years at enrollment).66 Although no relationship between adult
obesity and SLE risk was seen in the BWHS cohort, obesity at
age 18 (vs normal body mass index at that age) was strongly
associated with more than doubled risk of future SLE.®”

Obesity is strongly inversely correlated with SES in the
United States and higher-income countries and related to multiple
SDoH, such as economic instability, neighborhood walkability
and safety, access to education and health care, and the social
and community context. For example, a systematic review
and meta-analysis of 14 studies between 1990 and 2015

demonstrated an association between low SES through life
course and obesity especially for women, in which included stud-
ied incorporated various measures of SES, such as income,
occupational status (manual vs nonmanual), educational level,
and housing type.?® Using data from 11 Organization for
Economic Cooperation and Development nations, it was reported
that in France and Sweden, obesity was 3.2 and 2.8 times more
prevalent in male populations of low than high educational level,
respectively, and among both Spanish and Korean women, even
larger differences were shown (18 and 17 times, respectively).t®
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The same is not necessarily true in low- and middle-income coun-
tries, in which positive correlations between increasing SES mea-
sures, including social class, income, and education, and
increasing risks of obesity, have been observed.”®

Psychologic stress and distress as mediators
of SDoH

The experience of psychologic stress is a response to per-
ceived challenges, which triggers a series of physiologic and psy-
chologic reactions that can negatively impact the immune
system.”" In the context of SLE, both depression and posttrau-
matic stress disorder (PTSD)—both forms of psychologic
responses to emotional or physical stressors —have been associ-
ated with an increased risk of developing SLE. In a study on the
NHSII cohort, exposures to past traumatic events and PTSD
symptoms were both associated with higher SLE risk.”? A sepa-
rate study in this cohort reported an almost threefold higher risk
of SLE among the women who self-reported the highest level of
previous child abuse, compared to those who reported none, in
adjusted models.”® Furthermore, in a study in the BWHS cohort,
childhood abuse, both physical and sexual, was strongly associ-
ated with an increase in SLE incidence.” In a large case-control
study of US Medicaid recipients, the odds ratio for developing
SLE among patients with PTSD was still double, after adjustment
for race and ethnicity, area-level income, region, smoking, and
obesity. When stratified by area-level income, the odds ratios
were 1.5 for those in the lower income areas and 2.2 for those liv-
ing in higher-income areas.”® The Women’s Health Initiative
Observational Study cohort also reported having three or more
stressful life events in the past year was associated with a 70%
increased risk for the development of rheumatoid arthritis or SLE
in the subsequent three years.”® Similar results were found in
other countries, such as Taiwan, where history of PTSD was
associated with higher risk of developing several autoimmune dis-
eases, including SLE.”" Depression is also a risk factor for SLE. In
a study on the NHS cohorts, depression was associated with ele-
vated risk (HR 2.5) of later developing SLE, after adjustment for
body mass index, smoking, oral contraception, and postmeno-
pausal hormone use.”® Three different depression indicators (clin-
ical diagnosis, antidepressant usage, and depressed mood
indicated by Mental Health Inventory-5 scores) yielded associa-
tions with increased SLE risk when analyzed separately, as well.

SDoH relates to the severity and attributes of psychologic
responses to stressful events. A study of patients who had expe-
rienced trauma in Georgia revealed a strong relationship between
neighborhood poverty and the severity of subsequent PTSD,
whereas a Survey of the Health of Wisconsin study found an
association between low SES, as measured by education and
income, and higher risk of depression.”®%° International studies
have also revealed similar associations; an Australian study
showed that family poverty was a significant predictor of

adolescent and young adult depression and anxiety, whereas a
prospective study of a German cohort proposed that stressful life
events were less likely to yield mental health problems among
children whose parents had higher educational attainment.®'82
A Chinese cohort study revealed that study participants with
lower SES, as measured by family income, employment status,
and education, exhibited greater risk of depression.®® The rela-
tionship between SDoH and PTSD symptoms in response to the
COVID-19 outbreak extensively reported, as the pandemic was
a major global source of stress. In one study on the population
of Hubei Province, China, where the outbreak initiated, lower per-
ceived social status, in terms of income, education, and employ-
ment, was associated with 30% increase in PTSD symptoms,
measured by the Impact of Event Scale-Revised.®* Another study
that used an online survey on study participants from 152 coun-
tries demonstrated that individuals with no or only primary educa-
tion exhibited increased higher odds of developing PTSD
symptoms.&°

Discussion

As we increasingly recognize and combat food unsafety, air
and water pollution, climate change, global epidemics, and
unprecedented levels of mental health stress, it is essential to real-
ize that these threats to human health disproportionately affect
lower socioeconomic and historically minoritized groups in our
society. These are main causes of observed disparities in disease
incidence and outcomes by many measures of SES for many
health conditions, including complex autoimmune conditions
such as SLE. By some measures, the incidence of autoimmunity
in the United States and worldwide may be increasing.®® In the
NHANES national survey data, the prevalence of positive ANAs,
often a sign of an initial break in immune tolerance before the
onset of many autoimmune diseases, has increased®” from 11%
in 1988 to 1991 to 16% in 2011 to 2012. However, it is not
entirely clear that the incidence of SLE is increasing, and this
may be due to the rise in many exposures, such as air pollution,
diet changes, and stress, whereas others, such as cigarette
smoking and alcohol intake, have been declining. There have also
been temporal changes in the use and accuracy of autoantibody
testing, aging of the population and unstable population denomi-
nators due to immigration, and wide variation in the timeliness
and accuracy of diagnosis that have contributed to difficulty
assessing SLE incidence over time.

The mechanistic biologic pathways between SDoH expo-
sures, the risk factors we have enumerated, and the development
of SLE are not all clear and beyond the scope of this review. Sys-
temic inflammation, hypothalamic pituitary axis dysregulation, epi-
genetic changes, oxidative stress, and priming of innate immune
pathways leading to production of interferon, a key proinflamma-
tory cytokine in SLE, are all possible biologic mechanisms.”"
These mechanisms may be shared, or unique to certain
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exposures, and may be interactive and synergistic with those of
other exposures and genetic susceptibility genes.

We have discussed several lifestyle, behavioral, and psycho-
logic risk factors for SLE, including dietary and alcohol intake, cig-
arette smoking, obesity, depression, and PTSD, as environmental
exposures, to underscore the great extent to which these are
social contextually, not genetically, determined, but we acknowl-
edge that each of these results from a complex and nuanced
interaction between genetics and the environment, including
SDoH. Additionally, our discussion of environmental risk factors
and their relationship to SDoH does not explain the female pre-
dominance of SLE. We posit that being born with two X chromo-
somes puts an individual at an increased risk of SLE and
increased susceptibility to the numerous environmental expo-
sures that may accelerate or trigger the development of SLE.
Men without a second X chromosome, in particular, may be more
resistant to the effects of the above exposures in terms of their risk
of SLE, in the absence of a high non-X chromosome genetic sus-
ceptibility burden. Women may also be more likely to have some
of these SLE-related exposures, such as depression and PTSD,
in addition to potentially being more susceptible to them. Further-
more, throughout this study we have used the term “environmen-
tal” to collectively define any factor that is extrinsic yet nongenetic,
and downstream to SDoH; yet, in some research contexts,
such a classification may oversimplify more nuanced inter-
actions between nongenetically predetermined factors. There-
fore, depending on the scope and focus of the research, future
studies may benefit from different levels of flexibility in defining
such terms.

We have focused our discussion primarily on the SDoH and
have not concentrated on their strong historic relationships with
the social constructs of race and ethnicity in the United States.
The relationship between the two is complex, particularly in rela-
tion to environmental exposures and disease development, differs
by exposure, and is by no means constant over time and region,
both within the United States and around the world. In the
United States, historically, however, those of minoritized groups
have been subjugated to lower SES by every measure and expe-
rienced a hugely disproportionate burden of many of these
adverse SDoH. Experiencing racism or discrimination is an ongo-
ing source of stress in many people’s lives. Although it has been
shown to be related to worse outcomes among those living with
SLE, it has not been well studied in relationship to the develop-
ment of SLE to date.®® Similarly, the experience of enduring sex-
ism may be a source of stress and even trauma that has not
been studied in relation to SLE risk per se, but that is likely also
tied to or exacerbated by adverse SDoH.

Conclusions

Having recognized that many of the growing number of envi-
ronmental exposures linked to SLE risk are strongly socially

determined, potentially explaining a large part of the socio-
demographic inequities observed in this complex chronic dis-
ease, what do we need to do? Many groups are beginning to
address these large and seemingly overwhelming problems.’” In
an effort to reduce the burden of disease and work toward health
equity, large multimodal interventions to educate and combat
poverty, stress, climate change, and unhealthy lifestyle are
urgently needed for those experiencing the often synergistic
effects of these adverse SDoH. Moreover, they would benefit
those at risk for SLE and for other health conditions, as well.®°
We are now working to assemble a nationwide cohort of young
women with family histories of SLE, to identify those with highest
exposure to these SLE-related environmental risk factors, with
the goal of starting to educate, improve access to health care,
and mitigate other exposures that are linked to SDoH. Just as it
is rapidly becoming possible to identify those at highest risk for
SLE using our knowledge of genetic and environmental risk fac-
tors, interventions to address the many socially determined fac-
tors that increase this risk may also become a possibility.**°
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Measuring Frailty in Systemic Lupus Erythematosus
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Objective. Recent research has explored frailty in systemic lupus erythematosus using multiple measures. We
examined the agreement among frailty measures and the association of each with cross-sectional and longitudinal
health outcomes.

Methods. We used data from the California Lupus Epidemiology Study to examine the following measures of frailty:
Systemic Lupus International Collaborating Clinics (SLICC) Frailty Index (SLICC-FI), Short Physical Performance
Battery (SPPB), and Fatigue, Resistance, Ambulation, lliness, and Loss of Weight (FRAIL) scale questionnaire.
Patient-Reported Outcomes Measurement Information System Physical Function 10a (PF) was tested as a proxy mea-
sure of frailty. Agreement between frailty classifications by each measure was assessed. Cross-sectional associations
of frailty classifications with hospitalization, valued life activities disability, cognitive impairment, six-minute walk test
distance, self-reported disease damage, fatigue, and depressive symptoms were assessed with logistic and linear
regression analyses. Associations with hospitalization, disease damage increase, and disability increase over the sub-
sequent three years were assessed by Cox proportional hazards analyses.

Results. Percentages of participants identified as frail varied among the measures, from 10.8% to 45.9%. Agree-
ment among classifications ranged from slight to substantial (k from 0.17 to 0.63). Most of the frailty measures were
associated with both cross-sectional and longitudinal health outcomes, with the notable exception of the SPPB.
SLICC-FI had the most consistent association with outcomes, followed by FRAIL and PF.

Conclusion. Multiple measures of frailty appear to identify the risk of poor health outcomes. The intended use, as
well as the simplicity and practicality of implementing the measure, may be the most important considerations in

choosing a frailty measure.
INTRODUCTION

Frailty has been conceptualized as an accumulation of deficits
across multiple physiologic systems. These deficits result in a reduc-
tion of the body’s physiologic reserves and a generalized vulnerability
to stressors, which makes individuals more susceptible to poor
health outcomes.'? Two major conceptual approaches to measur-
ing frailty have been developed. One, the phenotypic approach,
focuses on physical frailty and uses the presence of specific criteria
to define frailty (ie, deficits in specific areas). The most commmon of
these is the Fried Frailty Phenotype (FFP), for which five criteria are
evaluated: (1) low weight or weight loss, (2) weakness (grip strength),
(3) slowness (gait speed), (4) exhaustion, (self-reported fatigue), and
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(5) inactivity (seff-reported).” Individuals must meet three of the five
criteria to be considered frail. Individuals meeting one or two criteria
are considered pre-frail. The Short Physical Performance Battery
(SPPB), developed by Guralnik et al for use in geriatric settings, has
also been used to define fraitty.® The other deficit-accumulation
approach conceptualizes frailty more broadly and incorporates ele-
ments of physical frailty, as well as comorbid conditions, laboratory
measurements, and social factors. The most common of these
may be the Rockwood Frailty Index, which uses up to 71 items to
construct a frailty score.* The brief Fatigue, Resistance, Ambulation,
liness, and Loss of Weight (FRAIL) scale questionnaire, a self-report
measure incorporating elements of both approaches, has also been
introduced.®

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.25479).
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SIGNIFICANCE & INNOVATIONS

+ Frailty has recently begun to be studied as a risk fac-
tor for poor health outcomes in systemic lupus ery-
thematosus. Multiple measures of frailty have
been used.

+ We found that the percentages of individuals classi-
fied as frail varies widely depending on the measure
used. Agreement of frailty classifications varied
considerably.

+ Although most of the frailty measures were predic-
tive of poor health outcomes, some may be more
accessible to use. The choice of measures may
depend on the purpose of measurement and ease
of use.

Frailty was introduced as a relevant concept in systemic
lupus erythematosus (SLE) in 2017. Using the FFP, 20% of a
sample of women with SLE were classified as frail and 50% as
pre-frail. Frail women had worse physical functioning, were more
likely to have cognitive impairment, and were more likely to expe-
rience declines in functioning and the onset of cognitive impair-
ment. Odds of death for frail women were also elevated
(adjusted odds ratio [OR] adjusting for age, lupus duration, and
baseline disease damage 5.9 [0.6-57.1; mean + SD follow-up
time 7.2 £ 1.1 years)). In that SLE sample, with a mean age of
48, the rate of frailty was twice as high as that seen in studies
of adults more than two decades older. A similar prevalence of
frailty among women with SLE of similar age was seen in a study
by Lieber et al,” also using the FFP. The study by Lieber et al
incorporated the FRAIL scale as well. By the FRAIL scale, 27%
of the sample individuals were classified as frail.

In 2020, the Systemic Lupus International Collaborating
Clinics (SLICC) group published an SLE-specific Frailty Index
(SLICC-FI) based on the Rockwood-type model of frailty.® The
SLICC-Fl has 48 items, the majority of which are derived from ele-
ments of the Systemic Lupus Erythematosus Disease Activity
Index (SLEDAI), the SLICC Damage Index (SDI), and the Short
Form-36 Physical Function subscale, in addition to specific
comorbid conditions. The SLICC-FI has been shown to predict
damage accrual, hospitalization, and death and to be associated
with physical performance measures.® '® In spite of its good psy-
chometric performance, the SLICC-FI can be cumbersome to
calculate. Only one study has compared the SLICC-FI with other
measures of frailty, showing moderate agreement (kappa = 0.41)
between frailty defined by the SLICC-FI and by the FFP.'* It is
not known how the SLICC-FI corresponds with other measures
of frailty.

We aimed to examine the correspondence among measures
of frailty in SLE and the association of each measure of frailty with
cross-sectional and longitudinal health outcomes. Because of the
strong emphasis on physical functioning in the FFP and SPPB

and the inclusion of physical functioning in the SLICC-FI and
FRAIL scale, we also chose to examine a measure of physical
functioning as a potential proxy measure of frailty that might be
more readily available in research and clinical settings.

METHODS

Study sample. Subjects were participants in the California
Lupus Epidemiology Study (CLUES), a multiracial/ethnic cohort
of individuals with physician-confirmed SLE. Some participants
(n = 171) were recruited from the California Lupus Surveillance
Project (CLSP), a population-based cohort of individuals with
SLE living in San Francisco County from 2007 to 2009."® Addi-
tional participants (n = 260) residing in the nine counties in the
San Francisco Bay Area geographic region were recruited
through local academic and community rheumatology clinics
and through existing local research cohorts. No substantive differ-
ences existed between the two recruitment groups in distribution
of sociodemographic or clinical characteristics. In addition to res-
idence in the San Francisco Bay Area, other inclusion criteria were
a confirmed SLE diagnosis; oral language fluency in English,
Spanish, Cantonese, or Mandarin; age >18 years; and ability to
provide informed consent.

Baseline study procedures involved an in-person research
clinic visit, which included collection and review of medical
records before the visit; a history and physical examination con-
ducted by a physician specializing in SLE; collection of biospeci-
mens for clinical and research purposes; and completion of a
structured interview administered by an experienced research
assistant. All SLE diagnoses were confirmed by study physicians
according to any of the following definitions: (a) the patient met
>4 of the 11 American College of Rheumatology (ACR) revised cri-
teria for the classification SLE as defined in 1982 and updated in
1997,"®17 (b) the patient met >3 of the 11 ACR criteria plus a doc-
umented rheumatologist’s diagnosis of SLE, or (c) the patient had
a confirmed diagnosis of lupus nephritis. These case definitions
were used in SLE surveillance studies supported by the Centers
for Disease Control and Prevention, with the recognition that all
historical records may not have been accessible when surveil-
lance activities were undertaken. %1820

CLUES specifically aimed to include a diverse patient sam-
ple, with representation from the four largest US racial/ethnic
groups. Study visits and interviews were conducted in English,
Spanish, Mandarin, or Cantonese. All study procedures were
reviewed and approved by the University of California San
Francisco Institutional Review Board, and all participants pro-
vided consent.

A subgroup of participants were unable to attend the base-
line in-person visit (N = 37 [22%] from CLSP and n = 62 [24%]
from additional Bay Area recruits). For these individuals, medical
records were collected, and the same structured interview was
administered by telephone.
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Subsequent to baseline, follow-up interviews have been con-
ducted annually, in addition to a follow-up in-person visit at year
3 for a subset. Data for the primary analyses were drawn from
the year 3 interviews (n = 343). Data for follow-up analyses were
also collected from years 1, 4, 5, and 6. Retention for annual
follow-up interviews through year 6 has averaged 86%.

Variables. Frailty. The SLICC-FI requires completion of the
SLEDAI and the SDI, as well as information about comorbid condi-
tions and patient-reported measures of physical functioning,
fatigue, and pain (Table 1 and Supplementary Table 1). Much of
the content of the SLICC-FI is derived from the specific items
of the SLEDAI and the SDI. Each of the 48 items has been assigned
a weighting. Item scores are summed and converted to a O to
1 scale. Scores can be categorized as robust (score 0-0.03), less
fit (>0.03-0.10), least fit (>0.10-0.21), or frail (>0.21). We calculated
SLICC-FI scores according to the published protocol.®

The FRAIL scale is a five-item, self-report questionnaire
(Table 1) with scores ranging from zero to five. In the one study
that used the FRAIL scale for SLE, frailty was associated with
greater disease damage, higher levels of markers of inflammation,
greater disability, and worse scores on a range of patient-
reported outcome measures.” Correspondence between frailty
determinations by the FRAIL scale and the FFP were examined
in that study and were found to be moderate (kappa = 0.46;
P =0.0004). The original recommended cut-point to define frailty
is >3, although lower cut-points have been explored and found

to have more favorable accuracy.?’?? We examined cut-points
of both >3 and >2 to define frailty.

In a subset of the CLUES cohort who returned for an in-
person visit at year 3, the SPPB was performed.® The SPPB has
three components: a test of standing balance, timed chair stands,
and a timed four-meter walk. Each component is scored from O to
4 for a total score of 0 to 12. Higher scores reflect better status.
Scores of >10 have been categorized as robust, 8 or 9 as pre-
frail, and <7 as frail.

We examined the 10-item Patient-Reported Outcomes Mea-
surement Information System (PROMIS) Physical Function 10a
(PF) scale®® as a potential proxy measure of frailty that may be
more readily available in both research and clinical settings.**
PROMIS PF scores were converted to T-scores, with population
mean 50 and SD 10, according to PROMIS scoring protocols.
We examined a T-score one SD below the population mean
(<40), representing a moderate level of functional impairment,®
as a possible indicator of frailty. PROMIS PF scores <40 were
found to differentiate between functional levels that were accept-
able versus unacceptable to adults.?® Further, in another study,
mean PF scores for individuals classified as frail by both the FRAIL
scale and the FFP were <40 and were approximately one SD
lower than scores for individuals who were not frail.”

Outcomes. We examined associations with both cross-
sectional and longitudinal outcomes expected to reflect frailty.
Cross-sectional outcomes were hospitalizations, disability, six-
minute walk test, cognitive impairment, self-reported disease

Table 1. Components of the FRAIL scale, SLICC Frailty Index, and SPPB*

SLICC Frailty Index

FRAIL scale SPPB

General Based primarily on SDI, Questionnaire Performance based
SLEDAI, and SF-36
subscales
Components - Forty-eight health . Fatigue + Balance
“deficits” identified - Difficulty walking up 10 - Time to complete five chair
- Fourteen related to organ steps stands
damage - Difficulty walking several - Time to complete four-
- Fourteen reflect active hundred yards meter walk
inflammation + Presence of =5 of 11
- Six reflect comorbid illnesses
conditions - Weight loss
- Fourteen related to
function, mobility, health
attitude, and mental
health
Scoring Each deficit is scored from 0 Each component can receive  Each component is scored 0-4,
to 1. The total number of 1 point. Points are summed for a total score range of 0-12,
deficits is summed and for total score ranging from with higher scores reflecting
divided by 48. 0to 5. better status.
Frailty + Robust, 0-0.03 - Robust, 0 -+ Robust, >10
definitions + Lessfit, >0.03-0.10 + Prefrail, 1 or 2 + Pre-frail, 8 or 9
- Least fit, >0.10-0.21 + Frail, 23 + Frail, <7

- Frail, >0.21

* FRAIL, Fatigue, Resistance, Ambulation, lliness, and Loss of Weight; SDI, Systemic Lupus International Coordinat-
ing Clinics Damage Index; SF-36, Short Form-36 Physical Function subscale; SLEDAI, Systemic Lupus Erythematosus
Disease Activity Index; SLICC, Systemic Lupus International Collaborating Clinics; SPPB, Short Physical Performance

Battery.
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damage, fatigue, and depressive symptoms assessed in the
same year. Longitudinal outcomes were hospitalization, func-
tional decline, and increase in disease damage over the subse-
quent three years.

Hospitalizations were self-reported at each interview. The
year 3 report of any versus no hospitalization in the prior year
was used in cross-sectional analyses. For longitudinal analyses,
we used the report of any versus no hospitalization at the subse-
quent year 4, year 5, or year 6 interviews.

Disability was measured with the shortened version of the Val-
ued Life Activities (S-VLA) disability and accommodations scale.?®
The S-VLA scale assesses difficulty in specific activity domains,
ranging from self-care to social and recreational activities. It has
14 items, each rated from O (no difficulty) to 3 (unable to perform).
Scores are calculated as the mean of all items the respondent
rates. No minimally important difference has been defined for the
S-VLA scale, so we used one-half SD of the year 3 score (0.3) to
estimate the minimally important difference.?® Individuals whose
scores worsened from the year 3 score by >0.3 at any of the
follow-up periods were classified as having an increase in disability.

The six-minute walk test (6BMWT) was also examined as a
measure of functioning. The BMWT was implemented after year
3 in-person visits had already begun, so it was available for only
the subset of our sample whose in-person visits were later in the
year 3 data collection period (n = 122). For the BMWT, individuals
walk at a normal speed between 2 markers delineating a
30-meter course for 6 minutes, with rest breaks as needed.®°
Scores are the total distance walked in the six-minute period.

Cognitive impairment was assessed using the Controlled
Word Association Test (COWAT).®! Responses on the COWAT
were scored and transformed to z-scores, adjusted for age and
education. Individuals whose z-scores were —1.5 or lower were
classified as having impairment.

To assess disease damage, we used the Brief Index of
Lupus Damage (BILD), which has been validated as a patient-
reported proxy for the SDI.*2%® An increase of >2 was used to
define an increase in BILD for the longitudinal analyses. BILD
scores >2 have previously been linked to poor health outcomes
(eg, hospitalization, death).®® The BILD was only administered at
year 4 during the follow-up period.

Fatigue was measured with the four-item PROMIS Fatigue
short form, transformed to T-scores with mean of 50 and SD of
10.% Depressive symptoms were measured with the Patient
Health Questionnaire (PHQ)-8.3* The PHQ was developed based
on diagnosis criteria for depression. Scores range from 0 to 24.

Other variables. The SLEDAI®® and SDI®® were completed by
physicians for participants who completed an in-person research
visit at year 3. Sociodemographic characteristics, medication use,
and comorbid conditions were self-reported by CLUES partici-
pants in the year 3 structured interviews. Age and disease dura-
tion were calculated at the time of year 3 interviews based on
baseline information.

Statistical analysis. Descriptive statistics were calculated for
the entire sample and for a subset of individuals who completed
the in-person SPPB. We then calculated the percentage of the
sample who would be classified as frail by each measure:
the SLICC-FI, the FRAIL scale, SPPB, and the PROMIS PF. We
then calculated the agreement between frailty determinations
according to each measure by examining the percent agreement
in frailty determinations and the unweighted kappa coefficients
for agreement. Kappa coefficients were classified as slight
(0-0.20), fair (0.21-0.40), moderate (0.41-0.60), substantial
(0.61-0.80), and high (=0.81).

Next, we examined cross-sectional associations between
each frailty measure and the outcomes of hospitalization, S-VLA
disability scale, cognitive impairment, 6MWT distance, BILD,
fatigue, and depressive symptoms using logistic (hospitalization
and cognitive impairment) and linear (S-VLA scale, BMWT, BILD,
PHQ, and PROMIS Fatigue) regression analyses. Two models
were constructed for each outcome: (1) unadjusted and
(2) adjusted for age, sex, income, and SLE duration. Finally, we
examined the association of each frailty measure with subsequent
hospitalizations, increase in disability, and increase in BILD longi-
tudinally using Cox regression analyses, again constructing two
models for each outcome, as defined above.

RESULTS

The sample (n = 246) had a mean = SD age of 47.7 +
14.0 years, was 90.2% female, and had mean + SD SLE duration
of 18.8 + 10.5 years (Table 2). The subset who completed the
SPPB (n = 166) were similar.

Prevalence of frailty. The prevalence of frailty varied con-
siderably based on the various measures. The SLICC-FI identified
45.9% (n = 113) of the sample as frail (Table 3). In comparison, the
FRAIL scale using the standard cut-point of >3 identified only
17.5% of the sample as frail. Using a FRAIL score of >2, 33.3%
were classified as frail. A PROMIS PF score <40 identified 23.6%
as frail. Among the subset completing the SPPB, 10.8% were
scored as frail by SPPB. The proportion of the total sample and
the SPPB subset who were defined as frail were similar for the
other frailty measures. Detailed information on scoring of
the SLICC-FI is shown in Supplementary Table 1. Component
scores of both the FRAIL scale and the SPPB are shown in Sup-
plementary Table 2.

Agreement among measures. Although agreement in
classifications of the standard measures of frailty was relatively
high, ranging from 63.2% (between SLICC-FI and SPPB) to
85.8% (FRAIL >3 and PROMIS PF <40), kappa coefficients were
generally fair to moderate (Table 4). The SPPB had the lowest
kappa coefficients when compared with other measures. PRO-
MIS PF <40 had the most robust agreement with the other
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Table 2. Characteristics of study sample*

Table 3. Prevalence of frailty defined by SLICC Frailty Index, FRAIL
scale, SPPB, and PROMIS PF <40*

Total (n = 246), Subset with
mean + SD or SPPB scores Total Subset with SPPB scores
Characteristics % (n) (n=166) Frailty measure (n = 246) (n=166)
Sociodemographic SLICC Frailty Index
Age,y 47.7 +14.0 47.0+14.1 Total score, 0.20+0.10 0.20+0.10
Female 90.2 (222) 89.2 (148) mean + SD
Race/ethnicity® Robust (0-0.03) 0 0
Asian 37.0(91) 41.0 (68) Less fit (>0.03- 159 + 39 18.7 + 31
Black 10.2 (25) 8.4(14) 0.10)
Hispanic 23.2(57) 22.4(38) Least fit (>0.10- 382+94 38.6+64
White 29.7(73) 27.7 (46) 0.21)
Below poverty® 20.6 (50) 19.2 (29) Frail (>0.21) 459+ 113 42.8+71
General health FRAIL scale
Comorbidities Total score, 1.0+1.2 1.03+1.24
Cancer 2.0(5) 2.4 (4) mean + SD
Fibromyalgia 9.5(23) 12.3(20) Not frail (0) 504 + 124 50.6 + 84
Diabetes 6.9 (17) 54(9) Pre-frail (1, 2) 321+79 313+52
Cardiovascular 20.3 (50) 18.1 (30) Frail (=3) 175+ 43 18.1 +30
disease Frail (=2) 333182 325+ 54
Lung disease 18.7 (46) 16.9 (28) SPPB
SLE-related Total score, - 9.66 + 1.67
Disease duration, y 18.8+10.5 18.0+10.3 mean + SD
SLEDAI 32+35 32+34 Robust (>10) - 56.6 £+ 94
SDI 20+21 1.9+21 Pre-frail (8, 9) - 325+54
GCuse 83.8(114) 84.1(74) Frail (7) - 10.8£18
High dose GC (>7.5 32.8 (44) 34.5(30) PROMIS PF
mg/day) T-score <40, % (n) 23.6 (58) 20.5 (34)
Immunosuppressive 53.7(132) 52.4(87) * FRAIL, Fatigue, Resistance, Ambulation, llinesses, and Loss of
medication use Weight; PROMIS PF, Patient-Reported Outcome Measurement Infor-
Outcomes, cross- mation System Physical Function 10a; SLICC, Systemic Lupus Inter-
sectional national Coordinating Clinics; SPPB, Short Physical Performance
Hospitalization, cross- 18.7 (46) 16.9 (28) Battery.
sectional
S-VLA scale 0.52 £ 0.60 0.48 + 0.55
Cognitive impairment* 18.7 (46) 18.7(31) similar among the subset of participants who completed the
Six-minute walk test 427.2 +95.7 4279+ 96.9 SPPB (Supplementary Table 3).
distance, meters
(n=122)
PROMIS Fatigue 521+113 523+ 114
PHQ-8 6.1 +5.1 6.1 +5.1 . . .
BILD 50422 18+20 Cross-sectional associations with outcomes. In unad-
Outcomes, longitudinal justed analysis, the SLICC-FI demonstrated significant associa-
Hospitalization, any 293(73) 27.7(46) tions with each of the cross-sectional outcomes except for
Deiﬁ;'g%nfgl_lsv&i%a 26.9(52) 26.4 (34) cognitive impairment (Table 5). The FRAIL scale with score >3
Increase in BILD >2 14.2 (35) 13.3(22) and PROMIS PF with score <40 were significantly associated with

* All data except longitudinal outcomes are from California Lupus
Epidemiology Study year 3. Longitudinal outcomes occurred during
years 4-6. BILD, Brief Index of Lupus Damage; GC, glucocorticoid;
PHQ, Patient Health Questionnaire; PROMIS, Patient-Reported Out-
comes Measurement Information System; SDI, Systemic Lupus
International Coordinating Clinics Damage Index; SLEDAI, Systemic
Lupus Erythematosus Disease Activity Index; SPPB, Short Physical
Performance Battery; S-VLA, Short Valued Life Activities disability
questionnaire.

@ Race/ethnicity categories are mutually exclusive.

P Below poverty defined as <125% of the federal poverty level for
household size.

¢ Defined as z-scores —1.5 or lower on the Controlled Word Associa-
tion Test.

measures. Detailed examinations of the frailty classifications
revealed that the SLICC-FI tended to identify individuals as frail
who were not identified as frail on other scales. Results were

each of the cross-sectional outcomes; the FRAIL scale with score
>2 was associated with each outcome except hospitalization. The
SPPB was associated with S-VLA score, PHQ, PROMIS Fatigue,
and 6MWT distance, but not hospitalizations, BILD, or cognitive
impairment. Among the subset who completed the SPPB,
associations with  cross-sectional outcomes were similar
(Supplementary Table 4).

In analyses adjusted for age, sex, income, and SLE duration,
none of the frailty measures were associated with cognitive
impairment. SLICC-FI, FRAIL >3, and PF40 were each signifi-
cantly associated with all of the other cross-sectional outcomes.
FRAIL >2 was associated with all outcomes except hospitalization
and cognition. SPPB was associated only with PHQ-8, S-VLA
score, and BMWT distance.
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Table 4. Agreement of frailty classifications among measures*®

FRAIL scale (=3) FRAIL scale (=2) SPPB PF40
Frailty measure Not frail Frail Not frail Frail Not frail Frail Not frail Frail
SLICC-FI
Not frail 53.7 0.4 (1) 51.2 29(7) 54.8 2.4(4) 533 0.8(2)
(132)° (126)° 91y (131y°
Frail 28.9(71) 171 15.5(38) 30.5 34.3(57) 8.4 23.2(57) 22.8
(42 (757 (147 (56)°
Total % 70.8 81.7 63.2 76.1
agreemem
Kappa (95% ClI) 0.38 (0.29-0.48) 0.62 (0.53-0.72) 0.17 (0.06-0.28) 0.50 (0.40-0.60)
FRAIL (=3)
Not frail = = = = 75.9 6.0 72.4 10.2
(126)° (10) (178)° (25)
Frail = = = = 133(22) 4887  4.1(10) 134
(337
Total % = = = = 80.7 85.8
agreement
Kappa (95% Cl) = = = = 0.23 (0.04-0.41) 0.57 (0.44-0.69)
FRAIL (>2)
Not frail - - - - 63.9 3.6 (6) 63.8 29(7)
(106) (151
Frail - - - - 253 (42) 7.2 12.6(31) 20.7
(12¢ (51
Total % - - - - 711 84.5
agreement
Kappa (95% Cl) - - - - 0.20 (0.06-0.34) 0.63 (0.52-0.73)
SPPB
Not frail - - - - - - 74.7 14.5
(124y (24)
Frail = = = = = = 4.8 (8) 6.0
(10y°
Total % = = = = = = 80.7
agreement
Kappa (95% Cl) = = - = = = 0.28 (0.10-0.46)

* Table values are % (n) unless otherwise noted. FRAIL, Fatigue, Resistance, Ambulation, llinesses, and Loss of
Weight scale; PF40, Patient-Reported Outcome Measurement Information System (PROMIS) Physical Function 10a
<40; SLICC-FI, Systemic Lupus International Coordinating Clinics Frailty Index; SPPB, Short Physical Performance

Battery; 95% Cl, 95% confidence interval.
4 Indicates agreeing classifications.

Longitudinal associations with outcomes. Seventy-
three participants (29.3%) reported a hospitalization in the
follow-up period (cumulative frequency: year 4, n = 30; year 5,
n = 51; year 6, n = 73), and 52 participants (26.9%) had an
increase in disability (cumulative frequency: year 4, n = 25; year
5, n = 44; year 6, n = 52). BILD increases from year 3 to year
4 were experienced by 35 participants (14.2%).

In unadjusted analyses, the SLICC-FI was statistically signifi-
cantly associated with higher odds of follow-up hospitalizations
(hazard ratio [HR] 1.9, 95% confidence interval [95% CI] 1.2—
3.0), increase in disability (HR 2.7, 95% Cl 1.5-4.8), and an
increase in disease damage as measured by the BILD (HR 4.2,
95% Cl 1.9-9.2) (Table 6). FRAIL score >2 was statistically signif-
icantly associated with follow-up hospitalizations (HR 2.1, 95% ClI
1.3-3.3) and increase in disability (HR 2.4, 95% CI 1.4-4.2),
whereas PROMIS PF <40 was statistically significantly associated
with higher hazard of increase in disability (HR 2.0, 95% CI 1.2—
3.6) and increase in disease damage (HR 3.0, 95% CI 1.6-5.9).

FRAIL score >3 was significantly associated only with rate of hos-
pitalization (HR 1.8, 95% CI 1.0-3.0). SPPB was not statistically
significantly associated with any of the longitudinal outcomes.
Among the subset of the cohort who completed the SPPB, FRAIL
score >3 and PROMIS PF score <40 were also associated with
hospitalization (Supplementary Table 5).

DISCUSSION

Percentages of participants identified as frail varied among
the frailty measures, from 10.8% to 45.9%. Agreement among
classifications ranged from slight to substantial but was generally
fair to moderate. This wide range in prevalence based on differ-
ences in the method used to measure frailty is consistent with
what has been noted in the general population and for rheumatoid
arthritis.3” Although most of the measures of frailty were associ-
ated with poor health outcomes among this SLE cohort—
demonstrating that they measure a construct closely associated
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Table 5. Cross-sectional association of frailty with health outcomes based on various definitions from study year 3*
Defining frailty measure
Model characteristics SLICC-FI FRAIL >3 FRAIL >2 SPPB PF40
Model 1: Unadjusted
Hospitalization
OR (95% CI)? 26(1.4t05.2) 22(1.1t04.7) 1.7(091t03.3) 1.5(0.5t04.9) 26(1.3t05.1)
P 0.0044 0.036 0.11 0.52 0.007
Cognitive impairment
OR (95% Cl) 1.5(0.8t02.9) 22(1.1t04.7) 21(1.1t04.0) 25(0.8t07.2) 2.0(1.0t0 4.0
P 0.21 0.036 0.022 0.10 0.050
BILD
B (95% CI)° 1.7(1.2t02.2) 1.0(0.3t01.7) 14(09t020) 06(-04t01.6) 1.3(0.7t0 1.9)
P <0.0001 0.0071 <0.0001 0.22 <0.0001
PHQ-8
3(95% Cl) 5.8(4.71t06.5) 7.0(5.5t08.4) 6.4(531t075) 4.0(1.5t06.4) 59(4.5t07.2)
P <0.0001 <0.0001 <0.0001 0.0018 <0.0001
S-VLA
B (95% Cl) 0.81(0.70to 0.84(0.67 to 0.87(0.76 to 0.45(0.19to 1.02 (0.89 to
0.92) 1.00) 0.99) 0.71) 1.14)
P <0.0001 <0.0001 <0.0001 0.001 <0.0001
PROMIS Fatigue
3(95% Cl) 12.4(10.0to 133(99to 11.6(89to 59(04t011.5) 12.6(9.7to
14.8) 16.6) 14.2) 15.5)
P <0.0001 <0.00071 <0.0001 0.036 <0.0001
6MWT distance (n = 122)
3(95% Cl) -62.1(-94.4t0 -88.4(-133.0 -56.5(-91.8t0  -158.3(-233.7 -84.0(-127.8
-29.9) to -43.8) -21.2) to -82.8) to —40.2)
P 0.0002 0.0001 0.002 <0.0001 0.0002
Model 2: Adjusted for age, sex,
income, SLE duration
Hospitalization
OR (95% CI)* 26(1.3t054) 24(1.1to5.4) 1.8(0.9t0 3.6) 2.0(0.6t0 7.4) 25(1.1to5.5)
P 0.0103 0.039 0.12 0.29 0.022
Cognitive impairment
OR (95% ClI) 1.1(0.5,2.3) 2.0 (08 to 4.8) 1.6(0.8t035  35(1.0to12.6) 1.5(0.6 t0 3.3)
P 0.86 0.13 0.20 0.054 0.36
BILD
B (95% Cl)° 1.5(1.0to 2.0) 1.0(0.3t0 1.8) 12(0.7t01.8) 0.7(-04t01.7) 1.2(0.5t0 1.8)
P <0.0001 0.0046 <0.0001 0.22 0.0006
PHQ-8
3 (95% Cl) 59(4.7t07.1) 6.9 (5.4 t0 8.5) 6.7 (5.5t07.9) 4.2 (1.3t07.0) 6.0 (4.5t0 7.6)
P <0.0001 <0.0001 <0.0001 0.0043 <0.0001
S-VLA
3(95% Cl) 0.77 (0.65 to 0.83(0.66 to 0.86 (0.75 to 0.52 (0.21 to 0.96 (0.83 to
0.89) 1.00) 0.98) 0.82) 1.10)
P <0.0001 <0.0001 <0.0001 0.0009 <0.0001
PROMIS Fatigue
3(95% Cl) 12.9(10.4 to 129 (9.4 to 12.2(9.5t0 5.8(-0.6t012.1) 13.6(10.4 to
15.5) 16.5) 15.0) 16.8)
P <0.0001 <0.0001 <0.0001 0.08 <0.0001
6MWT distance (n = 122)
3(95% Cl) -62.1(-96.2 to =82.7 (<1275 -447(-825t0  -151.7(-2324 -61.9(-109.3
-27.9) to —38.0) -7.0) to-71.1) to -14.4)
P 0.0005 0.0004 0.021 0.0003 0.011

* Higher scores or positive B indicate worse outcomes for all measures except 6MWT distance, for which a lower score or neg-
ative B indicates a worse outcome. BILD, Brief Index of Lupus Damage; FRAIL, Fatigue, Resistance, Ambulation, llinesses, and
Loss of Weight scale; OR, odds ratio; PF40, Patient-Reported Outcome Measurement Information System (PROMIS) Physical
Function 10a <40; PHQ, Patient Health Questionnaire; SLE, systemic lupus erythematosus; SLICC-FI, Systemic Lupus Interna-
tional Coordinating Clinics Frailty Index; SPPB, Short Physical Performance Battery; S-VLA, shortened Valued Life Activities dis-
ability questionnaire; 6MWT, six-minute walk test; 95% Cl, 95% confidence interval.

@ OR (95% Cl) and P-value from logistic regression analysis.

b B (95% Cl) and P-value from linear regression analysis.
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Table 6. Longitudinal association of frailty with health outcomes from study years 4-6*

Frailty classification

Model SLICC-FI FRAIL >3 FRAIL >2 SPPB PF40
Model 1: Unadjusted
Any follow-up hospitalization
HR (95% Cl) 1.9(1.2-3.0) 1.8(1.0-3.0) 2.1(1.3-3.3) 1.0(0.4-2.6) 1.5(0.9-2.5)
P 0.009 0.002 0.96 0.11
S-VLA decline =0.30
HR (95% Cl) 2.7 (1.5-4.8) 1.8(1.0-3.5) 2.4(1.4-4.2) 1.3(0.4-3.6) 2.0(1.2-3.6)
P 0.001 0.001 0.67 0.012
BILD increase =2
HR (95% Cl) 4.2(1.9-9.2) 1.9(0.9-3.9) 1.4(0.7-2.7) 1.1(0.3-3.8) 3.0(1.6-5.9)
P 0.000 0.38 0.84 0.001
Model 2: Adjusted for age, sex,
income, SLE duration
Any follow-up hospitalization
HR (95% Cl) 2.0(1.2-3.3) 1.7 (1.0-3.0) 2.2(1.4-35) 0.9(0.3-2.3) 1.5(0.8-2.5)
P 0.008 0.003 0.75 0.17
S-VLA decline =0.30
HR (95% Cl) 24(1.3-4.5) 1.8(0.9-3.3) 2.0(1.1-3.6) 1.3(0.4-3.7) 1.7 (0.9-3.1)
P 0.004 0.015 0.67 0.094
BILD increase >2
HR (95% Cl) 3.2(1.4-7.1) 1.5(0.7-3.2) 1.1(0.5-2.2) 0.5(0.1-2.0) 2.1(1.9-4.4)
P 0.006 0.80 0.36 0.035

* Table values are HR (95% Cl) from Cox regression analysis. BILD, Brief Index of Lupus Damage; FRAIL, Fatigue, Resistance,
Ambulation, llinesses, and Loss of Weight scale; HR, hazard ratio; PF40, Patient-Reported Outcome Information Measurement
System (PROMIS) Physical Function 10a <40; SLICC-FI, Systemic Lupus International Coordinating Clinics Frailty Index; SPPB,
Short Physical Performance Battery; S-VLA, shortened Valued Life Activities disability questionnaire; 95% Cl, 95% confidence

interval.

with adverse health outcomes—the relationship between frailty
and health outcomes differed according to the instrument and
cut-point used to defined frailty.

The SLICC-FI identified almost half of the cohort as frail. The
mean + SD SLICC-FI score of the CLUES cohort was similar to
that of the SLICC development cohort (CLUES, 0.20 + 0.10;
SLICC, 0.17 + 0.08).2 Similar mean SLICC-FI scores have been
found in multiple cohorts, even in an incident SLE
cohort. 1128840 Although the mean scores from these cohorts
have been remarkably similar, the proportion of individuals classi-
fied as frail has varied, from 27.1% in the SLICC development
study to 29.5% and 35.6% in two single center cohorts.'#3® Our
cohort demonstrated a frailty prevalence higher than that reported
in previously published SLE cohort studies. Some of the differ-
ence may be due to differences in age—the mean age of the
CLUES cohort was 48 years, whereas some of the other cohorts
had mean ages of 35 to 43 years and considerably shorter dura-
tion of SLE. Greater age or longer disease duration (or both) might
result in more time for SLE organ damage and comorbidities to
occur. The SLICC-FI was associated with all cross-sectional out-
comes except cognitive impairment in cross-sectional unadjusted
analysis and with all longitudinal outcomes.

In contrast to the SLICC-FI, the SPPB identified the lowest
proportion of participants as frail. SPPB scores were associated
with some of the cross-sectional outcomes but had no association
with longitudinal outcomes. Although the SPPB has been shown to
be a strong predictor of poor outcomes in older populations and in

some iliness populations, it has not been used in SLE as a measure
of frailty before this study. The singular focus of the SPPB on lower
extremity function may limit its usability in SLE.

The FRAIL scale has been reported previously in two studies
of SLE.”?” Both of these studies used a cut-point of >3 and clas-
sified 26.9% and 23.5%, respectively, of their samples as frail,
compared to 17.5% in our study. When we used a cut-point of
>2, 33.3% of our cohort was identified as frail. The FRAIL scale
was associated with cross-sectional outcomes when we used
both cut-points, but only scores >2 were associated with longitu-
dinal outcomes. The lack of association of scores >3 with
longitudinal outcomes may be because of the small number of
individuals identified as frail using the higher cut-point. A previous
study of SLE showed that the FRAIL scale was a reasonable
proxy for frailty defined by the FFP.” We showed that it has similar
agreement with the SLICC-FI.

We tested the PROMIS PF as a potential proxy measure for
frailty. Using a cut-point of <40, a level that has been shown to dif-
ferentiate between acceptable and unacceptable functioning, the
PROMIS PF demonstrated high levels of agreement and moderate
kappa coefficients with both the SLICC-FI and the FRAIL scale.
One advantage of the PROMIS PF <40 is that it is already incorpo-
rated into many research settings. Because its implementation in
clinical settings was recently recommended by the ACR as a qual-
ity measure for SLE*' and it has been recommended as a measure
of functional status for rheumatoid arthritis,*? it may similarly be in
place in many clinical settings. In addition, another study has
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shown a strong relationship between PROMIS PF scores and frailty
defined by both the FRAIL scale and the FFP.”

Adjusted analyses examined the association of each of the
frailty measures after controlling for age, sex, income, and SLE
duration. After adjustment, none of the measures was associated
with cognitive impairment. Otherwise, there were no substantive
differences in the results.

Among the frailty measures tested, the SLICC-FI was most
consistently associated with both cross-sectional and longitudinal
outcomes. However, it is also the most detailed measure and may
be the most difficult to perform in routine clinical settings or even
in some research settings. Additionally, the usefulness of a mea-
sure that categorizes such a high proportion of individuals as frail
as a way to identify those at risk or in need of intense intervention
is questionable. The SPPB’s lack of associations with important
outcomes suggests that it may not be the best measure of frailty
for SLE. In addition, the performance-based components of the
SPPB are unlikely to be feasible outside of clinical research set-
tings. Although the FFP was not tested in this study, the need
for performance-based measures likely also limits its broad
usability in SLE.

Both of the questionnaire-based methods, the FRAIL scale
and the PROMIS PF <40, appear to hold promise for use in SLE.
Further work is needed to identify the best cut-point for the FRAIL
scale in SLE. However, the consistency of findings between our
study and the previous SLE study’ provides evidence that the
FRAIL scale can be used as a parsimonious and valid proxy for
frailty as defined by both the phenotype approach (FFP) and the
deficit-accumulation approach (SLICC-FI). The PROMIS PF is
increasingly being used in rheumatology clinical settings and has
been recommended for use in clinical settings as a quality mea-
sure for SLE. In addition to tracking function among people with
SLE in general, very low scores could be used as a proxy for mea-
suring frailty and flagged as a marker for individuals who are at
particularly high risk of poor outcomes.

This study does have limitations. A longer follow-up time and a
larger number of participants may have yielded stronger associa-
tions with the frailty measures. However, during the three-year
follow-up period, a significant proportion of the cohort experienced
a poor health outcome—29.3% were hospitalized, 26.9% had an
increase in disability, and 14.2% had an increase in disease
damage—and at least one frailty measure was associated with
each of those outcomes. We were not able to conduct analyses
to examine the risk of death conferred by each frailty measure
because we did not have a sufficient number of deaths in the
cohort. Disease damage was assessed only once during the
follow-up period. Hospitalizations were self-reported in our cohort,
which may reduce the accuracy of ascertainment. Our cohort is
also a research cohort, not a clinical cohort, so the range of disease
severity may have been more limited. In addition, the sample size
for the analysis of the SPPB was smaller than that available for the
other measures, which may have affected the results.

In summary, multiple measures of frailty appear to be associ-
ated with the risk of poor health outcomes. Both the phenotypic
and the deficit-accumulation approaches to identifying frailty
appear to have value, and each has advantages and disadvan-
tages. van Onna and Boonen noted that the phenotypic
approach may be more useful in evaluating frailty interventions,
whereas the deficit-accumulation approach may be a more
robust predictor of outcomes because it includes information
from more domains and has a wider score range.®” Although we
found that both approaches functioned well as predictors of
outcomes, there are significant challenges to using both the
SLICC-FI and the SPPB. The SLICC-Fl is complex and requires
a significant amount of clinical input, whereas the SPPB
requires performance-based assessments. Questionnaire-based
methods, such as the FRAIL scale or the PROMIS PF, have fewer
barriers to implementation and use and appear to yield similar
information. Ultimately, the choice of measure may be based on
the intended use, as well as the simplicity and practicality of imple-
menting the measure.
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Lived Employment Experiences of Young Adults With
Childhood- and Adult-Onset Systemic Lupus Erythematosus:
A Multicenter Canadian Qualitative Study
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Objective. This study examined the lived employment experiences of young adults with childhood- and adult-
onset systemic lupus erythematosus (SLE).

Methods. Participants were recruited from three Canadian lupus clinics and asked to complete semistructured,
qualitative video/phone interviews. Interviews were transcribed verbatim and analyzed using thematic analysis. Partic-
ipants were recruited until consolidated thematic saturation.

Results. Twenty-one participants (median age: 27 years)—14 woman, 5 men, and 2 gender-nonconforming
individuals —were included. Thirty-eight percent had childhood-onset SLE. Seventy-one percent of the participants
were employed, 19% were looking for work, and 10% were not working and not looking for work. Qualitative analysis
revealed two themes. 1) “Maintaining control internally and externally”: Participants described how the ability to exer-
cise control over their symptoms (internally) and their job (externally) allowed them to gain and maintain employment.
2) “Tough choices: Health, then work and everything else”: Participants described challenges in maintaining a balance
among their health, other social responsibilities, and work because of their SLE-related limitations. Within this theme,
participants also offered advice on how others could best manage the conflicting demands on their time and energy,
which was summarized in a subtheme called “Recommendations for others— ‘take care of yourself first.””

Conclusion. When faced with the competing demands of their health (managing their SLE) and work, many young
adults with SLE choose to prioritize their health, sacrificing their work or social responsibilities. Efforts aimed at promot-
ing the employment success of young adults with SLE should inform individuals of these challenges and offer potential

coping strategies.
INTRODUCTION

Systemic lupus erythematosus (SLE) is a multisystem dis-
ease, affecting aimost any organ within the body with many possi-
ble manifestations. Each patient with SLE has a personal disease
with varying combinations of disease features and severity.
Patients with SLE are at risk of organ damage, which could
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adversely impact their quality of life and life spans.’ Although
effective treatments are available, treatments are not without
adverse effects.>® SLE or its treatment can result in permanent
alteration in organ function, ie, damage.?* At any time, >50% of
patients with SLE have either depression or anxiety.*® Disabling
fatigue, sometimes even without overt disease activity, also com-
plicates the course and quality of life of many patients with SLE.5"
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SIGNIFICANCE & INNOVATIONS

* The current study provides the first qualitative
investigation of the employment experiences of
young adults with both childhood- and adult-onset
systemic lupus erythematosus.

+ Participants described how exercising control over
both their symptoms and their job environment
helped them to gain and maintain employment.

+ However, even participants who were working
described experiencing trouble maintaining a good
balance among their health, work, and other social
responsibilities because of their lupus-related
symptoms.

+ Given these tensions, participants stressed the
importance of prioritizing one’s health by practicing
moderation in what they take on and by advocating
for a flexible work environment.

Employment is a core social determinant of health.? It is
important, not only for obvious financial reasons, but also as an
important means to access health care or drug benefits. In addi-
tion, employment is an important means of socialization, allowing
workers to build networks of social support. Becoming unem-
ployed is associated with worse self-rated physical and mental
health as well as worse quality of life.8°

Prior studies in employment among adult patients with SLE
showed that 46% to 51% were employed, whereas about one-
third were work-disabled or otherwise not working.'®"" Work
loss was found to be higher in participants with SLE compared
with controls in some studies, but not in others™'™'%; rates of re-
entry into the work force were lower in patients with SLE.""'2
Many factors have been identified to be associated with poorer
employment status, such as the presence of severe disease,
organ damage, cognitive dysfunction (memory issues), fatigue,
and mental health issues.’®>™'® There has also been some infor-
mation focused on the nature of the work that patients with SLE
do, eg, less autonomy and more physical exertion, that might be
associated with employment outcomes.'”

Young adulthood is a distinctive and important life stage
between 18 and 30 years of age.'® This is the time when many
individuals leave their family home, finish school, establish their
independence, and start their own careers and families. In social
studies, failure to establish employment during young adulthood
has been associated with a lifetime of financial difficulties.® It is
conceivable that having a devastating chronic disease such as
SLE could interfere with the ability of young adult patients to tran-
sition successfully through this life stage, not achieving the same
expected milestones as their peers.

Most previous studies of employment in SLE have not con-
sidered the life stage of the participants."'%'® This makes for
reduced clarity and difficult interpretations; the employment-
related options and potential for a young adult are understandably

different from an individual close to retirement. A few studies have
investigated the employment transitions of young adults with SLE
using survey methods; however, these samples have been com-
bined with patients with juvenile arthritis.’”2° Qualitative studies
in patients with rheumatoid arthritis assessing their lived employ-
ment experience have revealed additional aspects important to
patients that were not apparent from traditional physician directed
research.?’ We therefore undertook this qualitative study to
examine the lived employment experience of patients with SLE
during young adulthood.

METHODS

Study participants. All participants were diagnosed with
SLE according to the American College of Rheumatology (ACR)/
Systemic Lupus Erythematosus International Collaborating
Clinics (SLICC) 1997, SLICC 2012, or ACR/The European Alli-
ance of Associations for Rheumatology (EULAR) 2020 criteria by
their rheumatologists.?>* Participants with either childhood-
onset SLE (cSLE;<18 years) or adult-onset SLE (aSLE; >18 years)
were eligible to participate, but they had to be within the young-
adult life stage (18.0-30.0 years) at the interview. We recruited
all patients who were employment eligible, including young adults
who were primarily students because that is their life stage—
appropriate employment. However, upon analyzing the interview
data, we realized that the experiences of the students differed
considerably from the participants who were no longer in school.
Therefore, we analyzed the data from the students separately
from those primarily working. Findings from the nonstudent sam-
ple are reported herein, and results from the student sample are
to be described in a forthcoming manuscript. Participants were
not eligible to participate if they 1) were unable to understand
and speak English and/or 2) had severe preceding non—-SLE-
related physical and cognitive impairments that preclude full-time
employment, even in the absence of SLE.

Participants were recruited between August 2021 and
December 2022 from three adult rheumatology clinics in Canada:
The University of Toronto lupus clinic (Toronto Western Hospital),
the rheumatology clinic at Mount Sinai Hospital in Toronto, and
the rheumatology clinics at Health Sciences Centre in Winnipeg.
Eligible patients were identified before the clinic visits. Because this
study was conducted during the COVID-19 pandemic, patients
were approached according to their mode of visit. For in-person
attendance, patients were first approached by a research assis-
tant. For virtual (mostly phone) visits, patients were given a brief
overview of the study by their rheumatologist, and those who indi-
cated interest gave consent to be contacted by phone or email by
the study personnel. The study personnel explained the study, pro-
vided written materials about the study, and obtained consent
either in person or via email. This study was approved by the
research ethics boards of the University of Manitoba (REB
#HS23967[H2020:254]), SickKids Toronto (REB #100070980),
and the Toronto Western Hospital (REB #20-5390).
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Recruitment strategy. We aimed for equal recruitment of
patients with aSLE and cSLE, evenly distributed through various
age categories (18-20, 21-24, 25-27, and 28-30 years). In addi-
tion, the study population was purposively sampled to ensure
wide representation. The factors for sampling included 1) employ-
ment status; 2) sex, with an aim to oversample males; 3) disease
severity (major organ involvement [ie, central nervous system,
renal or nonserositis cardiorespiratory involvement] or not); and
4) occupation types (managers; technicians/associate profes-
sionals, clerical, service/sales workers, armed forces; skilled agri-
cultural, forestry/fishery, craft/trades, plant/machine operators,
elementary occupations).2® Participants were recruited until the-
matic saturation was reached.

Pre-interview questionnaire. After consent was given,
patients completed a pre-interview questionnaire that collected
the following information: demographics, gender roles, nature of
disease, pain and fatigue, employment status, nature of work
information, impacts of travel, and impacts of the pandemic. Par-
ticipants had the option of completing these steps using printed
forms or online via REDCap. Participants were required to com-
plete this step before proceeding to the qualitative interview.

For nature of disease, we collected information on the type of
onset (childhood or adult), history of severe disease as indicated
by major organ involvement and hospitalization (ever or recent
within two years), and self-reported worst SLE disease activity in
the three months before the interview. Self-reported disease
activity was measured using a 21-point numerical rating scale
(0-10, in 0.5-point increments).?® Pain related to SLE (within the
last week) and fatigue (within the last three months) were also
measured using the same numerical rating scale.

Nature of work information was collected using two mea-
sures: 1) items from the US Social Security Administration Survey
of Disability and Work (SDW) and 2) the Abbreviated Job Content
Questionnaire (AJCQ).272° The US Social Security SDW consists
of 15 items used to assess physical demands. Each item is
scored as: no (1), yes sometimes (2), or yes a lot (3). The
responses of all items were summed and then averaged.
The scores range from 1 to 3 with higher scores representing
higher physical demands.?” The AJCQ was used to assess the
contents and psychological and physical demands of work.2®
Fifteen items were scored according to four domains of skill dis-
cretion (SD), decision authority (DA), decision latitude (DL = SD +
DA), psychological job demands (PJDs), and physical exertion.

Quantitative analysis. Summary statistics were calcu-
lated: median (25th-75th percentiles) for continuous variables
and proportions/percentages for categorical variables. Tests
were performed in Excel.

Qualitative interviews with a semistructured guide.
The semistructured guide was created with input from qualitative

experts and patient partners and was divided into three sections;
the first and last sections were common to all participants, but the
questions contained in the second section were determined by
each participant’s employment status. The first section served
as an icebreaker, inviting participants to reflect on their experi-
ences and perceptions of their disease and to provide broad
information about their current work. The second section asked
questions about their perceptions of the influence of SLE on their
work status, the challenges associated with their work status,
and how SLE affected them in their role. The final section asked
about challenges and facilitating factors for their work status, per-
ceptions of other possible barriers beyond SLE (eg, gender and
race, as indicated by participants), their disclosure of the SLE
diagnosis, and plans for work.

Participants  were interviewed individually  between
September 1, 2021, and December 31, 2022, using video confer-
encing platforms (Microsoft Teams or Zoom Healthcare) or via the
phone, if video conferencing was not feasible and or preferred.
Three interviewers (masked for review) completed all the inter-
views in this study. All interviews were audio recorded.

Qualitative analysis. All interviews were transcribed ver-
batim by a professional transcription company. Afterwards, each
transcript was analyzed by thematic analysis by two of the three
interviewers (masked for review). In this approach, the analyst
organizes the data by applying short descriptions (ie, codes) to
relevant sections of text.% Once coding is complete, the analysts
look for broader patterns among the codes, which are referred to
as themes in the language of thematic analysis. Themes describe
broad patterns in the data related to the research question and,
unlike codes, which typically express one idea, contain several dif-
ferent aspects organized around a central concept.*° In the pres-
ent study, the three analysts worked independently but
concurrently, using NVivo version 1.6.1. The analysts began the
analysis by doing a preliminary coding of four interviews. Once
this was complete, they met to discuss their individual coding pro-
cess and reconcile differences in code descriptions. Through this
meeting, the analysts developed a codebook that informed the
coding of the subsequent interviews. During the coding phase,
the analysts met periodically to discuss their progress and revise
the codebook as necessary. When coding was complete, each
analyst developed a series of preliminary themes based on their
coding. The analysts then met to discuss their findings and to
reach a consensus on the content and names of the themes.

After this process, one analyst performed an exploratory
comparative analysis of the interviews by gender. As part of the
exploratory analysis, the transcripts were organized by gender,
reread, and recoded as necessary. Once this process was com-
plete, the analyst then looked for quantitative differences in the
allocation of codes among men, woman, and gender-
nonconforming participants by examining both the frequency with
which a particular code was used and the proportion of
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participants receiving that code. The analyst also looked for more
qualitative differences in the nature of the codes and themes
across the three genders.

RESULTS

Study participants. Forty-three individuals consented to
participate in the overall study (ie, student and nonstudent manu-
scripts). However, nine of the consenting individuals did not com-
plete the qualitative interview. Of these nine participants, only two
completed the pre-interview questionnaire. Given that the inter-
view was used to determine whether participant data were
included in the student sample or nonstudent sample (ie, reported
herein), we were unable to determine which of the noncompleters
were eligible for the current report.

In total, 21 participants were included in the final sample.
More than one-third had cSLE, and over half had major organ dis-
ease and required hospitalization for management. Self-reported
disease activity was low to moderate in the majority. See Table 1
for demographics and baseline clinical features of the
participants.

Of the 21 participants, 90% had completed high school, and
most had a postsecondary degree (67 %) or at least some post-
secondary training (81%). At the time of the interviews, 15 partici-
pants (71%) were employed, 4 (19%) were looking for work and
2 (10%) were not working and not looking for work. See Table 2
for a general overview of the work characteristics of the partici-
pants. Physical demands were moderate to high in the majority
of participants (Figure 1). PJDs were moderate to high. Most were
not in highly repetitive jobs (low to moderate SD) and had signifi-
cant decision authority and latitude (low to moderate DA and
DL). For a more detailed overview of participants’ job demands,
please see the tables contained in the supplementary materials.

Theme 1: Maintaining control internally and
externally. Above all, the ability to exercise control over one’s
symptoms (internally) and one’s job tasks (or work autonomy,
externally) was deemed by participants to be most important in
attaining and maintaining employment. Although both types of
control were necessary to ensure participants had the ability to
maintain employment, entering the workforce was predicated on
having adequate control over one’s disease. Most participants
reported that they had gained a considerable degree of control
over lupus with medications and by understanding their own
physical and mental capacities and disease triggers. This under-
standing did not come easy, however, because one’s limits were
only apparent once they were exceeded. Participants expressed
that exceeding their mental and physical limits led to exacerba-
tions of their SLE, but these experiences were important in dem-
onstrating their limits so that they could be respected in the future.

Beyond disease management, the occupational outcomes
of participants also appeared tied to their work autonomy, which

Table 1. Demographics and self-reported disease histories of
young adults with SLE*

Characteristics N =21
Median age in years (25th-75th percentile; min- 27 (23-29;
max) 19-30)
Sex, n (%)
Female 16 (76.2)
Male 5(23.8)
Gender, n (%)
Woman 14 (66.7)
Man 5(23.8)
Nonbinary/nonconforming 2(9.5)
Race, n (%)
Asian 8(38.1)
White 6 (28.6)
Indigenous and others? 7 (33.3)
Education, n (%)
Less than high school 2(9.5)
High school 2(9.5)
Some college/university 3(14.3)
College/university 10 (47.6)
Graduate degree 4(19.0)
Onset group, n (%)
Childhood onset (<18 years) 8(38.1)
Major organ involvement, n (%)
History of major organ involvement ever 12(57.1)
Recent” major organ involvement 6(28.6)
Hospitalization for SLE-related reasons, n (%)
History of hospitalization for SLE-related 11(52.4)
reasons
Recent® hospitalization for SLE-related reasons 5(38.1)
Reasons for recent hospitalization, number of
events
Flare of disease 6
Infection 3
Disease-related complications (eg, control of 4
disease, blood pressure)
Median pain score (25th-75th percentile; min- 3(1-6; 0-10)
max)
Median self-rated worst SLE disease activity inthe 4 (2-6; 0-10)

3 mo before interview (25th-75th percentile;

min-max)“
* SLE, systemic lupus erythematosus.
@ Others included multiracial individuals and those with African
origins; Filipino-Canadians were included within the Asian group.
b Recent denotes two years before the interview.
¢ Disease activity based on a 0 to 10 (0.5-point increments) visual
analog scale.

is the ability to exercise control over work tasks. Although partici-
pants exercised their autonomy in different ways, it was often
used to take breaks when experiencing mental or physical fatigue,
move and stretch at will, and to avoid temperature extremes. With
this autonomy, participants were better able to manage their
symptoms in the workplace, largely by ensuring they did not
exceed their limits through stress and strain (Table 3).

Remote work was also described in largely positive terms
because it provided participants even greater autonomy over
how they worked. For some, the flexibility afforded by remote
work was used to assume more comfortable working positions,
whereas others appreciated having some control over when they
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Table 2. Work characteristics of young adults with SLE*

Characteristics N =21
Current employment state, n (%)
Employed 15(71.4)
Unemployed 4(19.0)
Not working and not seeking work 2(9.5)

Work schedule before COVID-19, n (%)°

Regular office hours 4(26.7)

Shift work, flexible hours or locations 6 (40.0)

Not applicable 5(41.7)
Occupation groups

Managers and professionals 7(33.3)

Technicians/associate professionals, clerical 8(38.1)

support workers, service and sales workers,
armed forces

Skilled agricultural, forestry/fishery workers, 0(0.0)
craft and trades workers, plant/machine
operators/assemblers, elementary
occupations

Not working 6 (28.6)
Work schedule since COVID-19, n (%)?
Regular office hours 7 (33.3)
Shift work 6 (28.5)
Flexible hours or locations 2(9.5)
Median number of hours (25th-75th 40 (36.9-40)
percentile)®
Received accommodations at work due to 2(13.3)
lupus, n (%)°
Worked from home during pandemic, n (%)
Always 6 (40)
Worked from home before pandemic, n (%)®
Always 1(6.7)
Current personal income, n (%)
<$30,000 5(23.8)
$30,000-$59,999 7 (33.3)
>$60,000 5(23.8)
Not disclosed 5(23.8)
Median self-rated physical difficulty in getting to 0(0-1.5)

and from work® (25th-75th percentile)
Median difficulty created by the time required to 1(0-2)
commute to workP (25th-75th percentile)

US Social Security Administration Survey of 1.9(1.8-2.4)
Disability and Work,“ median (25th-75th
percentile)

Abbreviated Job Content Questionnaire, median

(25th-75th percentile)®

SD 24 (22-25)
DA 24 (20-26)
DL 46 (41-53)
PIDs 23(18.5-26.5)
PE 2 (1.5-4)

* DA, decision authority; DL, decision latitude; PE, physical exertion;
PJD, psychological job demands; SD, skill discretion; SLE, systemic
lupus erythematosus.

@ Calculated based on 15 currently working individuals; accommo-
dation information only available for those who were working at
the time of the interview.

b Seven-point Likert scale. The higher the number, the greater the
difficulty.

¢ Average of 15 items measuring physical demands. The higher the
score, the greater the physical demands.

d4SD: the higher the score, the more repetitive the work. DA: the
higher the score, the less authority. DL: the higher the score, the less
latitude. PJD: the higher the score, the fewer demands. PE: the
higher the score, the fewer the physical demands.

started their day. Like participants working in person, the auton-
omy afforded by remote work allowed workers to better manage
their intercurrent symptoms and physical and mental capacities,
to continue working.

By contrast, participants who had little autonomy over their
work conditions appeared to have greater difficulty staying
engaged with work. Typically, participants who had less auton-
omy over their job were those who were limited to jobs that
required less specialized training and were more physically
demanding. Although lupus was not described as a direct imped-
iment to obtaining employment, the demands of these physically
exhausting jobs would inevitably prove too great, in the absence
of opportunities to manage one’s symptoms, forcing the individ-
ual to seek another job or stop working. This was the case among
some of the participants who were not working at the time of the
interviews.

Theme 2: Tough choices—health, then work, and
everything else. Throughout the interviews, participants
described how lupus-related capacity limitations meant that they
often struggled to maintain a tenable balance between their health
and other competing responsibilities (eg, work and social roles).
Consequently, participants were forced to make the tough deci-
sions to sactrifice their work, social roles, or their health to balance
their competing needs. For working participants, maintaining this
balance could mean working fewer hours or avoiding more cogni-
tively or physically exhausting jobs. Even more commonly, how-
ever, participants chose to sacrifice household chores and
leisure activities to prioritize rest. In some cases, prioritizing rest
was described as a strategy to avoid overexertion and possibly
triggering SLE symptoms. For other participants, rest was the
only option because the rigors of the day left them exhausted.

For many, the ability to rest was partly facilitated by their fam-
ily, friends, and romantic partners, who took on a greater share of
the household duties. While few participants described this reli-
ance on their loved ones as causing strain in their relationships,
limitations in their ability to socialize were nevertheless described
as a source of dissatisfaction by some. Participants who were
not working experienced even greater dissatisfaction because
they were forced to prioritize their health at the expense of their
financial well-being and career goals. Participants who were not
currently looking for work because of their lupus still held out hope
that, by improving their disease control or seeking additional train-
ing, they might find a job that would allow them to strike a balance
between their desire for work and their health (Table 4).

Subtheme: Recommendations for others—‘“take
time for yourself.”. When asked what advice they would give
to other young adults with SLE regarding employment, many par-
ticipants emphasized how practicing moderation at work and at
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Figure 1. Psychosocial job characteristics of young adult participants with SLE as measured by the Abbreviated Job Content Questionnaire.
Distribution of job domains is presented by violin plots. The y axis denotes domain score, and x axis denotes individual domains. DA: the higher
the score, the less authority. PJDs: the higher the score, the less demands. SD: the higher the score, the more repetitive the work. DL: the higher
the score, the less latitude. PE: the higher the score, the fewer the physical demands. Note the different y axis scale of DL and PE compared with
SD, DA, and PJDs. The black dot denotes the median of domain score. Possible range of scores: i) 12-48 for SD, DA, and PJD; i) 24-96 for DL iii)
1-4 for PE. DA, decision authority; DL, decision latitude; PE, physical exertion; PJD, psychological job demands; SD, skill discretion; SLE, systemic
lupus erythematosus.

home could help ensure individuals had the capacity to manage fatigue, appropriately managing workplace stress, and taking rest
their competing demands. Participants described different ways days when necessary. Although these practices were deemed
of doing this, but most involved taking breaks when experiencing important for maintaining a healthy balance between one’s health

Table 3. Theme 1, qualitative codes, and supporting quotations of the lived employment experiences of young adults with SLE*

Theme and subthemes Code Representative quotes

Maintaining control Adaptation over time “Yes now | am so much better... after taking the medicine | was able to walk comfortably
internally and so [ started doing Yoga”—Woman, age 28, aSLE* (diagnosed at around age 25)
externally “[T]here were so many times that | probably put myself into completely avoidable flare-

ups by just not listening to my body and not listening to my doctor”—Woman, age 27,
aSLE (diagnosed at age 21)

The importance of flexibility “l am doing okay so far because it is just me. You are by yourself and you got a bunch of
carts to scan and you are on your own, kind of, and you can take breaks and then do
your work, you know, so | manage my day. It is not like your manager tells you can do
this cart first, do that cart first. So that is kind of, you know, in my hands when to do
what.”—Woman, age 27, aSLE (diagnosed at age 24)

“lwas like | can't do this, like my knees were always hurting, | can't really take breaks”—
Woman, age 22, aSLE (diagnosed at age 21)
COVID-19 led to a more “| don't think I've experienced much of a hindrance [because of lupus] because everything
flexible work environment has been very remote. However, the best part has been where I've been able to go in and
out whenever it's necessary that | can take half a day off very easily if I'm overly tired”—
Woman, age 24, aSLE (diagnosed at around age 20)

Stress and lupus “| have to be aware of flare-ups mainly and things that could trigger it such as like
increased stress or stuff like that, so [ just have to watch. | am the type of guy who gets
fairly stressed out, | have noticed, my parents have noticed as well, | tend to get stressed
out a lot, | guess | overthink things so | do have to watch that, but otherwise | feel like, |
feel pretty normal honestly it does not really affect me”—Man, age 24, aSLE
(diagnosed at age 18)

* aSLE, adult-onset SLE; SLE, systemic lupus erythematosus.
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Table 4. Theme 2, qualitative codes, and supporting quotations of the lived employment experiences of young adults with SLE*

Theme and subthemes

Code

Representative quotes

Tough choices: health, then
work and everything else

Change in aspirations

Limited job options

Lupus leaves little
energy for much
else

Social support—
friends and family

Hope, despite
disability

“I went and talked with other people trying to find ways to still do my profession even if it
might not be what |...like instead of practicing as a general practitioner maybe | could
specialize in something that would be less hands-on, it would be less strenuous for
me”—Woman, age 29, aSLE (diagnosed in third year of university)

“It [lupus] might limit you from very cut-throat environments, like start-ups, where you got
to work like 80-hour weeks. Lupus patients aren'’t really cut out for the kind of work, not
only is it a fatigue thing, but you probably can't dedicate your time as much...”—Man,
age 29, cSLE (diagnosed at age 11)

“It does end up making me very tired and sore, so | usually end up, like once I am done
with work, | usually just close my laptop and lie down for about 3-4 hours and | might
even just like fall asleep, but it's just not at that point it's like my body is so exhausted
that it just needs to rest.”—Woman, age 24, aSLE (diagnosed at around age 20)

“Well | mean my partner is a fantastic help, he does a lot. See part of the deal when we
moved to this apartment, because we did not have our own laundry unit, that he would
do all the laundry, but then when we moved...he ended up also doing most of the
dishes, he also does the Swiffer...So he is taking care of a lot of things and he is amazing,
like he takes care of me, he you know gets the groceries, he makes sure | take my pills if |
am being grumpy and trying to procrastinate”—Gender nonconforming, age 30,
aSLE (diagnosed at age 27)

“..once | get my lupus, like controlled, yes | am going to try and find work. It is probably
going to be physical labor work, unless | finish my schooling.”—Man, age 30, aSLE
(diagnosed at around age 22)

* SLE, systemic lupus erythematosus; aSLE, adult-onset SLE; cSLE, childhood-onset SLE.

and their job, it was apparent that implementing them could invite
a sense of shame for some, as participants tended to qualify their
statements about rest by underscoring the difference between
rest and laziness. In justifying the need for rest, participants
appeared to reframe rest as something indulgent to an investment
in oneself.

However, taking additional time to manage one’s symptoms
at work through breaks and pacing is often dependent on the
flexibility of one’s job and employer. This fact was not lost on
the participants, as some also stressed the importance of asking
for both formal and informal accommodations when employers
do not readily provide the flexibility that is necessary for managing
the symptoms of lupus (Table 5).

Gender comparisons. No major differences were found in
the themes across genders; however, it is interesting to note that
both gender-nonconforming participants reported finding sup-
port for their health- and work-related concerns in online commu-
nities. By comparison, only 3 of the 18 cisgendered participants
(17%) reported turning to online friends and communities for
support.

DISCUSSION

This is the first study to focus on the lived employment expe-
rience of young adults with SLE. Although most participants
wanted to continue working, this state required the coexistence

Table 5. Theme 2 subtheme, qualitative codes, and supporting quotations of the lived employment experiences of young adults with SLE*

Subtheme Code Representative quotes
Recommendations for others— Importance of “You need to make sure you have work-life balance, you need to allow yourself to disconnect
take care of yourself first moderation from work when you leave”—Woman, age 24, cSLE (diagnosed at age 10 or 11)
Reframing “Always take time to rest...| feel like a lot of people who are chronically ill can forget that, they
idleness can feel selfish taking time for themselves...you need to do it, it is for your health.”—

Woman, age 22, aSLE (diagnosed at age 21)

Importance of
advocacy

“Take the opportunity to take those rest days. Take those mental check-in days because you
will need them and you shouldn’t be afraid of realizing them and taking in those moments -
they'll make the rest of the times much easier.”—Woman, age 24, aSLE (diagnosed
at age 20)

“We can't will ourselves into being able-bodied and be able to function as a normal person.
We can’t force ourselves to do that, if you try, you will hurt yourself and you will burn out
and you need to find a job that will accommodate you and you need to ask for those
accommodations up front and if a workplace does not approve your accommodations or
starts treating you badly because of your disability put them on blast.”—Gender
nonconforming, age 30, aSLE (diagnosed at age 27)

* SLE, systemic lupus erythematosus; aSLE, adult-onset SLE; cSLE, childhood-onset SLE.
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of several factors, including optimal management of SLE, con-
stant self-management of symptoms, work autonomy, and hav-
ing supportive relationships to help them with dalily living. Most
participants reported making conscious efforts to prioritize their
health over other activities or social roles to continue working.
Surprisingly but importantly, the themes did not differ by gender.

To date, several studies have quantitatively examined work-
force participation and risk factors for work disability among
patients with SLE.®" However, few have focused on the lived
employment experiences of people with lupus. Previous qualita-
tive research had focused primarily on middle-aged adults with
SLE.®273* As such, the current study provides new insight into
the barriers and facilitators for employment among young adults
with SLE. These young adults are at an earlier stage of their
careers and have less experience and fewer resources to deal
with work challenges compared with older adults. Understanding
their unique barriers and facilitators will inform the development of
supports aimed at helping them enter and stay in the workforce,
which could, in turn, have impacts on subsequent socioeconomic
attainments.

Many participants reported making various sacrifices to their
social lives, daily routines, and careers to ensure they do not
exceed their physical and emotional limits to continue working.
In fact, exercising moderation at work and at home was deemed
so critical that many participants cited this as a key piece of advice
that should be provided to young adults with SLE before they
enter the workforce. Although previous studies have connected
SLE to social role restrictions, few have framed these as a proac-
tive strategy aimed at promoting a balance among one’s work,
health, and other social responsibilities.*>° Considering these
findings, young adults with SLE who are entering the workforce
should be encouraged to exercise mental and physical balance
whenever possible. However, these conversations should also
strive to address the guilt that can beset individuals when they
are engaged in activities that are not inherently productive
(eg, rest, leisure activities).

In addition to moderation, work autonomy was also found to
have an important influence on the work outcomes of partici-
pants. Work autonomy allowed participants the ability to modify
their job in response to their physical and mental states (especially
fatigue and pain) during work and thereby maintain employment.
Unsurprisingly, remote work (during the pandemic) was cited as
particularly beneficial because it afforded participants with control
over where, when, and how they chose to work. Given the accu-
mulating evidence that work autonomy is beneficial for patients
with chronic illnesses, it stands to reason that teens and young
adults with SLE should be counseled on the benefits of autonomy
to ensure they make an informed choice when deciding on a
career.'2333440 However, employers can also play a role in
improving the employment outcomes of individuals with SLE and
other chronic conditions by offering flexible working conditions,
including the option for remote work.

When discussing career options, it may be useful for young
adults with SLE to consider the relationship among education,
skills, and workplace autonomy. Findings from the current study
suggest that individuals with higher levels of education and more
specialized skills were better able to access positions that
afforded them greater latitude over their time and tasks. This find-
ing is consistent with previous research.*’ With this in mind,
young people with SLE may want to consider whether their edu-
cational plans place them in a position to obtain a career that pro-
vides them enough autonomy to manage their symptoms
throughout the workday.

Our study did not find gender differences in the work-related
experiences of young adults with SLE. Our study is the only one,
to our knowledge, that attempted to examine the effect of gender
on the lived employment experiences of young adults with SLE.
We wonder whether the lack of gender effect stems from the fact
that the participants are young and few had started their own fam-
ilies, as gender roles are often related to caregiving (eg, caring for
elderly or children).*>*® We recognize the numbers of men and
nonbinary gendered individuals in our study were small, and this
analysis is only exploratory. Given the well-recognized role that
gender plays in employment, the impact of gender in the employ-
ment of patients with SLE deserves to be studied as a primary
question in a larger study with more balanced gender groups.**

Given that SLE is more common in individuals from marginal-
ized racial/ethnic groups and in women, we also specifically
asked the participants whether they experienced any other per-
ceived barriers to their employment related to their race, gender
or other characteristics. This did not reveal any consistent trend.

Our study has limitations. Individuals with higher levels of
education were overrepresented. Approximately 90% of partici-
pants in the current sample had reported finishing high school.
This high school completion rate was similar to the 1000 Faces
of Lupus cohort of Canadian adult patients with SLE (~80%)
and the general Canadian population.*®~*” However, the propor-
tion of postgraduate degree holders was about double (19% vs
9%) that of the Canadian population. Although this finding is not
totally surprising because less educated patients are known to
be less likely to consent to research studies,*® the disproportion-
ate number of educated participants does mean that some cau-
tion is needed when generalizing the findings to individuals with
lower levels of education.

Given the relationship between education and work auton-
omy, it is also not surprising that most participants had jobs that
afforded them significant autonomy and were more skilled and
psychologically demanding but less physically demanding. Even
in this relatively high-achieving group, working was not easy. It is
conceivable that working is even more challenging for those with
less education, working less skilled and more physically demand-
ing jobs because they would probably have less autonomy in their
work. There remains a need for more qualitative investigations
into the employment experiences of less educated or skilled
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patients with SLE because their coping strategies and the abilities
to negotiate with employers will be different.

Our results may be more biased toward those with severe
disease because participants were recruited from university lupus
clinics. This should be borne in mind when interpreting our results.
About one-third of our participants had recent hospitalization. By
comparison, the 1000 Faces of Lupus Cohort patients had a
mean annual hospitalization rate of 7.6%.° Given that we were
aiming at a smaller subgroup (ie, young adults) of patients with
SLE, it was more efficient to focus our recruitment efforts to a
few centers with higher volumes of patients with SLE.

Our study provides insights into the lived work experiences
of young patients with SLE at the critical life stage of young adult-
hood. Although there was a lot of enthusiasm for work, many
participants struggled to balance all of their competing responsi-
bilities, forcing them to prioritize their health by sacrificing their
work, social responsibilities, or both. Efforts aimed at promoting
the employment success of young adults with SLE should inform
individuals of these challenges and offer potential coping strate-
gies to help mitigate them. Although many will likely come to learn
how to best balance their work, health, and social life in time, pro-
viding information on navigating SLE and work in an effective and
in a timely manner before workforce entry or soon after diagnosis
could aid in realistic career choices and life planning.
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Gout Flares After Stopping Anti-Inflammatory Prophylaxis:
A Rapid Literature Review and Meta-Analysis
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and Nicola Dalbeth”

Objective. The aim of this research was to determine how common gout flares are after ceasing anti-inflammatory
prophylaxis.

Methods. A rapid literature review and meta-analysis were undertaken. PubMed was searched from inception to
February 2024. Eligibility criteria included any clinical trial of people with gout with at least one arm starting or intensi-
fying urate-lowering therapy (ULT) with coprescription of anti-inflammatory prophylaxis and that had the percentage
of participants experiencing one or more gout flares reported during and after the period of prophylaxis. Random
effects meta-analyses were used to generate pooled estimates of the percentage of participants experiencing one or
more flares in each period.

Results. Six trials were included, together with aggregated, unpublished data from the VA STOP Gout trial (2,972
participants). Pooled random effects estimates of the percentage of participants having one or more gout flares were
14.7% (95% confidence interval [CI] 11.3-18.5%) during prophylaxis, 29.7% (95% CIl 22.9-37.0%) in the three-
month period after ceasing prophylaxis, and 12.2% (95% CI 6.8-19.0%) during the last study period. The mean dif-
ference in the percentage of participants having one or more gout flare while taking prophylaxis and immediately
after ceasing prophylaxis was -14.8.0% (95% Cl -21.2% to -8.5%; P < 0.0001). The mean difference
from the period immediately following prophylaxis discontinuation compared to the last study period was 16.0%
(P < 0.001). Sensitivity analyses indicated no material effects of prophylaxis duration, trial duration, ULT class, or
placebo arms.

Conclusion. Gout flares are common after stopping anti-inflammatory prophylaxis but return to levels seen during
prophylaxis. Patients should be cautioned about the risk of gout flares and have a plan for effective gout flare manage-

ment in the three months after stopping anti-inflammatory prophylaxis.

INTRODUCTION

Gout flares are common after starting or intensifying
urate-lowering therapy (ULT), leading to the recommendation
that anti-inflammatory prophylaxis should be coprescribed
during the initial period of ULT."™® Anti-inflammatory prophy-
laxis is usually prescribed as daily low-dose colchicine or non-
steroidal anti-inflammatory drugs (NSAIDs). The increase in
gout flares after starting ULT is thought to be due to the disso-
lution of monosodium urate (MSU) crystals secondary to
treatment-related reductions in serum urate levels. This is
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supported by evidence that the likelihood of experiencing a
gout flare after starting ULT is directly related to the magnitude
of the serum urate level reduction from baseline.* Although
gout flares paradoxically increase after starting ULT, with sus-
tained reduction in serum urate levels gout flares reduce and
cease, although this is delayed by many months or even years,
likely due to the slow dissolution and depletion of total body
urate stores.’

The recommmended duration of anti-inflammatory prophylaxis
has varied over time. In the 2012 American College of Rheuma-
tology (ACR) guidelines, anti-inflammatory prophylaxis was
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SIGNIFICANCE & INNOVATIONS

+ Gout flares are common after ceasing anti-
inflammatory prophylaxis, but with time they
return to levels seen while taking prophylaxis.

« For some individuals, longer periods of anti-
inflammatory prophylaxis may be required.

+ Patients should have a plan for effective gout flare
management in the three months after stopping
anti-inflammatory prophylaxis.

recommended for the greater of (1) a six-month duration,
(2) three months after achieving the target serum urate
level for individuals without tophi, or (3) six months after
achieving the target serum urate level, in which there has been
resolution of tophi previously detected on physical examina-
tion.® In the 2016 EULAR and 2017 British Society of Rheuma-
tology gout guidelines, anti-inflammatory prophylaxis for up to
six months was recommended.”? In the most recent 2020
ACR gout guidelines, anti-inflammatory prophylaxis was rec-
ommended for three to six months, with ongoing evaluation
and continued prophylaxis as needed if there were ongoing
gout flares.®

Most clinical trials examining the efficacy of anti-inflammatory
prophylaxis when starting ULT have been of short duration (12—
24 weeks)” and have not extended beyond the period of prophy-
laxis. However, a recent study with gout flares as the primary end
point examined low-dose colchicine compared to a placebo for
the first six months when starting allopurinol, with a further six
months of follow-up after colchicine or the placebo was discontin-
ued.® Although colchicine-treated participants experienced fewer
flares during active treatment, an unexpected finding from this
study was arise in the number of participants experiencing a gout
flare after stopping colchicine, which was not observed in partici-
pants receiving a placebo. Therefore, the net effect was no differ-
ence in the mean number of gout flares per month over the entire
12-month study period between those who received colchicine
and those who received a placebo.® The aim of this study was
to determine how common gout flares are after ceasing anti-
inflamsmatory prophylaxis and whether this varies by duration of
anti-inflammatory prophylaxis.

MATERIALS AND METHODS

A rapid literature review®'° and meta-analysis were under-
taken. Eligibility criteria included any clinical trial in people with
gout with at least one arm starting or intensifying ULT in which
anti-inflammatory prophylaxis was coprescribed and that had
the percentage of participants with at least one gout flare reported
both during and after the period of anti-inflammatory prophylaxis.
Ethical approval was not required.

PubMed was searched from inception to February 2024
using the individual names of ULTs (“allopurinol,” “febuxostat,”
“probenecid,” “benzbromarone,” “lesinurad,” or “pegloticase”
AND “gout”) and was limited to English language studies,
but not limited by year of publication. Titles and abstracts
were reviewed by one reviewer (LKS), and full texts were
independently reviewed by two reviewers (LKS and ND) for
data extraction. When data were not reported, an invitation
was sent to the study investigators requesting aggregated
unpublished data.

EndNote X9 software was used to manage records
retrieved from the PubMed search. A customized data extrac-
tion form created in Microsoft Excel was used to capture data
including total number of participants, male-to-female propor-
tions, mean (SD) age, type and doses of ULT, and type and
duration of anti-inflammatory prophylaxis. The percentage of
participants having at least one gout flare in three distinct obser-
vation periods was collected as follows: (1) just before stopping
anti-inflammatory prophylaxis, (2) within three months of stop-
ping anti-inflammatory prophylaxis, and (3) last period of trial
available. Duration of the observation periods was determined
by what was reported within the individual studies and thus
could not be standardized.

Statistical analysis. The point estimates of the percent-
ages of participants with one or more gout flares were trans-
formed using the arcsine square root transformation and
summarized using a random effects model."' The summarized
changes in the percentages were calculated as a risk differ-
ence for the studies reporting the relevant paired time periods
and were also pooled using a random effects model. Sensitiv-
ity analyses based on anti-inflammatory prophylaxis duration,
trial duration, ULT class, and excluding placebo arms were
undertaken. Analysis by different anti-inflammatory drugs (eg,
colchicine, NSAIDs) was not possible given that studies did
not report data stratified by type of anti-inflammatory drug
administered. Standard 1? statistics were used to test for het-
erogeneity of results among studies. All statistical analysis
were performed using MedCalc for Windows, version 19.4
(MedCalc Software).

RESULTS

Study selection. Literature searches revealed a total of
422 clinical trials. After duplicates were removed, titles of
330 clinical trials were reviewed, with 196 excluded. Abstracts
of 134 articles were reviewed, with 66 included for full-text
review. Of the 66 trials, 6 were included in the final analysis
(Figure 1). Aggregated unpublished data were also provided
from the VA STOP Gout trial,'® giving a total of seven
studies, which collectively included 2,972 participants starting
or intensifying ULT. The main reasons for exclusion were
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses flow chart of studies.

administration of anti-inflammatory prophylaxis for the entire
study period (n = 15), no reporting of gout flare data at any
time point (n = 9), no reporting of gout flares after anti-
inflammatory prophylaxis was ceased (n = 6), or gout flare
data reported in ways other than percentage of participants
with at least one gout flare (n = 3). Details of the seven trials
are outlined in Table 1. Trial duration ranged from 24 to
104 weeks and anti-inflammatory prophylaxis duration from
8 to 48 weeks. The majority of participants were male
(93.3%, range 84.0-98.8%) with a mean age of 53.0 years
(range of means 47.6-62.7 years). The duration of the obser-
vation three periods (1) just before stopping anti-inflammatory pro-
phylaxis, (2) within three months of stopping anti-inflammatory
prophylaxis, and (3) last period of trial available are shown in
Table 2.

Percentage of participants with at least one gout
flare during each of the three time periods. Pooled
gout flare data from each of the three time periods are shown in
Table 3 and Figure 2. During the period on anti-inflammatory pro-
phylaxis, the pooled random effects estimate of the percentage of
participants having at least one gout flare was 14.7% (95% confi-
dence interval [CI] 11.3-18.5%; I> = 83.6%). During the three-
month period after ceasing anti-inflammatory prophylaxis, the
pooled random effects estimate of the percentage of participants
having at least one gout flare was 29.7% (95% Cl 22.9-37.0%; I
= 92.4%). During the last period of the study, the pooled random
effects estimate of the percentage of participants having at least
one gout flare was 12.2% (95% Cl 6.8-19.0%; I° = 93.6%).

There was a significant mean difference in the percentage of
participants having at least one gout flare while taking anti-
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Details of the seven trials included in the analysis.

Table 1.

Trial duration

Total

Trial

Anti-inflammatory prophylaxis

LES (dose)
+allo

ALLO

FBX

Flare definition

Placebo

(weeks)

name

First author

Duration

weeks

Drug

NSAID or colchicine

Dose n
204

n
206

Dose

Up to 800 or

n

Dose

Requiring treatment

20

200

52

610

CLEAR 2

Bardin (2017)??

900

200

400

Requiring treatment

NSAID or colchicine

253

300

256
251
37

80

52

760

FACT

Becker (2005)*°

120
40

Not reported

14

Colchicine

38

153

Becker (2005)*4

40

80

38

120

Naproxen or colchicine 24 Confirmed by

157

157

40-80

314 104

Early

Dalbeth (2017)*°

investigator
Gaffo definition'® 2°

gout
STOP

2448

NSAID, colchicine or

468

<800

472

Up to

72

940

O'Dell (2022)"?

prednisone

Colchicine
Placebo

120

Gout

Self reported

24

100
100

<900
<900

52

200

Stamp (2023)%

12 Treatment for flare

No prophylaxis

9%

10-40

255 24

Fortune1

Yamanaka

required

2018)%7

Colchicine

95
50

40

No prophylaxis

40

inflammatory prophylaxis and soon after ceasing prophylaxis
(mean difference -14.8% [95% Cl -21.2% to -8.5%]; P <
0.0001; I? = 86.6%) (Figure 3). There was also a significant mean
difference in the percentage of participants having at least one
gout flare soon after ceasing anti-inflammatory prophylaxis com-
pared to the last period of the study (mean difference 16.0%
[95% Cl —9.2% to 22.9%)]; P < 0.001; I = 88.1%). However, there
was no difference between the percentage of participants having
a gout flare while on anti-inflammatory prophylaxis and during
the last period of the study (mean difference 3.0% [95% Cl
—-3.7% t0 9.7%]; P = 0.39; 1> = 91.1%).

Sensitivity analyses. Sensitivity analyses are shown in
Table 3. Despite considerable heterogeneity in the results, the
sensitivity analyses indicated no material effects of anti-
inflammatory prophylaxis duration, trial duration, ULT class, or
placebo arms on the results.

DISCUSSION

This meta-analysis has demonstrated that gout flares
are common after ceasing anti-inflammatory prophylaxis but
ultimately return to levels seen while taking prophylaxis
with time. These data have important clinical implications, indi-
cating that the period after stopping anti-inflammatory prophy-
laxis is a high-risk period for gout flares, and that for some
individuals, longer periods of anti-inflammatory prophylaxis
may be required.

The exact mechanism of the rise in gout flares after ceasing
anti-inflamsmatory prophylaxis is unclear. For those studies with a
shorter duration of anti-inflammatory prophylaxis, namely eight
weeks, it is possible this may relate to failure to achieve the target
serum urate level after such a short period of ULT. However, a
post hoc analysis of gout flares of three Phase 3 clinical trials of
febuxostat showed the rise in gout flares after the eight weeks
of anti-inflammatory prophylaxis occurred irrespective of whether
participants were above or below target serum urate level of
6 mg/dL."® A more recent post hoc analysis of the cardiovascular
safety of febuxostat or allopurinol in patients with gout also
reported that the rise in gout flares after the six-month period of
anti-inflammatory prophylaxis was present in all serum urate level
categories (<3.9, 4.0-5.9, 6.0-7.9, 8.0-9.9, and >10 mg/dL)."
Achieving meaningful reductions in gout flare is often delayed
months or even years after target serum urate goals are obtained,
S0 these results may simply reflect the natural history of the dis-
ease. However, in our original placebo-controlled trial, we did
not see a similar increase in gout flares in those participants who
received a placebo, suggesting other mechanisms are likely to
be important.®

Colchicine was the most frequently administered anti-
inflammatory prophylactic agent in the analyzed trials. Colchicine
prevents microtubule assembly, and thereby disrupts multiple
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Table 2. Duration of the three observation periods for each included study

Duration of the observation period (mo)

Taking Within 3-mo period after stopping Last period of the

First author prophylaxis prophylaxis trial
Bardin et al,*? 2 2 2
Becker et al,* 0.75 0.75 0.75
Becker et al,”* 0.5 0.5 Not available
Dalbeth et al,*® 6 7 8
ODell et al,"? 3 3 3
Stamp et al,® 2 3 35
Yamanaka et al,?’ 3 3 33
Median duration 2.0 2.0 2.0
Mean duration 2.0 3.1 3.1

proinflammatory pathways involved in the pathogenesis of gout
flare. Specifically, colchicine inhibits inflammasome activation,
NF-kB expression, inflammatory cell chemotaxis, mast cell
degranulation, generation of leukotrienes and cytokines, and
phagocytosis.'® Colchicine has been demonstrated to reduce
leukocyte counts in synovial fluids from people with intercritical
gout despite the presence of MSU crystals.'® Recognizing that
intraarticular MSU crystals can persist for months after the target
serum urate level is achieved, particularly for people with a longer
history of gout,’” it is possible that colchicine discontinuation
allows for inflammatory responses generated from resident or
migrating cells targeting MSU crystals.

The optimal duration of anti-inflammatory prophylaxis has
not been determined. Whether a longer period of prophylaxis
would reduce these “rebound flares” is uncertain. MSU crystals
can remain in joints for many months after achieving the target
urate level, and the prolonged administration of colchicine may
best be targeted to those who are at a higher risk of flare when
the colchicine is discontinued. In this regard, we have shown that
those people more likely to flare after stopping colchicine have
had at least one flare in the month before stopping the study drug
(odds ratio [OR] 5.39, 95% CI 2.21-13.15), and serum urate
>0.36 mmol/L at month 6 (OR 2.85, 95% Cl 1.14-7.12)."® Given
gout flares are the core element of the disease from the patient

Table 3. Pooled estimates and 95% Cls for the three periods for both the primary and sensitivity analyses*

Taking Within 3-mo period after Last period of the Number of
prophylaxis, stopping prophylaxis, study, percent studies excluded
percent (95% Cl) percent (95% Cl) (95%Cl) (reference)
Primary 14.7 (11.3-18.5) 29.7 (22.9-37.0) 12.2 (6.8-19.0) 0
analysis
Sensitivity
analyses
Prophylaxis 14.0(9.7-19.1) 34.3(283-40.7) 8.4(5.9-11.4) )
<12 wk
only
Prophylaxis ~ 15.5(10.3-21.6) 25.1 (14.5-37.5) 14.1 (6.6-23.9) 2 (2324
>12 wk
only
Short trial 10.9 (6.5-16.2) 36.8 (29.3-44.7) B (12222272
<4 wk
Long trial 15.7 (11.7-20.2) 27.7 (20.0-36.2) 12.2 (6.8-19.0) 149
>4 wk
Lesinurad 15.1(11.1-19.6) 32.8(26.0-39.9) 13.9 (7.4-22.0) 1(%%)
excluded
Placebo 14.7 (11.2-19.2) 29.6 (22.0-37.7) 11.8(6.0-19.1) 2 (342
arms
excluded
All three 15.4(11.2-20.2) 28.7(20.43-37.7) 12.2 (6.8-19.0)
time
points
available

* Cl, confidence interval.
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Figure 2. Pooled random effects estimate of the percentage of par-
ticipants having one or more gout flares at each of the three time
points.

perspective, it is likely that anything to reduce flares will be well
accepted by people with gout. Further studies to determine the
optimal duration of anti-inflammatory prophylaxis will be required,
and it is important that future trials of new and old therapies are
designed to include the period after prophylaxis ends to deter-
mine the effect on rebound flares.

Study strengths include the large sample size, the range
of ULT agents administered, and consistent reporting of the
gout flare outcome. Limitations include the way in which gout
flares were defined and reported. Although there is a validated

Bardin (22) ALLO
Bardin (22) LES 200
Bardin (22) LES 400
Becker (23) FBX 80
Becker (23) ALLO 300

Becker (23) FBX 120

definition of gout flares, '® this has not been consistently used in
clinical trials, with most trials using self-reported flare requiring
treatment as the definition.?®! The capture of gout flare data is
subject to recall bias, and the reporting of gout flares is inconsis-
tent across clinical trials, which led to many studies being
excluded from this analysis and likely contributed to the large
variation in flare rates across the studies.?®?' The I test indi-
cated significant heterogeneity among study results, which did
not reduce with the sensitivity analysis, indicating the heteroge-
neity is not explained by the study characteristics; however, the
results were consistent across studies. We were unable to ana-
lyze the effects of different anti-inflammatory agents, varying
duration of anti-inflammatory prophylaxis, ULT, and the postpro-
phylaxis period. The duration of the observation period was not
standardized across studies, but within each study the duration
of the observation period was relatively consistent. Finally,
adherence with anti-inflammatory prophylaxis was not uniformly
reported, and the severity of gout flares occurring at each time
period was not reported.

In conclusion, gout flares are common after stopping anti-
inflansnmatory prophylaxis but, with time, return to levels seen dur-
ing prophylaxis. People with gout should be cautioned about the
risk of gout flares and have a plan for effective gout flare manage-
ment in the three months after stopping anti-inflammatory
prophylaxis.

Becker (24) FBX 40

Becker (24) FBX 80

®

Becker (24) FBX 120

Becker (24) Placebo

Dalbeth (25) FBX 40-80

Dalbeth (25) Placebo

O'Dell (12) FBX/ALLO

Stamp (8) ALLO

‘Yamanaka (27) FBX 40

Total (random effects)

Flare difference

Figure 3. Forest plot of individual studies and pooled random effects showing the change in the percentage of participants having a gout flare
while taking anti-inflammatory prophylaxis and soon after ceasing prophylaxis. ALLO, allopurinol; FBX, febuxostat; LES, Icaresesinurad.
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BRIEF REPORT

Relationship Between Gout Flare States and
Patient-Reported Outcomes After Allopurinol
Initiation

Lisa K. Stamp," ¥/ Chris Frampton,? Sarah Stewart,> (* Keith J. Petrie,* ©*) N. Lawrence Edwards,” Angelo Gaffo,®

and Nicola Dalbeth’

Objective. Gout flares are the most important clinical feature of the disease. A hypothetical maximum flare occur-
rence in the preceding six months has been suggested to be no flares for a patient-acceptable symptom state
(PASS) and only one flare for low disease activity (LDA). The aim of this analysis was to determine the relationship
between gout flare states (PASS, LDA, and not in LDA or PASS [non-LDA/PASS]) and patient-reported outcomes.

Methods. Post hoc analyses of variance were undertaken using data from a 12-month randomized controlled trial
involving 172 people with gout, which compared low-dose colchicine to placebo for the first 6 months while starting
allopurinol with a further 6-month follow-up. Self-reported gout flares were collected monthly. Health Assessment
Questionnaire (HAQ) and EuroQol 5-domain (EQ-5D-3L) were completed at 0, 3, 6 ,9, and 12 months, and the gout-
specific brief iliness perception questionnaire (BIPQ) was collected at months 0, 6, and 12.

Results. In the final six months of the study, 68 participants (38%) were classified as being in PASS, 34 (19%) as in
LDA, and 77 (43%) as non-LDA/PASS. There was no association between gout flare states and EQ-5D-3L or HAQ.
There was a statistically significant association between three of eight BIPQ items with increasing consequences, iden-
tity, and concern scores across the three states of PASS, LDA, and non-LDA/PASS.

Conclusion. The majority of people were able to achieve gout flare PASS or LDA in the second six months after
commencing allopurinol. As flare burden increases, so does the impact of gout on the patient. These findings highlight

the importance of flare prevention in the management of gout.

INTRODUCTION

Gout flares are the most important clinical feature for people
who have gout. Gout flares affect just about every aspect of life
including physical, psychological, social and family life.! Prevention
of gout flares is therefore a key goal of management for both health
care providers and people with gout. Despite this, the majority of
studies of urate-lowering therapies have used serum urate (SU) as
a “surrogate’” measure for gout flares.2® However, the burden of
gout flares is multifaceted and includes the number of flares as well
as the severity of each individual flare. Defining the overall flare
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burden for people with gout has been challenging because of vari-
able reporting and lack of a validated flares severity definition.

Low disease activity (LDA) has been defined as “a useful tar-
get of treatment by both physician and patient, given current
treatment possibilities and limitations.”*  Patient-acceptable
symptom state (PASS) has been defined as the “value beyond
which the patient feels well,“® that is, a tolerable level of symp-
toms for the individual. In 2021, Taylor et al® recruited 512 partici-
pants who answered questions about their gout flares that would
classify them into one of three gout flare states: () remission,
defined as an affirmative response to the question, “Considering
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SIGNIFICANCE & INNOVATIONS

+ Flare prevention and treatment are critical aspects
of gout management.

+ As gout flare burden increases, so does the impact
of gout on the patient.

* Most people commencing allopurinol are able to
achieve gout flare patient-acceptable symptom
state or low disease activity in the second six
months of treatment.

the number of attacks (flares) that you have had over the last [6 or
12] months, do you think your gout has gone away?”; (i) LDA,
defined as a negative response to the question, “Considering
the number of attacks (flares) that you have had over the last
[6 or 12] months, do you think you need more or stronger treat-
ment?”; or (i) PASS, defined as an affirmative response to the
question, “Considering the number of attacks (flares) that you
have had over the last [6 or 12] months, would you say that your
gout control is currently satisfactory?” Participants also reported
the hypothetical maximum number of flares that they could expe-
rience over 6 and 12 months and still consider themselves to be in
the associated disease activity state. Based on these data, partic-
ipants in LDA reported a median (interquartile range [IQR]) of
1 (0-2) flares and those in PASS 0 (0-1) flares in a six-month
period. Similar results were observed over a 12-month period,
with participants in PASS reporting a median (IQR) 0 (0-2) flares
and in LDA 1 (0-2) flares.® Whether LDA and PASS are associ-
ated with patient-reported outcomes is unknown. The aim of this
analysis was to determine the relationship between gout flare
states (PASS, LDA, and not in LDA or PASS [non-LDA/PASS])
and patient-reported outcomes.

METHODS

Post hoc analyses of the 12-month “Is colchicine prophylaxis
required with start-low go-slow allopurinol dose escalation in
gout?” noninferiority randomized controlled trial were undertaken
(ACTRN 12618001179224). Detailed methods and results of the
full trial have been reported previously.” In brief, this was a one-
year double-masked placebo-controlled noninferiority trial with
participants randomized 1:1 to colchicine 0.5 mg daily or placebo
for the first six months. All participants were required to have at
least one gout flare in the preceding six months. All participants
commenced allopurinol, increasing monthly to achieve target
urate <0.36 mmol/L. The starting dose of allopurinol was 50 mg
daily in those with estimated glomerular filtration rate (eGFR) <60
mL/min/1.73 m? and 100 mg daily in those with eGFR >60
mL/min/1.73 m?. Allopurinol dose was increased monthly by
50 mg daily in those with eGFR <60 mL/min/1.73 m? and
100 mg daily in those with eGFR =60 mL/min/1.73 m? until serum
urate was <0.36 mmol/L for three consecutive visits. Ethical

approval was obtained from the Health and Disability Ethics Com-
mittee, New Zealand (18/STH/156), and all participants provided
written informed consent.

Participants were seen every three months by study coor-
dinators with intervening monthly telephone assessments. Gout
flares, defined as self-reported gout flares requiring treatment
were recorded at each assessment. Participants were catego-
rized into three disease burden states at month 6 and month
12 as follows: () PASS, no gout flares in the preceding six
months; (i) LDA, one flare in the preceding six months; and
(i) non-LDA/PASS, more than one gout flare in the preceding
six months. Participants were also classified into these three
disease states based on the whole 12-month study period.
The Health Assessment Questionnaire (HAQ), EuroQol-5D-3L
(EQ-5D-3L) questionnaire, and the gout-specific brief illness
perception questionnaire (BIPQ)® were collected at months
0, 6, and 12.

The baseline demographics and clinical features are summa-
rized as means or medians with SDs or IQRs and frequencies and
percentages for categorical measures. No missing data were
imputed. The percentages of patients in the disease state groups
were compared among randomized groups within each time
interval using chi-square tests. The patient-reported outcome
measures were compared among the disease state groups at
each time using a one-way analysis of variance. To adjust for the
multiple comparisons within each time interval, the P values pre-
sented are calculated using the Bonferroni adjustment.

RESULTS

Of the 200 participants enrolled, there were 183 remaining in
the study at month 6 and 172 at month 12. The baseline demo-
graphics and clinical features of the 200 participants are outlined
in Supplementary Table 1. Of the participants, 93% were male
and had a mean = SD age of 56 + 15.7 years. The mean = SD
duration of gout before study entry was 11.2 + 10.1 years, and
the median (IQR) number of flares in the six months before study
entry was 2 (2-4).

Disease activity states. Participants changed states
between differing time periods depending on the number of flares
they experienced. Over the entire 12-month study period, 32 par-
ticipants (17.9%) were classified as being in PASS, 25 (14.0%) as
in LDA, and 122 (68.2%) as non-LDA/PASS. In the first 6 months
of the study, 61 participants (31.9%) were classified as being in
PASS, 37 (19.4%) as in LDA, and 93 (48.7%) as non-LDA/PASS.
In the final 6 months of the study, 68 participants (38%) were clas-
sified as being in PASS, 34 (19%) as in LDA, and 77 (43%) as non-
LDA/PASS (Figure 1). There was no significant difference among
randomized groups with respect to the proportion of participants
fulfilling each of the 3 states in either the first or last 6 months or
over the entire 12-month period.
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Figure 1. Percentage of participants in each disease state by ran-
domization. LDA, low disease activity; PASS, patient-acceptable
symptom state.

Association between disease activity states and
patient-reported outcomes. There was no association
between gout flare states and the EQ-5D-3L or HAQ (Table 1).

There was a statistically significant association between three of
the eight BIPQ items, namely, consequences, identity, and con-
cern scores, with a gradient of increasing scores across the three
states of PASS, LDA, and non-LDA/PASS at both months 1 to
6 and 7 to 12 (Table 1). Results were similar when PASS/LDA
were combined and compared with non-LDA/PASS (Table 2).

DISCUSSION

Herein, we have shown that people with gout can achieve
both gout flare LDA and PASS, but it is hard within the first year
of urate-lowering therapy (ULT), and 6 months of colchicine treat-
ment does not lead to improvements in gout flare states in the
12 months after starting ULT. Importantly, the gout flare states
PASS, LDA, and non-LDA/PASS were consistently associated
with three BIPQ domain scores increasing—consequences, iden-
tity, and concern—validating the impact of these gout flare states
on people with gout.

Table 1. Association between PASS, LDA, and non-LDA/PASS and BIPQ items, EQ-5D-3L, and HAQ*

LDA Non-LDA/PASS P value
Months 1-6
Participants, n 35 90
Consequences (10, severely affected) 14+26 1.6+27 30+28 0.002
Timeline (10, forever) 6.2+42 75+34 74+36 1.0
Personal control (10, extreme amount) 82+25 86+1.6 80+22 1.0
Treatment control (10, extremely helpful) 9.0+20 88+23 88+1.9 1.0
Identity (10, many severe symptoms) 1.7+£26 1.8+£19 34+29 <0.001
Concern (10, extremely concerned) 21+28 34+29 40+35 0.033
Understanding (10, very clearly) 77+26 8.1+2.1 82+2.1 1.0
Emotional response (10, extremely affected) 1.8+29 20+25 27+32 1.0
EQ-5D-3L 091+0.17 095+0.12 0.89+0.16 0.56
HAQ 0.19 £ 0.44 0.15+0.40 0.18 + 0.41 1.0
Months 7-12
Participants, n 31 75
Consequences (10, severely affected) 1.1+2.1 15+19 27+27 0.006
Timeline (10, forever) 75+36 72+36 83 +3.1 1.0
Personal control (10, extreme amount) 84+25 87+12 82+22 1.0
Treatment control (10, extremely helpful) 89+23 89+20 92+15 1.0
Identity (10, many severe symptoms) 08+13 1.7+£19 28+26 <0.001
Concern (10, extremely concerned) 19+29 36+34 3.8+33 0.016
Understanding (10, very clearly) 84+19 86+19 86+20 1.0
Emotional response (10, extremely affected) 14+23 26+29 17+25 1.0
EQ-5D-3L 093+0.13 093+0.14 0.90+0.16 0.98
HAQ 0.18 £ 0.38 0.12+0.30 0.18 £ 0.41 1.0
Months 1-12
Participants, n 23 118
Consequences (10, severely affected) 1.1+20 1.0+19 22+26 0.14
Timeline (10, forever) 76+35 71 +36 80+34 1.0
Personal control (10, extreme amount) 81+29 89+19 84+21 1.0
Treatment control (10, extremely helpful) 83+29 88+23 92+14 0.59
Identity (10, many severe symptoms) 0.5+0.96 08+1.2 23+24 <0.001
Concern (10, extremely concerned) 21+30 17+24 35+34 0.09
Understanding (10, very clearly) 82+1.8 84+22 86+19 1.0
Emotional response (10, extremely affected) 13+24 14+24 20+26 1.0
EQ-5D-3L 094+0.13 0.97 +£0.09 0.90+0.15 0.90
HAQ 0.22+042 0.07 +0.26 0.18 +0.39 1.0

* Data presented are mean * SD, and P values are Bonferroni corrected. BIPQ, brief iliness perception question-
naire; EQ-5D-3L, EuroQol 5-domain; HAQ, Health Assessment Questionnaire; LDA, low disease activity; PASS,

patient-acceptable symptom state.
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Table 2. Association between PASS/LDA and non-LDA/PASS and BIPQ items, EQ-5D-3L, and HAQ*

PASS/LDA Non-LDA/PASS P value
Months 1-6
Participants, n 93 90
Consequences (10, severely affected) 15+26 30+28 0.002
Timeline (10, forever) 6.7+40 74+35 1.0
Personal control (10, extreme amount) 83+22 80+22 1.0
Treatment control (10, extremely helpful) 89+2.1 88+19 1.0
Identity (10, many severe symptoms) 1.7+24 34+29 <0.001
Concern (10, extremely concerned) 26+30 40+35 0.03
Understanding (10, very clearly) 79+24 82+2.1 1.0
Emotional response (10, extremely affected) 19+27 27+32 0.47
EQ-5D-3L 0.92+0.15 0.89+0.16 0.50
HAQ 017 +042 0.18 £ 0.41 1.0
Months 7-12
Participants, n 97 75
Consequences (10, severely affected) 13+£20 27427 0.001
Timeline (10, forever) 74+36 83+3.1 0.70
Personal control (10, extreme amount) 85+22 82+22 1.0
Treatment control (10, extremely helpful) 89+22 92+15 1.0
Identity (10, many severe symptoms) 1.1+£15 28+26 <0.001
Concern (10, extremely concerned) 24+32 38+33 0.08
Understanding (10, very clearly) 85+19 86120 1.0
Emotional response (10, extremely affected) 18+25 17+25 1.0
EQ-5D-3L 0.93+0.13 090+0.16 0.41
HAQ 0.16 + 0.36 0.18 + 0.41 1.0
Months 1-12
Participants, n 54 118
Consequences (10, severely affected) 1.1+20 22+26 0.04
Timeline (10, forever) 74+35 80+34 1.0
Personal control (10, extreme amount) 84+25 84+2.1 1.0
Treatment control (10, extremely helpful) 85+26 92+14 1.0
Identity (10, many severe symptoms) 0.7+£1.1 23+24 <0.001
Concern (10, extremely concerned) 19+28 35+34 0.026
Understanding (10, very clearly) 83+20 86+19 1.0
Emotional response (10, extremely affected) 13+24 20+26 1.0
EQ-5D-3L 095+0.12 090+0.15 0.11
HAQ 0.16 +0.37 0.18 +0.39 1.0

* P values are Bonferroni corrected. BIPQ, brief iliness perception questionnaire; EQ-5D-3L, EuroQol 5-domain;
HAQ, Health Assessment Questionnaire; LDA, low disease activity; PASS, patient-acceptable symptom state.

Of note, the HAQ-Il and EQ-5D-3L were not associated with
gout flare states. Although activity limitation is recognized as an
important outcome in gout studies, it has been noted that the
HAQ-II has significant floor effects, which limits its ability to differ-
entiate the spectrum of disability in people with gout.®'° Neither
the HAQ nor EQ-5D-3L are specific for gout and may reflect the
impact of comorbidities that are commonly associated with gout.
Previous studies have reported an association between the num-
ber of gout flares and the gout-related Health-Related Quality of
Life Gout Impact Scale, but not the HAQ-Disability Index." In
another study, participants with inadequately controlled gout
(defined as SU >0.36 mmol/L or >2 flares in the previous
12 months) had worse health-related quality of life as measured
by EQ-5D-3L compared with those with adequately controlled
gout (defined as SU <0.36 mmol/L and O flares in the previous
12 months) (EQ-5D-3L 0.790 vs 0.877; difference —0.087;
P <0.001)." However, we were unable to show a similar associa-
tion with the different gout flare states.

It is important to note that the study population was 93%
male. Although this reflects a typical gout trial population, women
often experience higher disease severity, have more negative ill-
ness perceptions, and experience higher impact on daily
activities.’>"* Although the number of women in our study were
too small to enable analysis by gender, we would expect the
observed effects to be even more pronounced in women.

These data contribute to our understanding of the impact
and burden of gout flares in people with gout, highlighting their
concern about this core clinical manifestation of the disease. In
the long term, excellent serum urate control is important. How-
ever, it is also essential that health care professionals support
people with gout to prevent and manage flares as a core part of
gout management.

Strengths of this study include the standardized study proto-
cols, prospective gout flare event ascertainment, and use of out-
comes of relevance to patients. Limitations include some loss to
follow-up, albeit minimal; the use of subjective assessments; and
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the short study design, which did not allow for assessment
beyond one year. It is well recognized that gout flares can para-
doxically increase after starting ULT. Given this peak in flares after
starting ULT, it is not surprising that LDA and PASS are hard to
achieve in the first six months of starting ULT even with anti-
inflamlmatory prophylaxis with colchicine. Over time, there is a
gradual reduction in gout flares such that, by the second year of
ULT, if target serum urate is achieved, flares may cease altogether
or occur less frequently.® Thus, it is likely that longer trials beyond
12 months are required to see the full effect of ULT on achieve-
ment of the disease activity states. Finally, we did not asked par-
ticipants in the study whether they considered that their flare
frequency aligned with the ascribed disease state.

The majority of people (57%) were able to achieve PASS or
LDA in the second six months after commencing ULT. As the flare
burden increases, so does the impact of gout on the patient.
These findings highlight the importance of flare prevention in the
management of gout.
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Objective. Habitual movement compensations, such as decreased surgical peak knee extension moments
(PKEM), persist years after total knee arthroplasty (TKA), are linked to poorer recovery, and may influence contralateral
osteoarthritis progression. The purpose of this randomized clinical trial was to determine if a movement training
program (MOVE) improves movement quality and recovery after TKA compared to a standardized rehabilitation
program without movement training (CONTROL).

Methods. One hundred thirty-eight individuals were randomized to either MOVE or CONTROL groups after TKA.
Participants were assessed preoperatively, 10 weeks after (end of intervention), and six months after (primary endpoint)
TKA. Outcomes assessed were pKEM during walking, six-minute walk test, stair climb test, 30-second sit to stand test
(80STS), timed up and go test (TUG), physical activity level, strength, range of motion, and self-reported outcomes.

Results. At six months, there were no between-group differences in surgical pKEM during walking (primary outcome).
The MOVE group exhibited less contralateral pKEM compared to CONTROL during self-selected gait speed (d = 0.44,
P =0.01). CONTROL performed better on TUG and 30STS at 10 weeks (P < 0.05), but differences attenuated at six months.

Conclusion. The MOVE intervention did not lead to improved surgical pKEM during walking after TKA compared to
CONTROL. However, the MOVE group did demonstrate less contralateral pKEM during walking. The CONTROL
group demonstrated faster recovery on the TUG and 30STS, but it is unknown if this is due to improved recovery in

the surgical knee or increased movement compensation relying on contralateral knee function.

INTRODUCTION

Total knee arthroplasty (TKA) is the most commonly
performed surgical procedure in older adults in the United States,
with projections of 3.5 million performed annually by 2040."2
Although a majority of patients report improved pain and self-
reported function after unilateral TKA, movement compensations
developed before surgery often persist years after surgery.>®
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These compensatory movement patterns, observed during walk-
ing and other weight-bearing tasks, are characterized by disuse of
the surgical imb, resulting in decreased weight-bearing and smaller
knee extension moments on the surgical limb compared to the
contralateral limb. Compensatory movement patterns following
unilateral TKA are associated with persistent quadriceps weak-
ness and poor physical function.®® In addition, they may also
be linked to the progression of knee osteoarthritis (OA) and
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SIGNIFICANCE & INNOVATIONS

* This randomized clinical trial investigated the
effects of a novel movement training program
(MOVE) that used real-time biofeedback delivered
via a smart phone application from wearable insole
sensors. The MOVE intervention focused on move-
ment pattern training during dynamic functional
tasks in both the clinical and home settings after
total knee arthroplasty (TKA).

« The MOVE intervention did not lead to improved
surgical knee extension moments during walking
after TKA compared to a program without move-
ment training (CONTROL). However, the MOVE
group exhibited lower peak knee extension
moments on the contralateral knee during walking
after intervention compared to the CONTROL
group, which may influence contralateral osteoar-
thritis (OA) progression.

+ Future research will examine additional biome-
chanical tasks beyond walking and the long-term
effects of the MOVE intervention on movement
quality and contralateral OA progression.

subsequent need for TKA in the contralateral limb, by creating
compensatory, increased loading on the contralateral
knee.®®'* Thus, failure to adequately remediate movement
compensations after unilateral TKA may lead to long-term
weakness, poor physical function, and increased risk for con-
tralateral OA progression.

Traditionally, rehabilitation protocols after TKA have focused
primarily on remediation of impairments in pain, range of motion,
and strength but do not specifically include movement pattern
training to address compensatory movement strategies.'® Pre-
liminary research has demonstrated that individuals who received
movement pattern training, using weight-bearing biofeedback
combined with therapist cuing to reduce movement compensa-
tion, improved physical function and strength recovery to a
greater degree than those who received only traditional rehabilita-
tion without movement pattern training.'®"” Additionally, move-
ment pattern training groups demonstrated greater increases in
surgical peak knee extension moments (pKEM) during walking
and rising from a chair, indicating improved use of the surgical
knee during common daily functional tasks. Notably, improve-
ments in the movement pattern training group were even stronger
at six months (4.5 months after intervention), suggesting a lasting
change in movement control may have occurred.

Prior movement pattern interventions have been delivered
through the use of bilateral force plates that offer biofeedback
on limb symmetry during the performance of functional tasks
or games.'®"” Although these interventions allow therapists to
retrain movement patterns and encourage symmetrical limb use,
they are limited in their scope of use. Force plates require con-
strained foot positions and do not easily allow for biofeedback

on more dynamic tasks, such as walking, or allow for feedback
outside of the laboratory/clinical setting. In recent years, advances
in technology have led to the development of insole force sensors
capable of giving real-time biofeedback via a smart phone appli-
cation that enable movement pattern training during dynamic
functional tasks in both laboratory and free-living conditions.'®°
However, to date, no randomized controlled trials have evaluated
the efficacy of a movement pattern training intervention after TKA
using more modern biofeedback insole sensor systems.
Therefore, the purpose of this randomized clinical trial was to
determine if a novel movement pattern training program (MOVE)
improved movement pattern quality more than a standardized
rehabilitation program without movement training (CONTROL).
The secondary goal was to determine if movement pattern train-
ing improved quadriceps strength and physical function and less-
ened contralateral OA progression. Our hypothesis was that the
MOVE group would demonstrate improved biomechanical out-
comes, quadriceps strength, and physical function while reducing
the incidence of contralateral OA progression. This paper reports
the results for the primary trial end point (six months after TKA).

PATIENTS AND METHODS

Study design. This was a two-arm, parallel, randomized con-
trolled trial to determine if the addition of MOVE to standard rehabili-
tation improved movement pattern quality more than standard
rehabilitation without movement training (CONTROL). This study
was prospectively registered on clinicaltrials.gov (NCT03325062),
and the protocol for this trial has been previously published.?°

Participants. Participants were consecutively recruited by
13 participating orthopedic surgeons from four institutions in the
Denver, Colorado, metropolitan area from January 15, 2018, to
November 29, 2022. Participants were included in the study if
they were between 50 and 85 years of age and were scheduled
for a primary unilateral TKA for end-stage OA. Exclusion criteria
were severe contralateral knee OA (>4/10 pain on a verbal pain
rating or Kellgren-Lawrence grade >3 determined by radio-
graphs), previous contralateral TKA, comorbid condition that sub-
stantially limits physical function (eg, neurologic, cardiovascular
problems, or unstable orthopedic condition other than knee OA),
alternate plan of care for rehabilitation after surgery (eg, home
health, skilled nursing, etc), uncontrolled diabetes (hemoglobin
Alc >8.0), body mass index >40, current smoker, drug abuse,
surgical complications necessitating an altered course of rehabili-
tation, unable to safely walk 30 m without an assistive device, or
contraindications to magnetic resonance imaging. Informed con-
sent was obtained from all participants, and this study was
approved by the Colorado Multiple Institutional Review Board.

Randomization and anonymizing. Following surgery,
each participant was randomized to a treatment arm (MOVE or
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CONTROL) with a 1:1 allocation ratio. Randomization was
conducted using a computer-generated allocation table with
stratification on sex and random block sizes of two and four
within each stratum by an unmasked study coordinator (MJB).
Anonymized study personnel consisted of the principal investiga-
tor (JESL) and outcome assessors. Participants were only aware
that they were participating in one of two potential rehabilitation
programs, and they were instructed to not discuss details of their
intervention with anonymized personnel. Due to the nature of the
intervention, anonymizing of the physical therapists delivering
the intervention was not possible.

Intervention. All patients received a unilateral tricompart-
mental TKA. The MOVE and CONTROL interventions were initi-
ated at a mean = SD of 5 + 2 days after surgery. Participants
were seen in outpatient rehabilitation twice per week for weeks
1 through 4, once per week for weeks 5 through 8, once at week
10, and for a booster visit at four months, for a total of 14 visits.?”
Participants were treated at one of five outpatient clinics through-
out the Denver metropolitan area by 1 of 16 licensed physical
therapists who were trained to deliver either the MOVE or CON-
TROL intervention. Fidelity to the intervention was assessed using
published criteria.2° Due to clinic closures or potential exposure to
COVID-19, four participants from MOVE were seen via telehealth
foramean = SD of 4 + 3 visits. However, there were no alterations
to the intervention protocol.

Both groups participated in a standardized rehabilitation pro-
gram consisting of the following: activity-based exercises (eg,
walking, rising from a chair, stair climbing), range of motion and
flexibility exercises, strengthening exercises, balance training,
and home exercises (based on clinic exercises). Clinic-based
and home exercises were dosed at the same frequency and
intensity based upon prespecified tolerance and progression cri-
teria. Details of the intervention and criteria have been previously
reported and additional details are reported in Supplementary
File 1.2° Participants in the MOVE group received the movement
pattern training intervention (detailed below) during the perfor-
mance of activity-based exercises, whereas the CONTROL group
performed the same exercises without feedback.

MOVE group. The MOVE intervention was a movement pat-
tern training program that focused on promoting surgical knee use
during the performance of activity-based exercises with an empha-
sis on symmetry of loading between surgical and contralateral
limbs. Participants in the MOVE group used the Loadsol (Novel.
de) insoles and associated iOS application to receive real-time
visual biofeedback on weight-bearing force symmetry during activ-
ity performance both during clinic sessions and at home during the
performance of their home exercise program.’®'922 This amount
of biofeedback provided a high number of repetitions during
activity-specific practice to enhance motor learing (eg, 1,960 sit
to stands prescribed over the course of the intervention).2>2*

Clinicians also used verbal, visual, auditory, and tactile cues during
clinic sessions to facilitate symmetrical movement based upon the
optimal strategy (internal or external cues) for each patient.?® Dur-
ing each clinical session, participants were assessed on retention
of motor learning from the previous session on their current activi-
ties to determine if they were ready for |orogression.26 Once partic-
ipants were able to complete a given task with less than 5%
between-limb loading asymmetry and no movement compensa-
tions, task difficulty was progressed based upon tolerance or to a
difficulty level at which the participant was unable to correctly pre-
form the task without biofeedback. Frequency of biofeedback
was faded to 50% using an intermittent biofeedback schedule to
promote retention of movement patterns when participants dem-
onstrated an improvement in movement quality in response to
cuing and feedback or when tolerance limited progression (eg,
unable to go deeper during squats).?” Participants were instructed
to use intermittent biofeedback throughout the day and remember
their movement cues when performing these activities as a part of
daily living to encourage the development of an internal representa-
tion of the movement pattern.®

CONTROL group. The CONTROL group intervention
focused on the same exercise protocol as the MOVE program,
although the physical therapists did not provide any feedback
on exercise performance other than minimal cues for instruction
and safety. Progression of exercise was not based upon move-
ment quality but rather only based upon safety and tolerance of
exercise. If a participant directly questioned the therapist regard-
ing movement quality, participants were encouraged to move
“naturally” or “comfortably.”

Outcomes. All outcomes were assessed one to two weeks
preoperatively (baseline), at the end of intervention (10 weeks),
and at six months (primary endpoint) at the University of Colorado
Anschutz Medical Campus. Testing details and methods for each
outcome have been previously reported and additional details on
testing can be found in Supplementary File 1.2° Due to testing
delays caused by the COVID-19 pandemic, two participants from
MOVE and two participants from CONTROL were assessed a
mean of 12 weeks and 19.5 weeks after the six-month timepoint,
respectively. Additionally, four participants (one in MOVE, three in
CONROL) had functional performance data on the 30-second sit
to stand test (30STS) and timed up and go test (TUG) captured
at 10 weeks using a telehealth interface. Video-based assess-
ments of the TUG and 30STS have been shown to be valid and
reliable in individuals with knee OA.?°

Primary outcome. The primary outcome for this study
was change in pKEM in the surgical limb from baseline to six
months after TKA during walking at a fixed gait speed (FGS) of
1.0 m/second. The six-month timepoint was chosen as the primary
endpoint based on preliminary data indicating response to
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movement pattern training becomes more pronounced by this
timepoint as opposed to immediately after intervention.'® Biome-
chanical testing was conducted using an eight-camera motion
capture system (Vicon Motion Systems) and two force plates
(Bertec Corporation) embedded in an overground 12-m walkway.
Reflective markers were placed on anatomic landmarks of the
lower limbs, trunk, and upper extremities according to a modified
Helen-Hayes marker set.®° Force and marker position were sam-
pled at 2,000 and 100 Hz and filtered using a fourth-order low-
pass Butterworth filter with cutoff frequencies of 20 and 6 Hz,
respectively. Before measurement, participants walked five times
up or down a 10-m walkway at their customary, comfortable pace.
During these warm-up trials, gait speed was measured using
ceiling-mounted motion sensors as participants passed through a
5-m section in the center of the walkway. The mean of the five
speeds was considered their self-selected gait speed. The subse-
quent recorded trials were used only if they were within +5% of
the determined self-selected speed. Participants were asked to
walk at a set speed of 1.0 m/second (+5%), and five acceptable tri-
als were collected.

Demographics. Participants’ age and sex were gathered
from their medical records. Race and ethnicity were ascertained
by participant self-report using the National Institutes of Health
race and ethnicity categories and included a response of “prefer
not to answer.”

Secondary outcomes. Secondary biomechanical outcome
measures included pKEM during walking at the participant’s self-
selected gait speed in addition to pKEM in the contralateral knee
during FGS and self-selected gait speed. Secondary measures of
physical performance, impairments, and self-reported outcomes
included a stair climb test (SCT),®" 30STS,%? six-minute walk test,>*
TUG,%* average steps per day using accelerometry (Actigraph
Corp), isometric quadriceps strength (measured by an electrome-
chanical dynamometer),® knee range of motion,® Western Ontario
and McMaster Universities Osteoarthritis Index,®” and Veteran’s
RAND 12-item health survey.®®

Treatment outcomes. Weekly home exercise logs,
averaged over the course of the intervention for activity-based
exercise interventions, and number of clinical sessions attended
were used to quantify adherence to the intervention. Minutes of
insole use at home was also tracked for the MOVE group as a mea-
sure of intervention dose. Timing of the initiation of higher-level
activity-based exercises (lunges and step/stair training) was
tracked as a measure of exercise progression rates between both
groups. Finally, satisfaction with the intervention was assessed
using a five-point Likert scale, and adverse events rates during
the intervention were tracked and reported in Supplementary
Table 1.

Sample size. Statistical power was estimated using effect
sizes based on a previous pilot clinical trial.'® The observed mean
change + SD from baseline to six months for surgical pKEM dur-
ing fixed-speed walking at 1.0 m/second was 0.05 + 0.24 Nm/kg
in the experimental group vs —0.16 + 0.30 Nm/kg in the control
group. A sample size of 120 participants (60 per group) would
have more than 95% power to detect this difference using a
two-sided, independent samples t-test with a = 0.05. We enrolled
138 participants to allow for loss to follow-up.

Statistical analyses. The primary analysis was an intent-
to-treat comparison of differences between treatment groups in sur-
gical limb pKEM change from baseline to six months after TKA, dur-
ing fixed-speed walking. Statistical inference regarding the difference
between treatment groups was based on the estimated coefficient
for a treatment group indicator variable in an analysis of covariance
model with the change from baseline in pKEM at six months as the
response variable and additional covariates that included sex (strati-
fication variable) and the baseline value of pKEM to improve the pre-
cision of the estimated treatment differences. The conclusion about
between-group differences was determined by this single statistical
test to protect against an elevated risk of false positive conclusions.
The adjusted estimated difference between groups in change from
baseline and its associated 95% confidence interval (Cl) is reported.
Secondary outcomes at six months were analyzed as described
above and evaluated for consistency with the primary outcome.
Cohen'’s d effect sizes were calculated for measures with significant
results and interpreted as follows: small (@ = 0.2), moderate (d =
0.5), and large (d = 0.8).%° Measures at 10 weeks were evaluated
using a repeated measures analysis of variance (RM-ANOVA) to
account for the correlation between repeated observations on a par-
ticipant and controlled for sex. Linear contrasts were used to esti-
mate within and between-group differences in change over time.
The six-month outcomes were also assessed using the RM-ANOVA
approach to determine consistency in results when all available data
were used. A sensitivity analysis was conducted for the outcomes of
the 30STS and TUG at 10 weeks as four participants were evaluated
via telehealth due to the COVID-19 pandemic. The 10-week analy-
ses were rerun removing these participants. Differences in satisfac-
tion with rehabilitation programs between groups were evaluated
using a Cochran-Mantel-Haenszel test, controling for sex. Differ-
ences in adverse event rates were evaluated using a chi-squared
test. Differences in clinic session attendance were determined by
an independent samples t-test. A sensitivity analysis on home exer-
cise compliance was conducted on the primary outcome using cut-
offs of 80% and 90% adherence. The association between insole
wear time and change in six-month primary outcome was evaluated
by adding insole wear time to the primary analysis for MOVE partici-
pants. A two-sided P = 0.05 without adjustment for multiple com-
parisons was designated a priori for statistical significance, and all
analyses were run in SAS v9.4.
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RESULTS

Participant flow and characteristics. A total of 3,938
individuals were assessed for eligibility in the study, and 138 indi-
SD age 64.2 + 7.2 years, 82 women) were

viduals (mean +

enrolled and randomized to either the MOVE (n = 68) or
CONTROL (n = 70) groups (Figure 1). Baseline characteristics
of enrolled participants were similar between groups (Table 1).
At the end of intervention (10 weeks), 94% of the MOVE group
and 99% of the CONTROL group completed testing. At the

=)
=
§ Screened (n=3938)
3}
wn
A
Randomized (n=138)
MOVE Group (n=68) CONTROL Group (n=70) ]
s y
= \J
2 10-week visit completed -
Q (n=64) 10-week visit completed
= (n=69)
Lost to follow-up (n=4)
Lost to follow-up (n=1)
Reason Reason
Alternate course of rehab due to Unable to contact (n=1)
injury caused by reported fall
(n=1) Not tested (n=1)
Deceased (n=1) Reason
Personal reasons (n=1) Back pain (n=1)
Time commitment (n=1)
\ A
6-month visit completed 6-month visit completed
(n=61) (n=65)
%. Lost to follow-up (n=3) Lost to follow-up (n=4)
o
E Reason Reason
L Complications from post-surgical COVID-19, not open to virtual or
P infection (n=1) delayed testing (n=1)
E Contralateral knee replacement Motor vehicle accident (n=1)
= (n=1) Time commitment (n=1)
o Moved out of state (n=1) Unable to contact (n=1)
COVID-19 delays (n=2) COVID-19 delays (n=2)
Mean time of delay = 12 weeks Mean time of delay = 19.5 weeks

Declined to participate (n=528)

Unable to contact (n=255)

Not interested (n=191)
Alternate arrangements for PT
(n=82)

Excluded (n=3256)

Contralateral TKA (n=909)
Comorbid conditions (Cancer,
Concomitant orthopedic issues,
etc.) (n=625)

Lived too far from clinic (n=555)
Contralateral knee KL grade > 3
(n=197)

Age out of range (n=175)

BMI > 40 (n=153)

Other (Language, MRI ineligible,
etc.) (n=642)

Post Consent Screen Fail (n=16)
Unable to ambulate 1 m/s (n=6)

Discharged to alternate rehab (n=5)
Other (n=5)

Figure 1. Consolidated Standards of Reporting Trials flow diagram. Abbreviations: BMI, body mass index; KL, Kellgren-Lawrence; MOVE;

movement pattern training group; MRI, magnetic resonance imaging; PT, physical therapy; TKA, total knee arthroplasty.
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Table 1. Baseline characteristics of participants*
Characteristics Overall (n=138) MOVE (n=68) CONTROL (n=70) Pvalue
Age, mean + SD 64.2+7.2 64.4+75 64.1+69 0.86
Sex, n (%)
Female 82 (59.4) 41 (60.3) 41 (58.6) 0.84
Male 56 (40.6) 27 (39.7) 29 (41.4)
BMI, mean + SD 28.72 +4.88 2872 +4.76 28.72 +5.04 >0.99
Race, n (%)
Asian 2(1.5) 1(1.5) 1(1.4) 0.95°
Black/African American 4(2.9) 3(4.4) 1(1.4)
Native Hawaiian/Other Pacific Islander 1(0.72) 0 (0) 1(1.4)
White 122 (88.4) 0(88.2) 62 (88.6)
More than one race 7 (5.1) 2(2.9) 5(7.1)
Choose not to answer 2(1.5) 2(2.9) 0(0)
Ethnicity,® n (%)
Hispanic or Latino 10 (7.25) 4(5.9) 6 (8.6) 0.83
Not Hispanic or Latino 118 (85.5) 9(86.8) 59 (84.3)
Choose not to answer/missing 10 (7.25) 5(7.4) 5(7.1)
Functional Comorbidity Index,” mean + SD 2.49 (1.5) 240 (1.4) 2.58 (1.6) 0.51
KL grade contralateral knee, mean + SD 2.1(0.84) 2.1(0.84) 2.1(0.86) 0.86
* BMI, body mass index; KL, Kellgren-Lawrence; MOVE, movement pattern training group.
@ Comparison based on White/non-White.
®n =137, 1 observation missing from the control group.
Table 2. Outcome measures over time by group*
MOVE CONTROL
Preop, 10 wk, 6 Mo, Preop, 10 wk, 6 mo,
Measure mean (SD); n mean (SD); n mean (SD); n mean (SD); n mean (SD); n mean (SD); n
Peak knee extension
moment, Nm/kgm
Surgical FGS 0.22 (0.14); 68 0.17(0.12); 62 0.20(0.12); 61 0.23(0.12); 70 0.22(0.12); 63 0.22 (0.11); 65
Contralateral FGS 0.28 (0.10); 68 0.26 (0.10); 62 0.25(0.09); 61 0.29(0.13); 70 0.26(0.11); 63 0.29(0.12); 65
Surgical SSG 0.27 (0.17); 68 0.22 (0.14); 62 0.27 (0.16); 61 0.27 (0.13); 70 0.24(0.13); 62 0.29 (0.13); 65
Contralateral SSG 0.36 (0.14); 68 0.34(0.13); 62 0.35(0.14); 61 0.35(0.15); 70 0.33(0.14); 62 0.40(0.13); 65
Self-selected gait speed, 1.17 (0.22); 68 1.14(0.18); 63 1.23(0.17); 61 1.16 (0.20); 70 1.15(0.16); 67 1.24(0.17); 65
m/s
6MW, m 475 (101); 68 471(83.2); 62 507 (84.2); 61 475; 70 (77.6) 479 (71.4); 63 516 (76.8), 64
SCT, s 8.45 (3.1); 58 8.44 (3.5); 53 7.19(2.2); 51 7.97 (2.5); 56 7.73(1.7); 59 6.47 (1.3); 52
30STS, repetitions 11.0(2.8);, 67 11.5(3.2); 61 13.0(3.6); 59 10.5(3.1); 70 12.0(3.0); 67 13.1(3.1); 62
TUG, s 8.04 (1.7); 68 8.29 (1.6); 63 7.49 (1.3); 61 8.18(1.7); 70 7.87 (1.6); 67 7.21(1.3); 64
Total average step count, 5,534 (2,303); 49 5,537 (2,250); 54 6,297 (2,401); 54 5125(1,747); 56 4,989 (1,774); 59 5,294 (1,767); 52
steps/day
Quadriceps strength,
Nm/kg
Surgical limb 19(0.41);68  0.988(0.38); 61 1.29 (0.46); 61 1.15(0.44); 70 1.06 (0.39); 63 1.31(0.44); 64
Contralateral limb (0.49); 68 1.56 (0.49); 62 1.58 (0.53); 61 (0.52); 70 1.62(0.47); 63 1.71 (0.57); 64
Active knee ROM surgical
limb, degrees
Extension -2.8(3.6); 68 -2.9(3.3);62 -1.4(3.3); 61 -4.0(4.9); 70 -3.5(4.0);, 64 -2.4(3.2); 64
Flexion 124.5(10.2); 68 115.6(9.9); 62 121.0(10.1); 61 121.0(12.2); 70 113.7 (11.5); 64 120.7 (9.6); 64
WOMAC surgical knee, 34.5(16.5); 68 22.6(12.3); 62 12.3(9.3); 60 35.2 (16.4); 69 22.9(14.3); 67 16.0(16.3); 65
points
VR-12, points
Physical component 36.9 (9.8); 68 42.5(7.5); 63 48.7 (7.1); 60 37.2(8.8); 69 41.5(9.4); 68 48.2 (8.5); 65
score
Mental component 53.6(8.7); 68 52.8(7.0); 63 54.2 (6.0); 60 543 (6.9); 69 52.1(9.8); 68 53.1(8.0); 65

score

* Secondary to the COVID-19 pandemic, four participants in the CONTROL group and two participants in the MOVE group were assessed
using video for the 6MWT, TUG, and 30STS test. 30STS, 30-second sit to stand test; 6MW, six-minute walk test; FGS, fixed gait speed;
MOVE, movement pattern training group; preop, preoperative; ROM, range of motion; SCT, stair climb test; SSG, self-selected gait speed;
TUG, times up and go test; VR-12, Veteran’s RAND 12-item health survey; WOMAC, Western Ontario and McMaster Universities

Osteoarthritis Index.
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Table 3. Estimated change and difference in change to six months*
MOVE CONTROL )
Estimated
Estimated change Estimated change difference in
Measure n (95% CI) n (95% Cl) change (95% Cl) Pvalue
Peak knee extension
moment (Nm/kgm)

Surgical FGS 61 -0.02 (-0.04t0 0.01) 65 -0.01 (-0.03 t0 0.02) 0.01 (-0.03 to 0.05) 0.61

Contralateral FGS 61 -0.03 (-0.05to -0.01) 65 0(-0.02t0 0.02) 0.03 (0 to 0.05) 0.045

Surgical SSG 61 0.02 (-0.01 to 0.05) 65 0.02 (-0.01 to 0.05) 0.01 (-0.04 to 0.05) 0.84

Contralateral SSG 61 0(-0.02t0 0.02) 65 0.04(0.02 t0 0.07) 0.04 (0.01 to 0.08) 0.006
Self-selected gait speed, m/s 61 0.07 (0.03t0 0.11) 64 0.08 (0.05t0 0.12) 0.01 (-0.04 to 0.06) 0.67
6MW, m 61 28.6 (14.7 to 42.5) 64 37.5(24.0 to 50.9) 8.87 (-10.3t0 28.0) 0.36
SCT, s 47 -1.20(-1.62 to -0.77) 44 -1.82(-2.25t0 -1.38) -0.62 (-1.23to -0.01) 0.046
30STS, repetitions 58 2.31(1.66t0 2.95) 62 2.51(1.89t03.12) 0.20 (-0.69 to 1.09) 0.66
TUG, s 61 -0.69 (-0.97 to -0.41) 64 -0.95(-1.2to -0.67) -0.26 (-0.65t0 0.13) 0.19
Total average step count, 40 362 (-119 to 845) 44 27 (429 to 482) -336 (-1,003 to 331) 0.32

steps/day
Quadriceps strength, Nm/kg

Surgical limb 61 0.12 (0.04t0 0.21) 64 0.16 (0.07 to 0.24) 0.03 (-0.09 to 0.16) 0.57

Contralateral limb 61 0.09 (0.01 to 0.16) 64 0.15(0.08 t0 0.22) 0.07 (-0.03t0 0.17) 0.18
Active knee ROM surgical

limb, degrees

Extension 61 1.8(1.00to 2.53) 64 1.2(0.45t0 1.94) -0.6 (-1.64 to 0.50) 0.30

Flexion 61 -2.3(-4.48 to —0.05) 64 -1.3(-3.43t00.91) 1.0 (-2.09 to 4.09) 0.52
WOMAC surgical knee, points 60 -22.3(-25.7to0 -18.9) 64 -19.1 (-22.4to0 -15.8) 3.2(-1.45t07.92) 0.17
VR-12, points

Physical component score 60 11.8(9.79t0 13.7) 64 11.4(9.52t0 13.3) -0.3(-3.03to0 2.37) 0.81

Mental component score 60 0.1(=1.421t0 1.68) 64 -0.7(-2.19t0 0.81) -0.8(-2.961t0 1.31) 0.45

* Models control for sex and baseline value of the outcome. All change variables were calculated as six-month value minus preoperative value,
and all estimated difference in change values are CONTROL minus MOVE. 30STS, 30-second sit to stand test; 6MW, six-minute walk test; Cl, con-
fidence interval; FGS, fixed gait speed; MOVE, movement pattern training group; ROM, range of motion; SCT, stair climb test; SSG, self-selected
gait speed; TUG, times up and go test; VR-12, Veteran’s RAND 12-item health survey; WOMAC, Western Ontario and McMaster Universities

Osteoarthritis Index.

six-month primary endpoint, 89.7% of the MOVE group and
92.9% of the CONTROL group completed testing.

Outcomes. Outcomes by group over time are reported in
Table 2. The change from baseline in primary and secondary out-
comes and the difference between groups at six months
(primary endpoint) are shown in Table 3. Between-group
differences on all outcomes at 10 weeks (end of intervention)
are reported in Supplementary Table 2, as well as between-
group differences on all outcomes at 10 weeks and six
months stratified by sex are reported in Supplementary
Tables 3-6.

Primary outcome. There were no between-group differ-
ences in change of surgical pKEM during FGS at the 10-week
(95% ClI: =0.02 to 0.06; P = 0.38) or six-month timepoints (95%
Cl: —0.026 to 0.045; P = 0.61) (Figure 2). Both groups returned
to baseline levels of surgical pKEM by six months.

Secondary outcomes. There were no between-group
differences in change of contralateral pKEM during FGS at
10 weeks; however, the MOVE group demonstrated .03
Nm/kgm less contralateral pKEM during FGS at six months

compared to CONTROL (P =
-0.001; d =0.32).

There were no between-group differences in change of sur-
gical pKEM during self-selected gait speed at 10 weeks or six
months (Figure 3). There were no between-group differences in
change of contralateral pKEM during self-selected gait speed at
10 weeks; however, the MOVE group demonstrated .04 Nm/kgm
less contralateral pKEM during self-selected gait speed at six
months compared to CONTROL (P < 0.01, 95% Cl: —0.076 to
—-0.013; d = 0.44).

At 10 weeks, the CONTROL group completed 1.2 repeti-
tions more on the 30STS compared to MOVE (P < 0.01, 95%
Cl: 0.3-2.1) and was 0.5 seconds faster on the TUG than
MOVE (P = 0.04; 95% CI: —1.0 to 0.0). Conclusions remained
the same for the sensitivity analyses conducted for the 30STS
and TUG. There were no differences in any other secondary
outcomes.

At six months, the CONTROL group completed the SCT
0.6 seconds faster than the MOVE group (P = 0.046, 95% CI:
-1.2 t0 0.0; d = -0.25). There were no differences in any other
secondary outcomes.

There were no differences in participant characteristics
between groups in those that completed six-month testing (P >
0.05) (see Supplementary Table 7). Using all available data from

0.045, 95% Cl. -0.05 to
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Figure 2. Peak knee extension moment in surgical and contralateral limbs during fixed gait speed of 1.0 m/s by group over time. Error bars are
SD. *Significant difference between contralateral peak knee extension moments between groups (P < 0.05). MOVE; movement pattern retraining

group.

the RM-ANOVA to examine consistency of results when using all
available data, changes between groups on contralateral pKEM
during FGS and SCT were no longer significant (P = 0.11 and
P = 0.74, respectively). However, changes between groups on
contralateral pKEM during FGS were still 0.05 Nm/kgm lower in
MOVE (P = 0.01, 95% CI: 0.01-0.08).

Treatment outcomes. Overall fidelity to the intervention
was high in both groups, with an overall fidelity rating of 98.8%.
The mean number of protocol treatments was 13.8 + 0.5, with no
difference in attendance between groups (P = 0.33). Average home
exercise program adherence was 85.9%, with no difference
between groups (P = 0.89). HEP adherence levels of 80% and
90% were not related to changes in surgical pKEM during FGS at
six months (P = 0.26 and P = 0.19, respectively). Based on exercise
progression criteria, the CONTROL group began performing lunge
exercises and step/stair exercises sooner than the MOVE group,
at an average of five days (P < 0.01, 95% Cl: 2-9) and nine days
(P < 0.01, 95% Cl: 4-13), respectively. Average insole wear time in
the MOVE group was 11.8 + 9.6 hours of total home use and was
not related to changes in surgical pKEM during FGS at six months
(P =0.34). Satisfaction with the intervention was rated as “somewhat
satisfied” or “very satisfied” by 87% in the MOVE group and 92% in
the CONTROL group, with no difference between groups (P = 0.32).
Adverse events occurred with nine participants in the MOVE group
and nine in the CONTROL group during the 10-week intervention,
with the most common event being a fall. Only one fall occurred

during a clinic treatment session, and all other adverse events
occurred outside of clinic treatment sessions. There were no
between-group differences in the occurrence of adverse events
(P=0.95).

DISCUSSION

The purpose of this randomized clinical trial was to determine
if MOVE improves movement pattern quality more than a stan-
dardized rehabilitation program without movement pattern train-
ing. Contrary to our hypothesis, the MOVE group demonstrated
similar recovery of pKEM in the surgical knee compared to the
CONTROL group during walking. Both groups recovered to
baseline levels of pKEM in the surgical knee at six months. How-
ever, individuals in the MOVE group did have substantially less
pKEM on the contralateral limb compared to those in the CON-
TROL group when walking at self-selected speeds after TKA.
MOVE participants demonstrated levels of pKEM more similar to
their surgical knee, which could have implications for contralateral
OA progression. A secondary goal was to determine if movement
pattern training improved quadriceps strength and physical func-
tion recovery. Contrary to our hypothesis, CONTROL participants
demonstrated a tendency for faster functional performance
recovery; however, it is unclear if this is due to improved surgical
knee recovery or due to increased compensation on the contra-
lateral knee during the performance of these tasks. Overall, both



740

BADE ET AL

Peak Knee Extension Moment During
Self-Selected Gait Speed

- MOVE Surgical
MOVE Contralateral

- CONTROL Surgical
CONTROL Contralateral

0.6
€ *
(=2}
X
=
Z
+ 04
[+F]
£
2

s J

.9 \"'2
202
2
o
w
o
Q
=
b

0.0

Preop 10 Weeks 6 Months
Time Point

Figure 3. Peak knee extension moment in surgical and contralateral limbs during self-selected gait speed by group over time. Error bars are
SD. *Significant difference between contralateral peak knee extension moments between groups (P < 0.05). MOVE; movement pattern retraining
group. [Correction added on 3 February 2025, after first online publication: Figure 3 has been corrected.]

interventions were efficacious in improving strength and function
beyond presurgical levels.

The primary outcome of surgical pKEM was chosen for this
study as a clear indicator of movement quality for the following
reasons: (1) speed on functional tasks can improve in the first year
after TKA despite persistent movement compensations,®*©®
(2) quadriceps weakness is a chronic impairment following
TKA, 254941 (3) decreased surgical pKEM is a primary movement
deviation following TKA,'1642 and (4) the MOVE intervention
specifically targeted surgical limb loading, and thus assessment
of pKEM is a direct assessment of intervention efficacy. However,
the MOVE intervention did not lead to improved pKEM during
walking as hypothesized. One potential explanation for this finding
is that the type of data provided by insoles to MOVE participants
primarily consisted of weight-bearing force data as opposed to
directly providing feedback on pKEM. By only providing feedback
using weight-bearing force data, it is possible that participants
achieved more symmetrical weight-bearing during tasks by com-
pensating at other joints (eg, hip or ankle). Christensen et al*®
determined that the type of data provided to participants, deliv-
ered during a single session of biofeedback training three months
after TKA, directly impacted responses to a movement pattern
training intervention, with pKEM data providing superior biome-
chanical outcomes compared to weight-bearing force data.
Future research should examine if providing pKEM data to individ-
uals early after TKA leads to long-term changes in movement
quality and superior outcomes compared to the current trial.

However, providing individuals pKEM feedback during walking
conventionally requires use of a motion capture system to com-
bine the kinetic and kinematic aspects of the gait pattern, using
force and motion measures processed with customized software
to provide real-time biofeedback to participants. Thus, current
technology can limit the environments with which movement pat-
tern feedback on pKEM could be provided.

Another potential explanation for the lack of observed effi-
cacy of the MOVE intervention in improving surgical pKEM is that
the mode of feedback may have influenced motor learning during
walking. For walking, typically intermittent or summary feedback
was used owing to the dynamic nature of this task and safety
concerns when using an iOS device for feedback (eg, looking at
a device while walking). Future research should examine if provid-
ing real-time feedback (eg, using treadmill training) leads to supe-
rior outcomes, which has been suggested with findings from
other studies examining strategies for retraining gait.>”** Further-
more, the MOVE intervention may have influenced other biome-
chanical aspects of movement quality during walking (eg,
weight-bearing force symmetry recovery) or influenced the recov-
ery of other tasks trained during the MOVE intervention (eg, rising
from a chair). Future analyses will be conducted to determine the
impact of MOVE on additional biomechanical variables and tasks.

Finally, in this trial the CONTROL intervention may have been
more effective in restoring pKEM in the surgical knee than prior
intervention studies. Prior research examining the recovery of
pKEM after TKA has consistently found that pKEM decreases in
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the six months following surgery.'®'®%2 In the current study, the
CONTROL group recovered to baseline levels of pKEM in the sur-
gical knee indicating the supervised, standardized, progressive
rehabilitation protocol used in the CONTROL intervention may
be more effective than traditional rehabilitation techniques. Stan-
dardization of clinical care has been shown to reduce variation in
care and lead to improved outcomes.*®*® Without a true stan-
dard of care control group for comparison, it is not possible to
make conclusions regarding either program’s efficacy in improv-
ing outcomes after TKA compared to standard of care interven-
tions. Given the improved recovery of pKEM in the CONTROL
group compared to historically reported outcomes, future
research should examine the impact of structured rehabilitation
programs similar to CONTROL compared to alternate rehabilita-
tion pathways (eg, self-directed, mobile application-based, and
group-based) and their impact on surgical limb pKEM recovery
as well as long-term outcomes.

Although the MOVE intervention did not influence the recov-
ery of pKEM in the surgical knee, MOVE led to small to moderate
decreases in contralateral pKEM compared to CONTROL. The
CONTROL group exhibited levels of pKEM in the contralateral
knee equal to or greater than baseline depending on walking con-
dition, whereas the MOVE group decreased contralateral pKEM
to values closer to the surgical limb. Higher knee extension
moments, observed in the CONTROL group, have been associ-
ated with knee OA progression, although results across studies
are inconsistent.'™™"® Other biomechanical variables such as
knee flexion excursion and knee adduction moment have shown
stronger associations with OA progression.® Subsequent analy-
ses will examine the long-term impact of MOVE intervention on
additional biomechanical outcomes and OA progression at two
years using magnetic resonance imaging.

A secondary hypothesis of this clinical trial was that the MOVE
intervention would lead to greater recovery of quadriceps strength
and functional performance compared to CONTROL. However,
CONTROL participants demonstrated a tendency for faster func-
tional performance recovery as demonstrated by 1.2 increased
repetitions on the 30STS and 0.5 seconds faster TUG times at
10 weeks. At six months, differences on the 30STS and TUG atten-
uated, but CONTROL participants were faster on the SCT by an
average of 0.6 seconds; however, secondary analysis using all
available data indicated that this difference was not significant.
The tendency for faster recovery might be explained by differential
progression criteria used within the intervention programs. MOVE
participants were required to demonstrate symmetrical movement
pattern criteria to advance in exercise progression, whereas
CONTROL participants needed only to safely tolerate the progres-
sion. This led to a more rapid progression of activity-based tasks in
the CONTROL group. Additionally, the MOVE intervention empha-
sizes movement quality, which may have led to more of a focus on
quality over speed during functional performance testing. Faster
functional performance recovery in the CONTROL group could be

due to improved recovery in the surgical knee or increased move-
ment compensation relying on contralateral knee function.

A potential limitation to the current study is the use of a FGS
1.0 m/second for determination of our primary outcome. The
rationale for choosing this speed was based on pilot data sup-
porting used to (1) generate our sample size estimate,'® (2) allow
for population comparisons of joint moments at a consistent
speed, and (3) minimize the number of participants excluded from
the study and thereby increase generalizability. However, slower
walking speed can minimize asymmetries and thus decrease the
likelihood of detecting asymmetries.*” Self-selected gait speed
as well as higher-level biomechanical tasks such as sit to stand
may better measures of asymmetries in pKEM. A second limita-
tion is the length of testing sessions (2-3 hours) may have led to
fatigue in some participants and thus biased outcome measures
to be lower. However, the effects of fatigue are likely to be similar
across time within groups, and thus fatigue may have less of an
effect on change scores. A final limitation is that although the
insoles used in the trial have been validated during walking, run-
ning, and landing, '®%22 they have not been validated across all
tasks/environments used within this trial; plus, the bipedal calibra-
tion process used may have limited the accuracy of feedback and
thus decreased intervention effectiveness.

In conclusion, the MOVE intervention did not lead to
improved surgical knee use during walking or improved recovery
after TKA compared to CONTROL. However, the MOVE group
exhibited lower pKEM on the contralateral knee during walking
after intervention, which may influence contralateral OA progres-
sion. Future research will examine if the MOVE intervention led to
changes in biomechanical outcomes other than pKEM during
walking and higher-demand tasks such as rising from a chair.
Additionally, future research will determine the long-term effects
of the MOVE intervention on movement quality and contralateral
OA progression.
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Estimating Budget Impact and Joint Replacement Avoidance
by Implementing a Standardized Education and Exercise
Therapy Program for Hip and Knee Osteoarthritis in a
Publicly Insured Health Care System

Darren R. Mazzei," Jackie L. Whittaker,” () Peter Faris,® Tracy Wasylak,® and Deborah A. Marshall’

Objective. The study objective was to estimate the budget impact of funding a standardized education and exer-
cise therapy program, Good Life with osteoArthritis in Denmark (GLA:D) for people with hip and knee osteoarthritis
(OA) waiting for total joint replacement (TJR) consultation in a universal publicly insured health care system in Canada.

Methods. We built a budget impact analysis model to estimate the annual cost (Canadian dollars) of providing the
GLA:D program to people waiting for a TUR consultation and then forecasted a three-year budget cycle. The base case
assumes that 40% attend GLA:D sessions, that 11% avoid surgery, uniform care delivery, that training costs are
incurred separately, and that the health care system has enough trained staff to meet demand. The population of peo-
ple with hip and knee OA waiting for a TJR consultation was estimated with government statistics, peer-reviewed evi-
dence, and routinely collected data from five orthopedic centralized intake clinics (serving 80% of people seeking TJR).
Patient-level costs were collected prospectively. International published evidence informed the TJR avoidance esti-
mates. A one-way sensitivity analysis of key parameters evaluated model robustness. Four scenarios were analyzed:
public funding for everyone (base case), low-income, rural, and uninsured persons.

Results. Funding GLA:D would cost $4.3 million, serve 12,500 people, and save $8.5 million by avoiding 1,300
TJRs in year one. Savings grow to $8.8 and $8.7 million in years two and three. The number of TURs performed annually
produced the most uncertainty in budget impact (-$15.3 million, —$1.8 million). The most cautious parameter estimates
still produce cost savings.

Conclusion. Publicly funding standardized education and exercise therapy programs for everyone waiting for a
TJR consultation would avoid surgeries, improve access to evidence-based treatments, and save more than the pro-

gram costs.
INTRODUCTION

Osteoarthritis (OA) is one of the most common chronic con-
ditions globally.” Health care system resources are strained by
an aging population, obesity, and high OA prevalence.®® In
Canada, $1.26 billion is spent annually performing over 100,000
total joint replacements (TJRs),* and demand is expected to
increase.? Many publicly funded health care systems struggle
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with long wait times for TJR. Wait times have also worsened
because surgery volumes were reduced during the COVID-19
pandemic to maintain hospital bed capacity.® National targets in
Canada recommend that the 90th percentile of wait times for
TJR surgery should be within 26 weeks after the orthopedic sur-
geon and patient agree surgery is necessary. However, the 90th
percentile is currently being seen within 89.6 weeks for
consultation and undergoing TJR surgery within 91.6 weeks.®
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SIGNIFICANCE & INNOVATIONS

+ Universal publicly insured health care systems like
Canada’s could spend $4 million offering GLA:D to
everyone waiting for a TJR consultation.

+ Publicly funding a structured education and exer-
cise program like GLA:D is an affordable solution
that could help decision-makers improve access to
evidence-based treatments.

Decision-makers have increased surgical capacity,” but long wait
times persist. Alternative solutions are necessary to address the
wait time crisis for TJR.

TJRs are appropriate and effective for end-stage OA after all
other treatment options have been exhausted.® International clin-
ical guidelines recommend that everyone with hip and knee OA
receive education, exercise therapy, and weight management
as first-line treatment with adjunctive pharmacological pain
management as needed.® '? These guidelines have existed for
25 years,'® but first-line treatments are consistently underused
whereas medication and surgery are overused.'*"" Almost
40% of people with knee OA did not attempt first-line treat-
ments before having a TJR.'® Standardized programs like
Good Life with osteoArthritis in Denmark (GLA:D) were devel-
oped to implement high-quality hip and knee OA treatments
into routine care.'®?° GLA:D includes 2 education sessions
and 12 supervised neuromuscular exercise sessions delivered
twice per week.'® Eighty-five thousand people in 10 countries
have attended GLA:D,2" with most paying out of pocket
because many health care systems and reimbursement plans
do not include standardized education and exercise therapy
programs.?? A randomized controlled trial (RCT) evaluating knee
replacement reported that 68% of surgical candidates randomized
to an education and exercise program had avoided surgery two
years after the intervention.2® Ensuring everyone undergoing TJR
is end stage by optimizing nonsurgical care before surgery may
help alleviate long wait times, but resource implications are an
important consideration for decision-makers. We conducted a

budget impact analysis (BIA) to assess the affordability of publicly
funding a standardized education and exercise therapy program
like GLA:D before TJR.

We used the publicly insured health care system in Alberta,
Canada, as an example in our BIA because the public health care
provider Alberta Health Services (AHS) has supported GLA:D
implementation since 2017. In Canada, the federal government
provides co-funding for each province to deliver 100% publicly
insured coverage for medically necessary doctor and hospital-
based services. The Ministry of Health (MOH) in each province
provides additional co-funding and decides how to deliver health
care to the population. The province of Alberta spends $24.5 bil-
lion annually®* delivering health care to a population of 4.4 million.
Community-based services like GLA:D are funded by a complex
mixture of public and private insurance or out-of-pocket payment.
Patient-level costs were also recently collected in Alberta for
a cost-effectiveness analysis comparing persons receiving GLA:
D versus usual care (defined as any community-based service
people used to manage their OA symptoms before a TJR). Col-
lecting patient-level costs for a standardized OA program and
usual care presents an opportunity to estimate the budget impact
and assess the affordability of these programs from the health
care systems perspective.

METHODS

We followed the International Society for Pharmacoeco-
nomics and Outcomes Research BIA guidelines to transparently
report the parameters and methods used when estimating the
budget impact (Canadian dollars) of adopting a new intervention
in a health care system.?®

Model design. Following standard practice, we pro-
grammed a cost calculator in Microsoft Excel to estimate the
public health care system’s (Alberta, Canada) annual budget
spent delivering care to people waiting for a TJR consultation

Annual Budget = ((A—B+C) *D) + (ExF) — (C*G) + (B * G)

Where:

A = Number of people waiting for TJIR consultation annually

B = Number of TJRs annually
C = Number of TJRs avoided annually

D = Cost of community management annually
E = Number of people waiting for TJR consultation who participate in GLA:D® annually

F = Cost of GLA:D (per person)
G =Cost of TIR (per person)

Figure 1. Budget impact analysis formula. GLA:D, Good Life with osteoArthritis in Denmark; TJR, total joint replacement.



746

MAZZEI ET AL

(Figure 1). Our model takes the MOH perspective because it
includes all publicly funded health care costs and is considered
the reference case in Canada.?® Costs were extrapolated over
a three-year time horizon to be consistent with MOH budget
forecasts and were calculated in 2022 Canadian dollars to
reflect when our cost estimates were collected. We assumed
the following: (1) a proportion of people waiting for a TUR consul-
tation will participate in GLA:D regardless of prior treatment,
(2) the cost of training clinicians in GLA:D delivery will be funded
by employers’ professional development budgets, (3) GLA:D
delivered in person or virtually is uniform across all locations,
(4) each GLA:D class has six participants, (5) the health care sys-
tem has reached a steady state by training enough staff to meet
demand for the program, and (6) half of surgical volumes are
total knee replacements and half are total hip replacements
because this reflects the case mix in Alberta over five fiscal years
(2017/2018 to 2021/2022).* Infections, revisions, delaying TJR,
bilateral TUR, and TJR for a different joint were excluded from
our BIA model because we assumed that GLA:D participation
would not change the costs related to these clinical
characteristics.

Data sources. Model inputs were estimated from peer-
reviewed research, gray literature, local administrative data, and
expert clinical opinion, as described below (Table 1).

Population estimates. Population waiting for TJR
consultation. The population waiting for a TJR consultation was
estimated from routinely collected data at five orthopedic central-
ized intake clinics that provide access to approximately 80% of
TJRs throughout Alberta. We assumed that the population
of people waiting for a TJR consultation would increase at the

Table 1. Parameters used in the budget impact analysis model*

same rate as those with OA in Alberta. The population of people
with OA was estimated by multiplying population growth, mortal-
ity rates, and OA prevalence in Alberta.?”~2°

Forecasted demand for TJR. The Alberta Bone & Joint
Health Institute, an independent charitable organization focused
on turning knowledge into better care for people with bone and
joint conditions, forecasts that demand for TJRs will grow in
Alberta from 13,867 to 15,028 surgeries annually over the study
period.*°

GLA:D participation rates. We extracted participation rates
from peer-reviewed research evaluating exercise therapy in peo-
ple with hip and knee OA and then asked experts their opinion.
Eighty percent of patients eligible for TUR consented to participate
in RCTs of exercise therapy,®" but clinical experts thought partic-
ipation may be lower in the real world. We conservatively esti-
mated that participation rates would be half of what were
observed in peer-reviewed research (40%) when people
were invited to participate in GLA:D if it was publicly funded while
they wait for a TUR consultation.

Population avoiding TJR. RCTs have demonstrated that
44% to 68%2> of people with hip and knee OA avoided TJR
after being randomized to exercise therapy. However, there might
be selection bias in these samples. Only 9% (127 of 1,475) of
those screened were eligible to participate in the study by Skou
et al,®" and 79% (100 of 127) of eligible patients were wiling to
be randomized. We used real-world data from the GLA:D
Canada database to estimate that 11% of participants would
avoid a TJR.%% GLA:D participants were asked, “Are you so trou-
bled by your knee/hip problems that you want surgery?” with
“yes” or “no” as possible answers. Participants who responded
“yes” before the GLA:D program and then “no” at 12 months
were used to estimate the percentage of the population who

Parameter (Alberta specific) Value Source

Total population, n 4.44M Government of Alberta®>

Annual population growth rate, % 1.5 Government of Alberta®?

All-cause mortality rate, % 06 Government of Alberta®*

OA prevalence, % 8.0 A Rowe, MSc, Alberta Health Services, personal
communication (email), January 19, 2023 to T.
Wasylak

OA incidence (annual), % 0.9 A Rowe, MSc, Alberta Health Services, personal

OA population waiting for TJR consultation, n
Forecasted number of TJRs annually (2021/2022 to
2024/2025)

31,227
13,867-15,028

communication (email), January 19, 2023 to T.
Wasylak

Alberta Bone & Joint Health Institute®

Alberta Bone & Joint Health Institute®®

Per-person cost of GLA:D at private clinics, $CAD 400 GLAD clinics
Per-person cost of GLA:D at public clinics, $CAD 304 Expert opinion
Annual cost per person to manage OA with UC, $CAD 653 Mazzei et al*®
Average cost per TJR, $CAD 10,116 AHS?’
Implementation, $CAD 211,920 AHS?®
Percentage avoiding TIR, % 11 GLA:D Canada™
GLA:D participation rate from population waiting for a TJR, % 40 Expert opinion

* Estimates are in 2022 Canadian dollars (CAD). AHS, Alberta Health Services; GLA:D, Good Life with osteoArthritis in Denmark; M, million; OA,

osteoarthritis; TJR, total joint replacement; UC, usual care.


https://www.alberta.ca/population-statistics.aspx
https://www.alberta.ca/population-statistics.aspx
https://open.alberta.ca/dataset/c04c9b36-251f-463e-a2b5-0eaafd61d2af/resource/a7441764-318d-4c4e-bcb2-81bf00508975/download/2010-1217-mortality-in-alberta.pdf
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would avoid TJR for the three-year budget cycle. This estimate is
comparable to the 12% of people who reported undergoing a
TJR within 12 months of participating in GLA:D although we feel
unwillingness is a better predictor of avoidance than people who
actually proceeded to surgery.®*

Cost estimates. Community management. The cost of
managing OA in the community was estimated from administra-
tive data in a cohort of participants receiving usual care in Alberta,
Canada. The average cost was applied to each person in the
population of people waiting for a TJR.

GLA:D. The price to attend GLA:D ranges from $375 to
$450 at private clinics in Alberta. We assumed the average price
was $400 because only 1 of 68 clinics charged $450 when the
study was conducted. Public facility costs were estimated by tak-
ing an average physiotherapist salary ($43.48 hourly plus 20% for
benefits) multiplied by 2.5 hours per class (30-minute preparation,
B0-minute class, 30-minute take-down, and 30-minute charting)
for 14 classes, producing an estimated cost of $1,826 per class.
Assuming six participants per class produced a per-person cost
of $304. Public facility cost estimates do not include facility costs
such as electricity and maintenance because these costs are
incurred in a separate part of the budget whether GLA:D is deliv-
ered or not. We assumed clinics already had the necessary equip-
ment because GLA:D was designed to use minimal equipment,
and resistance bands would often be purchased by the patient
for a nominal fee.

TJR surgery. In 2022, AHS estimated that the average TJR
costs $10,116 (A Rowe, MSc, Alberta Health Services, personal
communication (email), January 19, 2023 to T. Wasylak). Surgical
costs include physician compensation, materials, staff time, and
bed days in hospital. This estimate does not include rehabilitation
because these costs are predominantly incurred out of pocket in
Canada.®®

Implementation. Implementation costs were estimated by
the AHS Bone and Joint Health (BJH) Strategic Clinical Network
(SCN), which began piloting GLA:D in 2017. SCNs are the innova-
tion arm of Alberta’s publicly funded health care system. SCNs
bring together clinical experts, operational leaders, patients, and
researchers to produce transformative solutions to improve
health care delivery. The BJH SCN supported GLA:D implemen-
tation by taking on administrative duties as well as offering annual
clinician training classes, hosting regular community of practice
meetings for clinicians to learn from one another, and fidelity
checks during the pilot phase. GLA:D was implemented at 45 pri-
vately funded community rehabilitation clinics, 5 of 40 primary
care networks, and 18 of 106 AHS facilities.®® The BJH SCN hired
one additional staff member to support GLA:D implementation,
and other team members contributed a portion of their time.
Implementation costs include staff time, research grants, travel,
training sessions, and event-related costs.

Sensitivity analysis. Parameter uncertainty was evaluated
using one-way sensitivity analysis. The estimates are shown in
Supplementary Table 1. Each parameter was varied with a high
and low estimate to evaluate how variability surrounding each
parameter would change the budget impact results. One stan-
dard deviation was used for parameters with distributions. The
highest and lowest reported price to attend GLA:D at a private
facility in Alberta was used to show how price will change the bud-
get impact. GLA:D Denmark and GLA:D Australia ask the same
question about wanting surgery before participating in GLA:D
and at 12 months, so we used real-world data from these data-
bases as high and low estimates for the percentage of people
who would avoid TJR.2"" Standard deviations or confidence
intervals did not exist in the literature to estimate parameter uncer-
tainty for all other parameters. Therefore, parameters were varied
using expert opinion with input from a senior biostatistician, a
health care executive, and two clinician-scientists in the research
field. Parameter uncertainty ranged from 5% to 50% based on
the research team’s confidence with each parameter. Results
were visualized in a tornado diagram in which parameters were
ordered from most to least impact on the primary results.*®

Scenario analysis. Decision-makers may choose to pub-
licly fund GLA:D for various subpopulations based on costs,
expected benefits, clinical characteristics, or equity consider-
ations. Operational leaders within the BJH SCN helped us select
four scenarios that were relevant to decision-makers to assess
how publicly funding GLA:D for different subpopulations would
impact affordability: (1) low-income people to reduce economic
inequities, (2) people in rural communities where there are publicly
funded hospitals to reduce geographic inequities, (3) high-risk
subpopulations for whom TJR surgical risks outweigh the poten-
tial benefits (eg, contraindications to general anesthetic), and
(4) people who do not have private health insurance that covers
allied health professional (eg, rehabilitation) visits because people
with private health insurance could use these resources to access
a program like GLA:D (Supplementary Table 2).

RESULTS

Base case analysis. We estimate that the MOH will spend
$155.4 million in the first year delivering OA care to people waiting
for a TJR consultation, and publicly funding GLA:D would reduce
the annual budget to $146.7 million (Figure 2). In the first year, it
would cost $4.3 million to publicly fund GLA:D, and 1,374 people
would avoid surgery, producing net savings of approximately
$8.5 million by reducing demand for TJR. This return of invest-
ment equals approximately $2 saved for every $1 investment.
Over three years, the population waiting for a TUR consultation is
expected to grow from 31,227 to 32,817 people. The number of
people participating in GLA:D and avoiding TJR would also grow.
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Figure 2. Annual budget forecast of publicly funding GLA:D compared to status quo. Budget impact is the difference in annual budget forecast
between status quo and publicly funding GLA:D in each year. CAD, Canadian dollars; GLA:D, Good Life with osteoArthritis in Denmark.

The total budget impact would be —$8.5 million, —$8.8 million,
and —$8.7 million in year 1, 2, and 3 respectively (Table 2).

Sensitivity analysis. Parameter uncertainty is shown in
Figure 3. All estimates produced cost savings as shown by nega-
tive budget impacts. The annual number of TJRs produces the
most uncertainty, causing the budget impact in year 1 to range
from -$15.3 million if there are 5% fewer TJRs than what was
forecasted to —$1.8 million if there are 5% more TJRs than what
was forecasted in the base case. The budget impact ranges from
-$13.8 to —$4.7 million if the percentage of people avoiding sur-
gery changes from 15.5% to 7.8%. The budget impact will be —
$12.9 million if the participation rate is 60% or —$4.7 million with
participation rates of 20%. No estimates pass the breakeven
point (budget impact of $0), where cost savings are less than
the budget to deliver GLA:D.

Table 2. Budget impact for publicly funding GLA:D*

Scenario analysis. All scenarios would save more than the
budget needed to publicly fund GLA:D for the identified subpopu-
lations. Publicly funding GLA:D for low-income, high-surgical-risk,
rural, and uninsured subpopulations would cost $0.4 million, $0.6
million, $0.9 million, and $1.3 million while saving $0.5 million,
$1.0 million, $1.5 million, and $2.4 million, respectively (Table 3).
Publicly funding GLA:D for everyone saves more than when
GLA:D is publicly funded for smaller subpopulations.

DISCUSSION

Investing $4.3 million will allow 12,491 people awaiting a hip
and knee TJR consultation to participate in GLA:D free of charge
and save the MOH approximately $8.5 million in the first year by
avoiding 1,374 TJRs. A total of 4,161 TJRs will be avoided over

Current Year1 Year2 Year3

OA population waiting for TJR consultation, n
Status quo

31,227 31,227 31,521 32,817

Total annual budget for managing OA population waiting for TJR consultation with status quo, $CAD 1516 1554 1595 163.0

Forecasted number of TJRs annually

Cost to manage OA without surgery, $CAD
Publicly funding GLA:D

Population who attend GLA:D in publicly funded

scenario, n

Avoided TJRs, n

Cost of publicly funding GLA:D, $CAD

Cost of avoided TJRs, $CAD

Implementation costs

13,867 14,267 14,657 15,028
1.3 1.1 1.0 1.0

739 12,491 12,608 12,727

1,374 1,387 1,400
43 43 4.4
-139 -140 -14.2
— $0.2 $0.2 $0.2

O O o

Total annual budget for managing OA population waiting for TJR consultation with publicly funding GLAD  $151.6  $146.7 $150.5 $154.1

Budget impact, $CAD
Budget impact (percentage of status quo annual budget), %

— -85 -8.8 -8.7
— -55 -55 -53

* Dollar figures are in millions (2022 Canadian dollars [CAD]) and rounded to the nearest decimal so rows may not add. Negative costs indicate
cost savings. GLA:D, Good Life with osteoArthritis in Denmark; OA, osteoarthritis; TR, total joint replacement.
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Figure 3. Change in budget impact estimates based on parameter uncertainty. Figure is centered around the Year 1 estimate (—$8.5 million)
from the base case analysis. CAD, Canadian dollars; GLA:D, Good Life with osteoArthritis in Denmark; OA, osteoarthritis; TJR, total joint replace-
ment; UC, usual care.

three years. By year three, cost savings will grow to $8.7 million
annually as the population awaiting a TJR consultation grows.

who participated in GLA:D or 1% of everyone waiting for a TUR
consultation avoid surgery. Our scenario analysis showed that

We estimated that 40% of people would participate if GLA:D
was offered free of charge and 11% of participants would avoid
surgery. Parameter uncertainty changes the budget impact, but
even pessimistic estimates for participation rates and the percent-
age of people who avoid surgery will still break even (shown by
negative budget impacts). Based on our findings, publicly funding
the GLA:D program would pay for itself if as few as 3% of people

funding GLA:D for subpopulations instead of everyone would
cost less but also produce less savings. A health care system will
save more if more people participate in GLA:D. Providing univer-
sal public funding to a structured education and exercise therapy
program like GLA:D ensures everyone has equitable access to
evidence-based OA treatments, regardless of socioeconomic,
geographic, or clinical characteristics.

Table 3. Scenario analysis for publicly funding GLA:D in select subpopulations*

Percentage of Number of annual Cost to deliver

Scenario® population GLA:D participants GLAD, $CAD Budget impact, $CAD
All (base case) 40 12,491 43 -85
Low income 8 1,024 04 -0.5
High surgical risk 14 1,749 0.6 -1.0
Rural 20 2,498 09 =1.5
Uninsured 30 3,747 1.3 -2.4

* Dollar figures are in millions (2022 Canadian dollars [$CAD]) and rounded to the nearest decimal. GLA:D, Good Life with osteoArthritis in
Denmark; TR, total joint replacement.

@ Subpopulations waiting for TJR consultation. Low income is defined as the income situation below which families or persons would likely
devote a higher proportion of their after-tax income than average to the necessities of food, shelter, and clothing. High surgical risk refers to
subpopulations for whom TJR surgical risks outweigh the potential benefits. Rural refers to all areas outside of population centers. Uninsured
is defined as people who do not have private health insurance that covers allied health professional services.
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Our results align with other budget impact models evaluating
standardized education and exercise therapy programs. Acker-
man et al found that the Australian health care system could save
$300 to $690 million if standardized education and exercise ther-
apy programs were implemented nationally.®® Their results
showed more savings than ours because they assumed surgical
avoidance and intervention costs from RCT data.?® Populating
our model with real-world data from people accessing OA care
in the community is likely more generalizable to the policy options
that decision-makers face. Smith et al showed that an exercise
and diet intervention for OA would have a similar cost to other
health promotion programs from the perspective of commercial
insurance or Medicare Advantage plans in the United States.*°
Our results add to the evidence base by evaluating a standardized
education and exercise therapy program from the perspective of
a publicly insured health care system delivering universal access.

Other health care systems can learn from the implementation
experience in Alberta, although some contexts are unique.*’ The
implementation costs in our model were quite small because only
one full-time equivalent staff member was hired to support imple-
mentation. The SCNs act as supportive infrastructure within AHS
by providing teams and resources to support innovation. Aca-
demics and nonprofit organizations like Bone and Joint Canada
also played an important role in setting up and maintaining routine
data collection. Health care systems may incur additional imple-
mentation costs if innovation teams are not already embedded
within their organization and partners do not offer in-kind support
for common goals. Administrative costs were also not included
because the GLA:D program and AHS do not have centralized
referral pathways or patient navigation services for people with
hip and knee OA. Our BIA model assumed that a ramp-up of
training had already occurred and that the health care system
has reached a steady state with enough capacity in GLA:D trained
staff to deliver the program to 12,000 people annually in the first
year of the program. This volume is feasible in a health care sys-
tem like AHS, which has supported implementation of GLA:D for
several years, but health care systems adopting a new program
may have reduced volumes before reaching a steady state. We
assumed that training costs were funded by employers’ profes-
sional development budgets, which is common practice for allied
health professionals across Canada, but other health care organi-
zations may have to consider these costs. We estimate that it
would cost $150,800 to train 260 staff (3580 per staff*?) to meet
the demand for the GLA:D program in our BIA model (assuming
every clinician delivers GLA:D twice per quarter to an average of
six participants, serving a total of 48 participants annually).
Increasing the capacity of trained allied health professionals is a
primary barrier during the initial stages of implementation. Training
multiple providers at each clinic is important to deliver the pro-
gram sustainably. Publicly funding a program like GLA:D may
incentivize clinicians to take the training course faster than what
occurred in Alberta. Program uptake was facilitated by a

community of practice, prepackaged materials, and the ability to
perform the exercise program without specialized equipment.*’
However, implementing GLA:D took longer than expected, with
most clinicians delivering their first class three to four months after
training.*' Marketing the program is critical to increase patient
uptake. Clinicians believed referral pathways would also remove
barriers to the program. The GLA:D program was originally deliv-
ered in-person but was adapted to a virtual delivery model during
the COVID-19 pandemic. Virtual delivery is an important option in
countries with a large land mass like Canada, specifically for peo-
ple in rural and remote communities. Our model shows that the
difference in cost based on delivering GLA:D at private versus
public clinics is marginal. When deciding the delivery location,
health care systems should consider what is feasible to rapidly
scale the program based on the local context of allied health
professionals.

Our budget impact results are complementary to the previ-
ously published economic evaluations showing that standardized
OA programs are cost-effective in many health care systems.
Cost-effectiveness helps decision-makers understand whether a
new intervention generates more value (ie, health benefit) for
money than an alternative intervention. However, it is possible
for a new intervention to be cost-effective but not affordable if
the price is high and a large percentage of the population uses
the new intervention. We estimated that a standardized education
and exercise therapy program like GLA:D is cost-effective and
affordable because it may help people avoid TJRs, which cost
25 times more than the GLA:D program per person. Combining
cost-effectiveness and affordability provides a comprehensive
economic picture of implementing GLA:D into a publicly insured
health care system.

Publicly insured health care systems use waitlists to control
demand for finite resources like TJRs. This means cost savings
in the real world would be observed as reduced wait times
instead of budget reductions because another person would
have the TJR that was avoided. Using queuing theory,*® we
estimate that the 90th percentile wait time for TUR would be
reduced by 12.3 weeks if 11% of GLA:D participants avoided
surgery. This means that a publicly insured health care system
in Canada could reduce the 90th percentile wait time for TUR
surgery from 91.6 weeks to 79.3 weeks. Health care systems
could spend $4 million offering GLA:D to everyone waiting for
a TJR consultation or $14 million increasing surgical volumes
to achieve the same wait time reductions. However, increased
surgical volumes also assume that there is operating room
capacity and trained staff (eg, orthopedic surgeons, anesthesi-
ologists, and nurses) to meet the increased surgical demand.
Publicly funding a structured education and exercise program
like GLA:D is an affordable solution that could help decision-
makers reduce long wait times.

Our BIA model uses real-world costs and implementation
experiences within a publicly insured health care system to
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showcase the financial considerations of implementing stan-
dardized education and exercise therapy programs into a large
publicly insured health care system. However, health care sys-
tem benefits are likely underestimated because our model only
considers the benefits for OA and ignores the additional health
benefits that can be gained from exercise for 35 other chronic
diseases.***® Policy-makers in other jurisdictions must also
recognize that our cost savings are underestimated because
postoperative rehabilitation accounts for 39% of health care
costs related to TJR,%® but these costs were not considered in
our model because most community rehabilitation services are
not publicly funded in Alberta. Although the evidence is mixed,
participating in a presurgical standardized education and exer-
cise therapy program may also offer small postsurgical health
benefits and reduced length of stay,*® which are factors not
considered in our BIA model. One-way sensitivity analysis is a
less rigorous method to evaluate model uncertainty, but most
parameters in our model lacked standard deviations, making
probabilistic sensitivity analysis not feasible. Our model
assessed funding a standardized education and exercise ther-
apy program for people waiting for a TJUR consultation because
long waitlists are the most relevant problem for decision-
makers; however, clinical guidelines recommend education
and exercise therapy right after diagnosis. Future research will
need to evaluate optimal timing of education and exercise ther-
apy to maximize clinical benefits and health care system resources.
We also assumed surgeries were avoided for the entire budget
cycle whereas some people may delay but still go on to have a
TJR. Skou et al showed that 26% of randomized patients pro-
ceeded to surgery at one year and 9% after two years, suggesting
a diminishing percentage of people delaying surgery.?®>3! We
expect that delayed surgery would be an insignificant cost com-
pared to the total annual cost of managing everyone waiting for a
hip and knee TJR consultation. Assessing whether standardized
education and exercise therapy programs actually help people
avoid TJR in the real world also has important implications. Lastly,
implementation research can help health care systems reduce
other barriers like misinformation, knowledge gaps, expectations,
and referral patterns to increase participation rates.*”*

Our results suggest that providing GLA:D to everyone wait-
ing for a TJR consultation would avoid surgeries and save more
than the program costs in a universal publicly insured health care
system like Canada’s. Funding GLA:D prior to TJR consultation
would be an affordable solution to reduce wait times in publicly
funded health care systems.
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Treatment Response Biomarkers for Systemic
Sclerosis-Associated Interstitial Lung Disease

Elizabeth R. Volkmann," ) Holly Wilhalme,' Donald P. Tashkin," Grace Hyun J. Kim,’
Alana Haussmann,' Masataka Kuwana,? " Michael D. Roth," and Shervin Assassi®

Jonathan Goldin,’

Objective. This study investigated whether changes in circulating biomarkers predict progressive pulmonary fibro-
sis (PPF) in patients with systemic sclerosis—associated interstitial lung disease (SSc-ILD) receiving treatment.

Methods. Participants of the Scleroderma Lung Study II, which compared receiving mycophenolate mofetil (MMF)
versus cyclophosphamide (CYC) for treating SSc-ILD, who had blood samples at baseline and 12 months were
included. Levels for C-reactive protein (CRP), interleukin-6, C-X-C motif chemokine ligand (CXCL) 4, CCL18, and Krebs
von den Lungen (KL)-6 were measured, and a logistic regression model evaluated relationships between changes in
these biomarkers and the development of PPF by 24 months.

Results. A total of 92 of the 142 randomized participants had longitudinal biomarker measurements and the
required clinical outcome data, with 19 participants (21%) meeting criteria for PPF. In the whole cohort, changes
in KL-6 levels were significantly correlated with PPF. KL-6 increased in patients who developed PPF and
decreased in patients who did not (mean change + SD 365.68 + 434.41 vs —207.45 + 670.26; P < 0.001). In the
arm of participants who received MMF alone, changes in CRP and CXCL4 levels were also significantly correlated
with PPF. When added to an existing prediction model based on baseline factors associated with PPF in this
cohort (sex, baseline reflux severity, and CXCL4 levels), the change in KL-6 remained significantly associated with
PPF (odds ratio 1.4; P = 0.0002).

Conclusion. Changes in the circulating levels of KL-6 after treatment with MMF or CYC predicted PPF, even after
adjusting for baseline factors associated with PPF. Measuring longitudinal KL-6 in patients with SSc-ILD may improve

how we personalize therapy in patients with SSc-ILD.
INTRODUCTION

Although both approved and nonapproved therapies appear
to favorably modify the course of the forced vital capacity
%-predicted (FVC) in patients with systemic sclerosis—associated
interstitial lung disease (SSc-ILD)," observational studies demon-
strate that at least 25% of patients will develop progressive pul-
monary fibrosis (PPF).2 One barrier to improving outcomes for
patients with SSc-ILD is the lack of early and reliable treatment
response biomarkers, potentially leading to delays in the initiation
of alternative, effective therapies for patients with SSc-ILD. The

Supported by the National Heart, Lung, and Blood Institute, NIH (grant
K23-HL-150237 to Dr Volkmann, grant U01-HL-60587 to Dr Tashkin, and
grant U01-HL-60606 to Robert Elashoff). Dr Assassi's work was supported by
the Department of Defense (grant W81XWH-22-1-0162).

'Elizabeth R. Volkmann, MD, MS, Holly Wilhalme, MS, Donald P. Tashkin,
MD, Grace Hyun J. Kim, PhD, Jonathan Goldin, MD, PhD, Alana Haussmann,
MD, Michael D. Roth, MD: University of California, Los Angeles; *Masataka
Kuwana, MD, PhD: Nippon Medical School, Tokyo, Japan; 3Shervin Assassi,
MD, MS: University of Texas Health Science Center at Houston.

Drs Roth and Assassi contributed equally to this work.

present treatment response indicators include physiologic, radio-
logic, and clinical assessments, which are inherently difficult to
interpret in the context of a patient with a systemic autoimmune
disease with multiple comorbidities. For example, multiple factors
outside of ILD may affect exercise tolerance (eg, arthritis, myopa-
thy), cough (eg, gastroesophageal reflux disease), and FVC mea-
surements due to factors outside of parenchymal fibrosis (eg,
thoracic cutaneous fibrosis restricting chest wall expansion, respi-
ratory muscle weakness) in patients with SSc-ILD. In addition, it
can often take a year or more to establish a reliable trend in FVC
course due to the inherent variability of FVC measurements.
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SIGNIFICANCE & INNOVATIONS

+ Efforts to advance personalized medicine for sys-
temic sclerosis-associated interstitial lung disease
(SSc-ILD) are limited by the lack of objective and
valid therapy-specific response measures.

+ This is the first study to demonstrate that patients
who experience an increase in Krebs von den Lun-
gen (KL)-6 in response to therapy with mycopheno-
late or cyclophosphamide are more likely to
develop progressive pulmonary fibrosis in the fol-
lowing year.

« This study also found that in addition to KL-6,
changes in C-reactive protein and C-X-C motif che-
mokine ligand 4 levels were associated with future
progressive pulmonary fibrosis among patients
who specifically received mycophenolate.

+ Longitudinal measurement of these circulating bio-
markers could lead to earlier introduction of alter-
native therapies for patients with SSc-ILD and avert
the development of irreversible fibrosis.

The absence of valid biomarkers of treatment response has
hindered our ability to effectively manage this condition and make
informed treatment decisions. Biomarkers that detect response
to treatment, such as the response to an immunomodulatory
medication, relatively soon after a therapy is initiated, may help
physicians determine whether or not to continue a specific treat-
ment and/or initiate an alternative medication before irreversible
lung damage occurs in patients with SSc-ILD. The present study
aimed to identify treatment response biomarkers for SSc-ILD
using data from the Scleroderma Lung Study (SLS) 1.2 All
patients in the SLS Il received treatment with either mycopheno-
late mofetil (MMF) or cyclophosphamide (CYC). We hypothe-
sized that measuring changes in a select group of circulating
biomarkers of inflammation, fibrosis, and epithelial injury after
12 months of therapy would predict the likelihood of PPF during
the following year.

PATIENTS AND METHODS

Study participants. Participants enrolled in the SLS I
(NCT00883129), a National Institutes of Health—-sponsored,
randomized controlled trial comparing treatment responses
to receiving MMF versus CYC, were included in these post
hoc analyses.® The SLS Il enrolled an ethnically diverse popu-
lation of both male and female patients with SSc-ILD from
14 sites across the United States according to inclusion and
exclusion criteria that have been previously published.® The
institutional review board of each of the 14 study sites
approved this study, and informed consent was obtained by
all participants.

SLS Il study design. In the SLS II, patients were random-
ized to receive oral CYC for 12 months followed by 12 months of
placebo or MMF for 24 months. The primary endpoint, the FVC
percentage predicted, was measured every three months during
the study, and high-resolution computed tomography (HRCT)
thoracic imaging was obtained at baseline and at 24 months. A
computer-aided design scoring system was used to calculate
the quantitative radiologic extent of ILD (QILD).* The Transitional
Dyspnea Index (TDI) was used to assess changes in dyspnea.®

Biomarker assessment. Blood samples were collected
from study participants and immediately processed onsite on
the day of collection, stored at —70°C, and shipped on dry ice to
the central repository at the University of Texas, Houston. A select
group of measured biomarkers of inflammation and fibrosis
were measured at baseline and 12 months, including serum
C-reactive protein (CRP; multiplex bead array), serum interleukin
(IL)-6 (Simoa Planar Array), plasma CCL18 (enzyme-linked immu-
nosorbent assay [ELISA]), plasma Krebs von den Lungen (KL)-6
(Nanopia latex-enhanced immunoturbidimetric assay), and serum
C-X-C motif chemokine ligand (CXCL) 4 (ELISA). These bio-
markers were selected because prior studies have demonstrated
their role as either prognostic and/or predictive biomarkers in
patients with SSc-ILD.®° Technicians performing the assays
were blinded to the clinical diagnosis and outcome data (see Sup-
plementary Table 1 for further details on the assessment of these
biomarkers).

Primary outcome: PPF. The definition of PPF in the pres-
ent study was adapted from recently published guidelines.'®
Patients meeting at least two of the following were classified as
PPF: (1) worsening respiratory symptoms, (2) absolute decline in
FVC >5% predicted and/or absolute decline in diffusing capacity
for carbon monoxide (DLco) corrected for hemoglobin >10% from
baseline, and (3) radiologic evidence of disease progression. PPF
was selected as the outcome of interest, rather than FVC alone,
because it also incorporates the patients’ experience with the dis-
ease, as well as radiologic assessment, which approximates ILD
burden independently of extrapulmonary factors that may affect
FVC measurements (eg, cutaneous fibrosis of the chest, respira-
tory muscle weakness).

Worsening of respiratory symptoms was defined as a
decrease in the TDI score >1.5 based on the mean minimally
important difference for worsening in patients with SSc-ILD.""
Radiologic evidence of disease progression was defined as an
increase in the whole-lung QILD score >2%, as this was the
threshold of progression associated with death in two indepen-
dent cohorts.? Patients were classified as having PPF if they ful-
filled PPF criteria at 12, 18, or 24 months.

Statistical analysis. Biomarker assessment. Mean differ-
ences and effect sizes were calculated to determine changes in
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biomarker levels from baseline to 12 months in the whole cohort
(both treatment arms combined). Log transformation was per-
formed when appropriate. Because MMF is commonly received
as background therapy for current clinical trials in SSc-ILD, mean
changes in biomarkers were also calculated for the arm of
patients who received MMF.

Primary outcome: PPF. Univariable logistic regression was
performed to evaluate the relationship between the change in bio-
marker levels from baseline to 12 months and the presence/
absence of PPF at 12, 18, or 24 months in the whole cohort. If
the change in a specific biomarker was significantly associated
with PPF (P < 0.05), this variable was then entered into a multivar-
iable model. This multivariable model included baseline variables
associated with PPF in this cohort based on our prior publication
(eg, sex, baseline reflux severity, and baseline CXCL4 levels). ">

To assess the internal validity and quantify the optimism of
the predictive model, bootstrap analyses were performed. Specif-
ically, 2,000 sample datasets were generated from the data with
replacement, and the average model coefficients were estimated.
The adjusted bootstrap percentile method was used to calculate
95% confidence intervals (Cls) for the estimates. Additionally, the
model optimism was assessed using Harrell’s bias correction of
the concordance statistic. The Brier score was calculated to
assess predictive accuracy. Due to the small overall sample size
and number of events in our dataset, we conducted a sensitivity
analysis using Ridge regression to address the potential of overfit-
ting and multicollinearity. We optimized the regularization strength
by evaluating the model at two choices of A: the A that minimized
the cross-validation error, and the most conservative A within
one SE of the minimum, allowing us to balance model complexity
with prediction accuracy. The choice of Ridge regression sup-
ports the development of a stable, generalizable model by adjust-
ing coefficients uniformly, which is particularly crucial in datasets
with limited events. Model performance was assessed through
the area under the receiver operator curve (AUC) to evaluate the
predictive accuracy and robustness under Ridge regularization
compared to initial analyses. All tests were two sided and per-
formed using SAS version 9.4 (SAS Institute).

RESULTS

Participant characteristics. Among all SLS Il partici-
pants (n = 142), 112 had nonmissing data for at least two of the
three criteria for PPF at 12, 18, or 24 months, and 92 of these par-
ticipants had biomarker measurements at baseline and
12 months. The baseline characteristics of the overall study pop-
ulation have been previously published,® and they were similar to
those of the 92 participants included in these analyses
(Supplementary Table 2).

Primary outcome: PPF. Among the 92 participants with
PPF and biomarker data, 19 participants (21%) met our PPF

criteria between 12 and 24 months (n = 10 for the arm of partici-
pants who received MMF; n = 9 for the arm of participants who
received CYC). A total of 6 participants developed PPF at
12 months, 13 participants developed PPF at 24 months, and
no participants developed PPF at 18 months (see Supplementary
Table 3 for the frequency of patients meeting individual PPF cri-
teria at each time point).

Biomarker changes. In the whole cohort, changes from
baseline to 12 months in CRP, IL-6, and CCL18 levels were minor,
and no difference between participants with or without PPF was
observed (Table 1). However, the KL-6 level decreased in those
without PPF, whereas it actually increased in patients who devel-
oped PPF, and the difference between these two groups was sig-
nificant (effect size 1.15; P < 0.001; Figure 1; Table 1;
Supplementary Figure 1). CXCL4 levels also numerically decreased
with treatment, but the difference in changes between those with
or those without PPF did not meet the predefined threshold for sig-
nificance (effect size 0.44; P = 0.091; Figure 1; Table 1).

When considering those in the arm who received MMF alone,
differences in biomarker changes between those with PPF (n =
10) and those without PPF (n = 39) were more prominent
(Table 1). In this subgroup, the CRP levels decreased in those
without PPF but actually increased in those with PPF, and the dif-
ference between the two groups was significant (effect size 0.68;
P = 0.040; Table 1). The same pattern was observed for the
changes in KL-6 levels (effect size 1.28; P = 0.004) and CXCL4
levels (effect size 0.98; P = 0.038).

Multivariable prediction model. For the analysis of the
entire SLS Il cohort, only the change from baseline to
12 months of KL-6 met predefined criteria as a potential pre-
dictor of progression to PPF. This variable was therefore
added to our existing multivariable prediction model for
PPF,"® which included three baseline variables (sex, Gastroin-
testinal Tract (GIT) 2.0 reflux scores, CXCL4 levels). The earlier
model exhibited a sensitivity and specificity of 68% and 72%,
respectively, with an optimism-corrected AUC of 0.69."* When
the change in KL-6 from baseline to 12 months was added to
this model, the AUC increased to 0.89 (95% CI 0.82-0.97),
with an improvement in both the sensitivity (95%) and specific-
ity (74%; Supplementary Figure 2). The change in KL-6
remained robustly and significantly associated with the devel-
opment of PPF even after adjusting for these baseline variables
with an odds ratio of 1.4 for a 0.10-unit increase in KL-6
(Table 2). The optimism-corrected AUC resulting from the
bootstrap analyses was 0.86; the Brier score was 0.09 (the
Brier score range is 0-1; a lower score is better). The Ridge
regression analysis, applied to adjust for multicollinearity and
potential overfitting, resulted in varying degrees of coefficient
shrinkage across model parameters when compared to the
original logistic regression coefficients. Notably, for both A
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Table 1. Mean change in biomarker levels from baseline to 12 months in the SLS Il cohort*
Biomarker No PPF, mean (+SD)? PPF, mean (+SD)? Effect size P value Adj. P value®
CRP, pg/mL
Entire cohort -1.79(£12.21) -1.77 (x11.79) 0.19 0.449 0.651
MMF arm -3.92 (£11.93) 1.23(£14.70) 0.68 0.040 0.068
IL-6, pg/mL
Entire cohort -0.12 (£9.90) -0.31 (£5.60) 0.12 0.632 0.651
MMF arm -1.44 (+9.53) -1.54 (£5.75) 0.09 0.99 0.990
KL-6, U/mL
Entire cohort —-207.45 (£670.26) 365.68 (£+434.41) 1.15 <0.001 <0.001
MMF arm —-226.76 (+432.83) 241.09 (+421.26) 1.28 0.004 0.0217
CCL18, ng/mL
Entire cohort —63.86 (+99.74) -52.78 (+87.79) 0.11 0.651 0.651
MMF arm =78.19 (£107.13) -68.76 (+101.25) 0.08 0.74 0.922
CXCL4, ng/mL
Entire cohort -1,099.83 (+1,708.56) -286.14 (£2,223.30) 0.44 0.091 0227
MMF arm —-894.76 (£1,568.60) 695.15 (£1,857.61) 0.98 0.038 0.068
* Adj., adjusted; CRP, C-reactive protein; CXCL, C-X-C motif chemokine ligand; IL, interleukin; KL, Krebs von den
Lungen; MMF, mycophenolate mofetil; PPF, progressive pulmonary fibrosis; SLS, Scleroderma Lung Study.
@ Values are mean change (+SD) based on raw biomarker measurements before log transformation.
P values were obtained using Student'’s t-test in the entire cohort and Wilcoxon's rank-sum test in the arm who
received MMF. P values were adjusted using the false discovery rate method.
settings, all variables remained in the model, indicating their DISCUSSION

continued relevance to the predictive outcome despite the reg-
ularization. The model’s discriminative ability, as measured by
the AUC, remained unchanged (AUC 0.89) under both set-
tings. In an exploratory analysis, we examined the relationship
between the change in KL-6 level from baseline to 12 months
and the change in quantitative ILD- whole lung (QILD-
WL) score from baseline to 24 months. In this linear regression
analysis, the change in KL-6 at 12 months was significantly
associated with the change in QILD-WL at 24 months (esti-
mate 5.86, 95% CI 2.03-9.70; P = 0.0032).

The present study confirms prior reports that treating
patients who have active SSc-ILD with cytotoxic/
immunomodulatory medications, MMF or CYC in these studies,
can lead to measurable changes in circulating biomarkers of
inflammation and fibrosis. ' In addition, our analysis found that
the magnitude and direction of change in plasma KL-6 levels over
the first 12 months of therapy is associated with the development
(or not) of PPF in the following year and can add significantly to the
predictive power of previously defined baseline features. These
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Figure 1. (A) Change in Krebs von den Lungen (KL)-6 in patients who developed progressive pulmonary fibrosis (PPF; red) and those who did
not develop PPF (blue) in the combined treatment arms. (B) Change in C-reactive protein (CRP) in patients who developed PPF (red) and those
who did not develop PPF (blue) in the arm who received mycophenolate mofetil alone.
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Table 2. Multivariable logistic regression model for predicting PPF
inthe SLS Il (n = 99)*

Variable Odds ratio 95% Cl Pvalue
Female 0.16 0.04-0.7 0.0148
Baseline CXCL4 level 0.53 0.3-0.93 0.0270
Baseline reflux score 43 1.24-14.87 0.0213
Change in KL-6 1.4 1.17-1.66 0.0002

* Cl, confidence interval; CXCL, C-X-C motif chemokine ligand; KL,
Krebs von den Lungen; PPF, progressive pulmonary fibrosis; SLS,
Scleroderma Lung Study.

findings are in line with prior observational studies evaluating serial
changes in KL-6 in patients with SSc-ILD.">"®

For example, in a retrospective study of patients with SSc
(87% of whom received immunomodulatory treatment) who
underwent KL-6 measurement every two months for six months
after SSc diagnosis (n = 110), patients with ILD (n = 64) had higher
baseline KL-6 levels than the entire population with SSc.™® In the
subgroup of patients, serum KL-6 levels changed over time, but
in other patients, KL-6 levels remained stable.'® Several factors
affected KL-6 variability over two years, including the presence
of ILD, diffuse cutaneous disease, positive anti-Scl-70 antibodies,
negative anticentromere antibodies, increased ILD severity, and
immunomodulatory treatment."® In another study of patients with
ILD (n = 85, of whom 33 had connective tissue disease, ILD),
sequential changes in KL-6 were significantly associated with
progression of ILD (defined by death or a decline in FVC >10%
or DLoo >15% or more at 12 months).'” Moreover, a study of
77 patients with SSc-ILD demonstrated that an increase in KL-6
of more than 193 U/mL from baseline was significantly associated
with SSc-ILD progression (defined as >10% relative decline in
FVC predicted or 5%—-10% decline in FVC predicted along with
radiologic progression on HRCT; hazard ratio 7.19, 95% Cl 3.3—
15.7).'8 If validated in additional prospective cohorts, the results
of the present study have important implications for monitoring
treatment response to immunomodulatory therapy in patients
with SSc-ILD.

Although our prior studies have demonstrated that the
majority of patients in the SLS Il responded favorably to treatment
of receiving CYC and MMF,%'® a significant subset of patients
experienced PPF despite treatment. In a nonclinical trial popula-
tion of patients with more comorbidities, the percentage of nonre-
sponders may be larger.”® Discerning a favorable treatment
response in a timely manner is challenging in clinical practice
because our current response indicators for PPF (respiratory
symptoms, worsening lung function, and/or thoracic imaging)
are often difficult to document or only occur late in the disease
after significant lung damage has occurred. For example, the
intertest variability for FVC is large enough that small changes in
FVC measurements are of uncertain clinical significance unless a
clear trend across multiple FVC measurements emerges. Simi-
larly, small changes in the radiologic extent of ILD are also difficult

to interpret, particularly because structural changes discerned on
HRCT (eg, reticulation) cannot discriminate active from inactive
fibrosis. For these reasons, it may not become clinically evident
that a particular patient is not responding favorably to therapy until
a year or more has passed. Because SSc-ILD progression within
the first one to two years of therapy is associated with increased
mortality rates,?>2" accurately determining response to therapy
within this time window is critical.

The present study demonstrated that levels of the pneumo-
protein KL-6 increased in patients who developed PPF
and decreased in patients who did not develop PPF in response
to treatment of receiving either MMF or CYC. Even after adjusting
for other risk factors of PPF, the change in KL-6 remained signifi-
cantly associated with PPF under varying degrees of regulariza-
tion. These findings suggest that KL-6 in particular may be an
important indicator of treatment response to therapy by receiving
MMF and CYC. In certain countries, such as Japan, KL-6 is
already routinely used in clinical practice to monitor SSc-ILD pro-
gression at a relatively low cost (ie, the equivalent of 7 US dollars
[USD]) and is covered in part by health insurance. Therefore, the
addition of the change in KL-6 variable to our previously published
PPF prediction model would add a negligible cost (ie, the equiva-
lent of approximately 14 USD).

This study also found that in addition to KL-6, CRP and
CXCL4 levels increased in patients who developed PPF and
decreased in patients who did not develop PPF specifically in
response to treatment by receiving MMF. These findings are nota-
ble because they suggest that different therapies may have dis-
tinct associated response biomarkers. Due to the relatively small
sample size of the arm of patients who received MMF (n = 49),
multivariable analyses could not be performed. Nevertheless, the
CRP findings are consistent with a recent observational study,
which demonstrated that persistent elevation in CRP was associ-
ated with an increased risk of death in 1,171 patients with SSc-
ILD treated with various immunomodulatory therapies.?? Because
CRP tests are cost-effective and widely available, serial measure-
ments of CRP may improve how we monitor treatment response
to receiving MMF.

Despite the small number of patients who developed PPF in
the present study, we discovered significant associations in this
well-characterized cohort of patients with SSc-ILD undergoing
uniform follow-up assessments and receiving standardized treat-
ment. Even after adjusting for the false discovery rate, the change
in KL-6 remained significantly associated with PPF. Although
these findings require validation in other cohorts, the present
results also provide insights into the key biologic pathways
affected by treatment by receiving MMF and CYC. Understanding
these pathways is important for future drug discovery and for the
personalization of treatment of patients with SSc-ILD. For exam-
ple, we have previously demonstrated that high CXCL4 at base-
line is associated with a more favorable response to therapy of
receiving MMF and CYC.'®
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Recognizing that the SLS Il cohort was composed of
patients with SSc-ILD who were treatment naive to MMF and
CYC and relatively early in their disease course (mean disease
duration of approximately two years), it will be important in future
studies to determine whether changes in these biomarkers occur
at later stages of the disease and under different therapeutic con-
ditions. In the SENSCIS trial, KL-6 decreased in response to treat-
ment by receiving nintedanib.’* However, it is unknown whether
the magnitude of decline in these biomarkers was associated with
future ILD progression in the SENSCIS trial.

Another limitation of the present study is that the bio-
markers were measured at 12 months when a response to
SSc-ILD therapy may be detectable with our currently available
response indicators (eg, pulmonary function tests, HRCT).
Future studies are needed to determine whether changes in
these biomarkers are appreciated at early time points (ie, three
and six months after treatment initiation). Reliable response bio-
markers detectable early in the course of SSc-ILD treatment
could minimize exposure to toxic therapies that are not confer-
ring benefit and maximize exposure to alternative therapies that
do confer benefit.

In summary, treatment by receiving MMF and CYC led to
measurable decreases in CRP, IL-6, CXCL4, KL-6, and CCL-18
levels in the circulation in patients with SSc-ILD. The change in
KL-6 levels at 12 months was significantly associated with future
PPF, even after adjusting for potential confounders. In the arm of
patients who received MMF, the change in CRP was associated
with PPF, suggesting that serial measurements of CRP may pro-
vide information about treatment response to this therapy. Addi-
tional studies are needed to determine how these response
biomarkers perform in patients receiving alternative SSc-ILD ther-
apies, including nintedanib, tocilizumab, and rituximab.
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Objective. The objective was to determine the mortality rate as well as the causes and predictors of death in anti-
phospholipid antibody (aPL)—-positive patients with and without antiphospholipid syndrome (APS) classification.

Methods. The inclusion criterion for the multicenter international Antiphospholipid Syndrome Alliance for Clinical
Trials and International Networking (APS ACTION) registry is positive aPLs according to the Revised Sapporo Classifi-
cation Criteria tested within one year before enroliment. Patients are observed every 12 + 3 months with clinical data
and blood collection. For this prospective analysis, we first analyzed the causes of death for patients reported as
“deceased.” Secondly, we analyzed risk factors for death using the adjusted Cox proportional hazards model and cal-
culated survival probability using the Kaplan-Meier model based on different age groups.

Results. Of 967 patients, 43 (5%) were deceased after a median follow-up of 5.3 years. Based on the univariate anal-
ysis, deceased patients, compared to living patients, were more likely to be older and have a history of arterial thrombosis,
catastrophic APS, concomitant systemic autoimmune diseases (SAIDs), and baseline cardiovascular disease (CVD) risk
factors. Based on the Cox proportional hazards model adjusted for age and for each of the strongest predictors of death,
arterial thrombosis (hazard ratio [HR] 2.94, 95% confidence interval [Cl] 1.50-5.76), concomitant SAIDs (HR 2.97, 95%
1.56-5.63), and baseline any CVD risk factor (HR 2.43, 95% Cl 1.05-5.71) were significantly associated with mortality.

Conclusion. In our cohort of persistently aPL-positive patients, the mortality rate was 5% after a median follow-up
of five years and was highest for patients >60 years old at registry entry. History of arterial thrombosis, concomitant

SAIDs, and baseline any CVD risk factor independently predicted future death.

INTRODUCTION

Antiphospholipid syndrome (APS) is a systemic autoimmune
disorder marked by thrombosis, pregnancy morbidity, and
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nonthrombotic manifestations (eg, thrombocytopenia) occurring
because of antiphospholipid antibodies (aPLs)." The disorder is
called “primary APS” when it occurs independently of other auto-
immune diseases, or it can be associated with other systemic
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SIGNIFICANCE & INNOVATIONS

+ Only a few studies exist addressing mortality in anti-
phospholipid syndrome (APS); thus, this study was
designed to determine the mortality rate as well as
the causes and predictors of death in antiphospho-
lipid antibody (aPL)-positive patients with and with-
out APS classification.

+ Based on the prospective analysis of an interna-
tional multicenter cohort, the mortality rate was
5% after a median follow-up of five years (estimated
five-year survival probability from the registry entry
as 0.96 [95% confidence interval (Cl) 0.94-0.97]) and
was highest for patients >60 years old at registry
entry (estimated five-year survival probability as
0.86 [95% Cl 0.77-0.92]).

« Infections, thrombosis, and malignancy were the
most common causes of death; history of arterial
thrombosis, concomitant systemic autoimmune
diseases, and baseline any cardiovascular risk fac-
tor independently predicted future death.

+ Our findings underscore the importance of consid-
ering the aforementioned factors in the manage-
ment of patients with APS and hopefully will aid
clinicians in identifying high-risk patients with APS.

autoimmune diseases (SAIDs), most commonly systemic lupus
erythematosus (SLE).

Knowledge on the mortality of APS is limited; however,
based on a small number of studies, mortality rates surpass those
of the general population. Rodziewicz et al demonstrated stan-
dardized mortality ratios (SMRs) of 1.49 and 1.33 in female and
male patients with APS, respectively, compared to the UK general
population.? Although a US study® reported an APS SMR of 1.61,
with a 10-year survival rate of 80%, in the Euro-Phospholipid
project,* the 10-year survival rate was 90.7%, and the unadjusted
SMR was 1.8.

The Antiphospholipid Syndrome Alliance for Clinical Trials
and International Networking (APS ACTION) was created in
2010 specifically to conduct large-scale multicenter clinical stud-
ies and trials in persistently aPL-positive patients. The goal of the
APS ACTION Clinical Database and Repository (“registry”) is to
study the natural course of disease over at least 10 years in
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persistently aPL-positive patients with or without other SAIDs.%
Given the limited data on APS mortality, our objective was to
determine the mortality rate as well as the causes and predictors
of death in aPL-positive patients with and without APS classifica-
tion using the APS ACTION registry.

METHODS

The APS ACTION registry is a web-based data capturing
system to store patient demographics, history, and medications
(Members of the APS ACTION group are listed in Appendix A).
The inclusion criterion is positive aPLs according to Revised
Sapporo Classification Criteria® tested twice (at least 12 weeks
apart) within one year before enrollment. Patients are observed
every 12 + 3 months with clinical data and blood collection.
aPL-specific medical history (including microvascular or non-
thrombotic aPL-related manifestations), aPL/APS-related medi-
cations, and blood samples (for aPL positivity confirmation) are
collected at registry entry. At each follow-up visit, clinical data
for the new aPL-related events and new SAIDs, blood samples,
and medication changes are collected. For patients with
center-reported early terminations, the reason for termination
(and in case of death, both the primary cause and the secondary
causels)) is collected. The registry data are managed using the
REDCap electronic data capture tool, a secure web-based sys-
tem designed to support research studies.” The registry is
approved by each participating center’s institutional review
board.

In this prospective analysis of the registry, we grouped
patients into two groups: (1) those reported as “deceased” during
the follow-up and (2) those who are actively followed up (“living”).
Firstly, we descriptively analyzed the causes of death (based on
investigators’ report) for patients reported as “deceased” during
the follow-up. Secondly, we compared the clinical and laboratory
characteristics of deceased versus living patients.

For the descriptive analysis, data were summarized; mean +
SD was used for continuous variables. For the comparison of
mortality rates between groups, we used a Cox proportional haz-
ards model using age as the time scale (patients with no follow-up
visits, eg, those with recent registry recruitment, were excluded,
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and those with early termination were censored). To construct the
multivariable model in stepwise approach, variables that were sta-
tistically significant in the univariate analysis were included. The
absolute risk of death was estimated using the Kaplan-Meier
approach, stratified by age group, sex, and concomitant SAIDs.

RESULTS

As of May 2023, of 1,174 patients recruited, 207 (18%) had
no follow-up data. There was no major difference between the
major demographic and clinical characteristics of patients with or
without follow-up, except those who had follow-up were older
and more likely to have SLE (Supplement Table 1).

Among the 967 participants with any follow-up data (mean +
SD age at registry entry: 45.6 + 13.3 years; female sex:
n =723 [75%)]; White race: n = 657 [68%]), 43 (5%) were reported
as deceased after a median follow-up of 5.3 years (interquartile
range: 2.4-7.9 years; mean + SD: 4.9 + 3.2 years for all partici-
pants and 2.6 + 2.4 years for those deceased; Table 1 and Sup-
plement Table 2). As part of the primary and/or secondary
causes of death, infection was reported by investigators in
14 (83%) patients, thrombosis was reported in 10 (23%), and
malignancy was reported in 8 (19%) (not mutually exclusive)
(Table 2).

Based on the univariate analysis, deceased patients, com-
pared to living patients, were more likely to be older and have a
history of arterial thrombosis, catastrophic APS (CAPS), concom-
itant SAIDs, and baseline cardiovascular disease (CVD) risk fac-
tors (Table 1). After adjustment for age, history of arterial
thrombosis (hazard ratio [HR] 2.99, 95% confidence interval
[Cl] 1.56-5-74), CAPS (HR 1.79, 95% CI 0.79-4.08), concomi-
tant SAIDs (HR 2.85, 95% ClI 1.52-5.36), and baseline any CVD
risk factor (HR 2.85, 95% Cl 1.23-6.58) were significantly more
common in deceased patients compared to living patients
(Table 3). Based on the Cox proportional hazards model adjusted
for age and for each of the other four strongest predictors of
death, history of arterial thrombosis (HR 2.94, 95% CI 1.50-
5.76), concomitant SAIDs (HR 2.97, 95% Cl 1.56-5.63), and
baseline any CVD risk factor (HR 2.43, 95% Cl 1.05-5.71) were
significantly and independently associated with mortality (Table 4).

The estimated five-year survival probability from registry entry
for the entire cohort was 0.96 (95% Cl 0.94-0.97). The estimated
five-year survival probabilities from registry entry by age group
were 0.98 (95% CI 0.92-0.99) for patients <30 years old (n =
2 of 119), 0.98 (95% CI 0.95-0.99) for patients 30 to 44 years
old (n = 8 of 362), 0.96 (95% CI 0.93-0.98) for patients 45 to
59 years old (n = 11 of 340), and 0.86 (95% CI 0.77-0.92) for
patients >60 years old (n = 22 of 142) (Figure 1). The estimated
five-year survival probabilities from registry entry by sex were
0.96 (95% CI 0.94-0.97) for female patients and 0.94 (95% CI
0.90-0.97) for male patients. The estimated five-year survival
probabilities from registry entry by concomitant SAIDs were 0.98

(95% CIl 0.96-0.99) for those without other SAIDs and 0.92
(95% CI 0.89-0.95) for those with other SAIDs.

DISCUSSION

Based on a prospective follow-up of an international cohort
of 967 participants over a median follow-up of 5.3 years, our anal-
ysis revealed that 5% of individuals were reported as deceased,
with infection, thrombosis, and malignancies identified as the pri-
mary causes of death. History of arterial thrombosis, concomitant
SAIDs (mostly lupus), and baseline any CVD risk factor indepen-
dently predicted future death.

A prospective follow-up study of 1,000 patients with APS
from 13 European countries, despite 15% (at 5 years) and 42%
(at 10 years) lost-to-follow-up rates, demonstrated that 53 (5%)
and 93 (9%) were deceased at 5 and 10 years, respectively,
thrombosis (37%) and infections (27 %) being the primary contrib-
utors to death. The overall survival probability at the end of the
10-year period”® was 91%. Based on another single-center pro-
spective study of 160 patients; the mortality rate was 6.3% (pri-
marily attributed to thrombosis, hemorrhage, and cancer), and
the survival probability was 94% at 10 years.® Our prospective
results support these studies; approximately 5% of persistently
aPL-positive patients (91% with APS classification) were
deceased during the five-year follow-up.

The number of studies investigating the predictors of death in
patients with APS is limited. Based on retrospective follow-up of
114 patients with APS for 38 years (mortality rate 30%), low-to-
moderate-level thrombocytopenia (platelet count 50-150 x 10%/L)
was linked to increased mortality.’® In the systematic review of
16 studies with 1,740 patients, four studies (352 patients)
reported that 18 deaths were directly related to recurrent throm-
boses (12 arterial, 5 venous, and 1 both)."" In patients with CAPS,
concomitant lupus diagnosis increases the risk of death.'?
Although no studies investigated the impact of CVD risk factors
on mortality in APS, independent risks for thrombosis in aPL-
positive individuals include age, male sex, hypertension, diabetes,
and smoking."® Our study is the largest cohort study investigating
the predictors of death in aPL-positive patients, which demon-
strates that history of arterial thrombosis, lupus, and CVD risk fac-
tors independently increase the risk of death, even after
adjustment for age. These findings build on previous studies,
which were often confined to single centers, were retrospective,
and/or were based on descriptive or univariate analysis. Thus,
our study provides a more comprehensive understanding of the
impact of APS on mortality.

Furthermore, our study highlights several important areas in
patient care that could significantly influence outcomes in persis-
tently aPL-positive patients. Infection, identified as the leading
cause of death, underscores the importance of implementing
robust prevention and management strategies. This includes prior-
itizing immunization schedules, enhancing infection surveillance,
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Table 1. Selected baseline demographic and clinical characteristics, by deceased vs living patients (N = 967)*
Deceased (n = 43) Living (n = 924) Pvalue
Demographics
Female, n (%) 28 (65) 695 (75) 0.14
Race, n (%)
White (n = 690) 29 (67) 628 (68) 0.94
Latin American (n = 93) 5(12) 92 (10) 0.72
Asian (n = 80) 4(9) 74 (8) 0.76
Black (n = 25) 3(7) 27 (3) 0.13
Age at registry entry, mean + SD, y 54+15 45+13 0.00
18-30(n=127) 27 +2 26+3 0.57
31-44 (n = 340) 38+4 37+4 0.44
45-59 (n = 343) 54 +5 52+4 0.07
>60 (n = 157) 69 +6 66 +5 0.02
Concomitant systemic autoimmune disease, n (%) 29 (67) 432 (47) 0.007
Systemic lupus erythematosus, n (%) 23 (54) 306 (33) 0.005
Disease duration, mean + SD, y 16.0+£10.3 12.0+10.1 0.05
Clinical manifestations
No APS classification, n (%) 3(7) 202 (22) 0.01
Arterial thrombosis, n (%) 28 (65) 299 (32) <0.001
Venous thrombosis, n (%) 20 (47) 390 (42) 0.58
Microvascular disease,® n (%) 5(12) 56 (6) 0.14
Catastrophic APS,° n (%) 2 (5) 9 (1 0.03
Obstetric APS, n (%) 2(7) 161 (23) 0.05
Thrombocytopenia,® n (%) 11(26) 174(19) 0.27
Duration since first aPL-related event, mean £ SD, y 10.0£82 10.0+ 86 1.0
aPL profile
Triple aPL positivity, n (%) 11 (26) 312 (34) 0.27
Any LA positivity (except triple aPL), n (%) 10(23) 158 (17) 0.29
Double aPL positivity (except LA), n (%) 7(16) 107 (12) 0.35
Single aPL positivity (except LA), n (%) 15 (35) 346 (39) 0.73
Duration since first positive aPL test result, mean + SD, mo 124 £ 214 86 + 148 0.11
Medications (baseline), n (%)
VKA only 20 (46.5) 335(36) 0.17
LMWH only 1(2.3) 19(2) 0.90
VKA plus antiplatelet agent 8(18.6) 141 (15) 0.55
LMWH plus antiplatelet agent 0 22(2) 0.31
Antiplatelet agent only 10(23.2) 281 (30) 0.32
Direct oral anticoagulants 0 30(3) 0.23
Statin medications 18 (42) 211(23) 0.004
Hydroxychloroguine 24 (55.8) 437 (47) 0.27
Glucocorticoids (ever) 12 (28) 45 (5) 0.000
Immunosuppression use (ever)? 9(21) 221 (24) 0.86
CVD risk factors (baseline), n (%)
Any CVD risk factor 42 (98) 714(77) 0.001
Obesity 16 (37) 232 (25) 0.07
Hypertension with medication 27 (63) 291 (32) <0.001
Diabetes with medication 5(12) 50 (5) 0.09
Hyperlipidemia with medication 14 (32) 214 (23) 0.16
Hormone replacement 2(5) 47 (5) 0.90
Nephrotic syndrome 3(7) 8 (1) <0.001
Chronic kidney disease 8(19) 30 (3) <0.001
Sedentary lifestyle® 28 (65) 360 (39) <0.001
Family history of early CVD 11 (26) 110(12) 0.008
Smoking (active/historical) 17 (39) 312 (34) 0.44

* Bold indicates statistical significance. aPL, antiphospholipid antibody; APS, antiphospholipid syndrome;

lupus anticoagulant test; LMWH, low-molecular-weight heparin; VKA, Vitamin K antagonist.
2 Diffuse pulmonary hemorrhage, aPL nephropathy, and/or livedoid vasculopathy.
P Based on the “definite” or “probable” catastrophic APS classification criteria.

¢ Otherwise unexplained persistent platelet count < 100 x 10%/L.

CVD, cardiovascular disease; LA,

94 Excluding glucocorticoids and hydroxychloroquine and including azathioprine, mycophenolate mofetil, methotrexate, cyclosporine, rituxi-

mab, cyclophosphamide, and intravenous immunoglobulin.
€ Less than 30 minutes of daily exercise.
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Table 2. Primary or secondary causes of death, reported by inves-
tigators, in 43 patients

Table 3. The association between various baseline characteristics
of aPL-positive patients and mortality, adjusted for age*

Causes of death n (%)
Infection with or without sepsis® 14 (33)
Venous thromboembolism and/or arterial thrombosis 10 (23)
Malignancy 8(19)
Other® 7(16)
Bleeding 5(12)
Unknown 5(12)

@ Three patients due to COVID-19.

b Congestive heart failure (n = 1), lupus flare (n = 2), multiorgan fail-
ure (n = 2), respiratory failure after a fall (n = 1), and aortic dissection
n=1).

optimizing the use of iImmunosuppressive therapies, and patient
awareness regarding infection risks and the importance of prompt
medical attention for early symptoms. The role of CVD risk factors
as a major predictor of death emphasizes the critical need for com-
prehensive cardiovascular risk management. Integrating targeted
interventions, such as tobacco cessation programs, intensive
blood pressure and cholesterol management, and lifestyle modifi-
cations (eg, diet and physical activity), into routine care is essential.
Given the association between arterial thrombosis and increased
risk of death, personalized approaches to thrombosis prevention,
including tailored anticoagulant and/or antiplatelet therapies,
should be considered to mitigate individual risks effectively.

Our study has several strengths when compared to previous
studies addressing mortality in APS. The prospective nature of the
data collection and analysis, with a median follow-up of 5.3 years,
enhances the reliability of the findings by allowing for the longitudi-
nal assessment of mortality and associated factors in a sizable
international multicenter cohort. The inclusion criterion, requiring
persistently positive aPLs according to Revised Sapporo Classifi-
cation Criteria, contributes to the homogeneity of the study popu-
lation and ensures the specificity of the findings to individuals with
confirmed APS. The use of meticulous statistical methods, includ-
ing adjusted Cox proportional hazards models and Kaplan-Meier
survival analyses, strengthens the robustness of the results,
allowing more accurate identification of independent predictors
of death compared to the previous studies. The diverse demo-
graphic representation of the study population, including survival
probabilities categorized by age, makes the findings applicable
across different age groups.

Despite its strengths, this study has several limitations that
warrant consideration. Selection bias toward survivors should be
acknowledged given that those with severe APS clinical pheno-
types (eg, CAPS, or severe SAIDs) might not have survived to be
enrolled in the registry. Smaller sample sizes in specific age
groups could reduce the accuracy of survival estimates and limit
the applicability of findings to certain subpopulations, for
example, given the small number of patients treated with
different immunosuppressives, we could not explore specific
immunosuppressive agents in our multivariate model. Relying on
investigator-reported causes of death introduces the chance of

Hazard
ratio (95% Cl) Pvalue

2.85(1.52-5.36) 0.001

Patient characteristics (N = 967)

Concomitant systemic autoimmune
disease
Clinical manifestations

Arterial thrombosis 2.99 (1.56-5.74) 0.001

Venous thrombosis 1.24(0.67-2.32) 0.49

Microvascular disease 1.60 (0.67-3.84) 0.29

Catastrophic APS 2.92 (1.49-5.73) 0.018

Thrombocytopenia 1.85(0.65-5.27) 0.25
aPL profile

Triple aPL positive
Any LA positive (except triple)

0.74(0.37-1.49) 0.40
1.30(0.70-2.40) 0.41

Medications
Statin medications 1.73 (0.88-3.40) 0.11
Hydroxychloroguine 1.57(0.84-2.92) 0.16
Glucocorticoids 1.94 (0.98-3.81) 0.06

Any CVD risk factor? 2.85(1.23-6.58) 0.014

* Bold values indicate significance. aPL, antiphospholipid antibody;
APS, antiphospholipid syndrome; Cl, confidence interval; CVD, car-
diovascular disease; LA, lupus anticoagulant test.

@ Any CVD risk factor includes obesity, hypertension with medica-
tion, diabetes with medication, hyperlipidemia with medication,
hormone replacement, nephrotic syndrome, chronic kidney dis-
ease, sedentary lifestyle, family history of early CVD, and smoking
(active/historical).

misclassification or underreporting, impacting the accuracy of
identified main causes of death, that is, there was no systematic
analysis of vital statistics data given the multicenter international
nature of the study. Additionally, the exclusion of individuals with
no follow-up may introduce a potential source of bias because
those without follow-up may have different characteristics or out-
comes (eg, early death rates) than those with follow-up data;
however, the clinical characteristics of our patients with and with-
out follow-up data were mostly similar.

In summary, based on the analysis of our international multi-
center registry of persistently aPL-positive patients, the mortality
rate is relatively low, especially for younger age groups. Given
the significant associations between mortality and CVD risk fac-
tors, arterial thrombosis, and concomitant SAIDs, our findings
underscore the importance of considering these factors in the

Table 4. Independent associations between baseline characteris-
tics of antiphospholipid antibody—positive patients at registry entry
and mortality, adjusted for age and each other for four strongest pre-
dictors of death*

Hazard
Patient characteristics (N = 967) ratio (95% Cl) P value
Arterial thrombosis 2.94 (1.50-5.76) 0.0017
Concomitant systemic 2.97 (1.56-5.63) 0.0009

autoimmune diseases
Catastrophic antiphospholipid
syndrome
Any CVD risk factor 2.43(1.05-5.71) 0.0414

* Results were similar when history of glucocorticoid use was also
added to the model, with a hazard ratio of 1.20 (95% Cl 0.58-2.46,
P =0.6205). Bold values indicate significance. Cl, confidence interval;
CVD, cardiovascular disease.

2.52(0.57-11.3) 0.23




MORTALITY IN APS

765

Product—Limit Survival Estimates

104 e e
L S e e
T = Sy, s
—
-
08+
>
&=
Z 06
a
£
o
4
o
2
€ 04+
w
024
00 - T T T T T T
0 2 4 6 8 10

Years Since Entering Cohort

| agegroup

{30 ——— 30-44 — - — 4559 —— — 60+ |

Figure 1. Estimated five-year survival probabilities of antiphospholipid antibody—positive patients (from the time of registry entry), by age groups.

management of patients with APS, contribute to a better under-
standing of the disease’s natural course, and hopefully will aid cli-
nicians in identifying high-risk patients.
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Physician Views and Attitudes Regarding Tobacco-Cessation
Strategies for Patients with Rheumatoid Arthritis

Maria A. Lopez-Olivo," () Johncy J. Kachira," Sheneze Madramootoo," Kaleb Michaud,? {’ Rebecca Schumacher,?

Paul Cinciripini," and Maria E. Suarez-Almazor’

Objective. In this study, we explored physicians’ level of experience with patients with rheumatoid arthritis
(RA) who used tobacco, their views on the effects of tobacco use on the efficacy of RA treatments, and their experi-
ences and attitudes with respect to tobacco-cessation programs.

Methods. We conducted qualitative, semistructured interviews of 20 physicians (10 primary care physicians [PCPs]
and 10 rheumatologists).

Results. The physicians had been in clinical practice for a mean of 9.9 years. Research themes included (1) risk per-
ception of smoking, (2) cessation aids used, (3) preferences to deliver cessation programs, and (4) barriers and facilita-
tors for tobacco cessation. For the first theme, many PCPs did not perceive smoking as influencing RA disease activity.
For the second theme, most physicians supported the use of nicotine-replacement therapy and agreed that cessation-
drug therapy (eg, varenicline, bupropion) worked better than nicotine-replacement therapy or other cessation strate-
gies, especially in patients with failed cessation attempts. For the third theme, some physicians recommended that
patients join the Quitline cessation program and enroll in peer support communities; others found educational pro-
grams informing patients about the benefits of quitting and tailored with messages according to patients’ specific clin-
ical characteristics to be useful. For the fourth theme, PCPs and rheumatologists reported similar barriers to offering
smoking-cessation programs (eg, lack of time, training in tobacco cessation, and financial motivation).

Conclusion. Physicians agreed with the need for tailored, multifaceted interventions to support tobacco cessation
in patients with RA. However, many perceived major barriers to helping their patients quit, some of which could be

overcome by training.
INTRODUCTION

Smoking is a risk factor for developing rheumatoid arthritis
(RA)."2 The risk of developing RA is about 40% higher in smokers
compared with never smokers, with the risk increasing as the
number of years of smoking increases.>™ Tobacco use is also
associated with increased RA disease activity and poorer
responses to RA treatment.® However, compared with the gen-
eral population of smokers, patients with RA are less likely to quit
smoking.”

Although interventions like nicotine-replacement therapy
(NRT), cessation-drug therapy (eg, varenicline, bupropion), health
education, counseling, antismoking advertising, training physicians,
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and their combinations have been used to help patients stop using
tobacco, the programs tested so far have been unsuccessful
among most patients with RA, exposing the necessity to better
understand the unique needs of this population for giving up the
use of tobacco.*® Some studies have found individualized support
from physicians to be an important component of cessation pro-
grams; such support increases patients’ adherence to cessation
strategies.”® For patients with RA, primary care physicians (PCPs)
and rheumatologists are the first contacts for tobacco manage-
ment. Therefore, the primary objective of our study was to obtain
an in-depth understanding of the current practices among PCPs
and rheumatologists with respect to tobacco-cessation referrals
and what physicians perceive their patients need. Our overall goal
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SIGNIFICANCE & INNOVATIONS

+ Cessation aids used by primary care physicians
(PCPs) and rheumatologists include counseling and
medications like nicotine-replacement therapy.
However, there were discrepancies in comfort and
perceived effectiveness, particularly concerning
e-cigarettes.

+ Both PCPs and rheumatologists expressed willing-
ness to implement tobacco-cessation programs tai-
lored specifically for patients with rheumatoid
arthritis.

« Key barriers identified included limited time for
counseling, lack of access to cessation medications,
and patients’ resistance to quitting.

is to develop a robust, web-based tobacco-cessation program tai-
lored to the needs of patients with RA.

METHODS

Qualitative approach and research paradigm. This
qualitative study has been reported according to the Standards
for Reporting Qualitative Research.® We used a phenomenologi-
cal approach to understand participants’ experiences and per-
ceptions of tobacco-cessation strategies for patients with
RA. We used a constructivist paradigm to identify what was
important to them and their patients.

Researcher characteristics and reflexivity. The
research team included two nonpracticing physicians with experi-
ence in qualitative methods (MAL-O, JJK), one rheumatologist
with expertise in epidemiologic designs and qualitative methods
(MES-A), one expert in tobacco-cessation research (PC), two
rheumatology researchers who manage a registry for patients
with RA (KM, RS), and one research data coordinator with experi-
ence in qualitative research (SM). Two of the researchers had col-
laborated in research activities unrelated to this study’s topic with
four of the rheumatologists interviewed. The interviewer (JUK) was
not familiar with any of the physicians interviewed.

Context and sampling strategy. Study staff worked in a
hybrid format, and most study activities were done remotely. We
interviewed physicians from three different practices in Houston,
Texas, and its metropolitan area affiliated with academic centers,
which include both hospital-based and community clinics. The
names of all the PCPs and rheumatologists from each practice
site were entered into a spreadsheet (2 separate lists of names)
and contact information for each physician was obtained from
each practice website. We excluded trainees, faculty with admin-
istrative positions, and nonphysician health care providers. Out of
582 potentially eligible participants, we generated a randomly
ordered list of 300 physicians, which included individuals from

104 family practices, 63 multispecialty practices, and 133 care
centers/hospitals. Physicians were contacted via email in the
order they appeared on the list. Every week, 10 eligible physicians
were contacted. Study staff made three weekly attempts to reach
the participants, and if the participants refused to take part in the
study or could not be reached, the next candidates on the ran-
domly ordered list were contacted. On the basis of previous stud-
ies and our own experience, we believed that up to 20 interviews
with physicians would be sufficient to exhaust the most relevant
themes.'©

Ethical issues pertaining to human participants. This
study was approved by the Institutional Review Board of The Uni-
versity of Texas MD Anderson Cancer Center (protocol
#2021-0760). The risk of incidents arising from the interviews
was considered very low. Participants verbally consented to take
part in the study and were compensated for their participation.
The authors had ample experience conducting research in
health care.

Data collection methods and instruments. Interviews
were completed from August 2022 to February 2023. We used
a semistructured interview format developed by the research
team and informed by the findings of prior research on the
topic.*® The full interview guide is included in Supplemental Mate-
rial 1. Participants were asked about their experiences with
patients who were tobacco users, including their observations
on the prevalence of smoking in patients with RA, their thoughts
on the effects of smoking on the treatment response, and their
experiences with and views on smoking-cessation programs.
The questions were designed to be open ended to encourage
participants to be thoughtful and to consider all aspects of their
consultations with patients with RA that were important. Inter-
views lasted about 20 to 30 minutes on average and were con-
ducted via Zoom or over the phone. Participants were allowed
to ask questions during the interview if something was unclear.
During the conduct of the study, no modifications to the data col-
lection methods or instruments were needed.

Data collection. The interview questions and answers
were recorded (audio only), and self-reported information about
participants, including their demographic characteristics (ie, age,
sex, self-reported race and ethnicity), practice characteristics,
and years in practice, were collected. We used the NIH terminol-
ogy for racial and ethnic categories.”” The recorded sessions
were transcribed verbatim, and physicians’ names were replaced
with codes for deidentification purposes.

Data processing and units of analysis. The transcribed
interviews were entered into Dedoose, a cross-platform app, to
facilitate coding and analysis.'? Two investigators (JUK and SM)
crosschecked all transcriptions against the audio files to verify
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data integrity and become familiar with the raw data. The units of
data were the statements made in the participants’ own words.
We labeled the interviews with each physician’s medical specialty.

Data analysis. We organized, sorted, and interpreted the
physicians’ statements using a deductive approach. As a first
step, the responses contained in three transcripts were indepen-
dently coded by two coders (JUK and SM) and sorted into subcat-
egories according to the guiding questions of our interviews.
Responses were compared, and disagreements in terms of how
a response should be categorized were managed through con-
sensus or through discussion involving a third author (MAL-O). A
preliminary report was created to identify and define the sub-
themes that emerged from the data analysis. The report was sent
to the research team for feedback, and the team then created a
focused coding handbook that refined and expanded upon the
text. Thereafter, the coding handbook was used to code
the remaining transcripts.’

Techniques to enhance trustworthiness. To enhance
the credibility of this study, we interviewed PCPs (ie, family medi-
cine, internal medicine, geriatric medicine physicians) and rheu-
matologists with varying demographic traits and years of
experience. The participants were affiliated with organizations
providing various types of health care. The heterogeneity of our
sample enabled us to collect data on a diversity of experiences
and perceptions of physicians and thereby enhanced the applica-
bility of our findings to similar contexts. Additionally, we created a
comprehensive description of our study procedures and
approach to data analysis to further augment the dependability
of our study and its potential for replication. Our data were
checked and rechecked throughout the data collection and anal-
ysis process, and we developed a record of changes to the cod-
ing handbook to improve the reliability of our findings.

Table 1. Participants’ characteristics by specialty*

RESULTS

We interviewed 20 physicians: 10 PCPs and 10 rheumatolo-
gists. The mean age of the participants was 42.6 + 7.1 years.
Three participants (14%) were ethnically Hispanic, 14 of the par-
ticipants (70%) were female participants, and 11 of the partici-
pants (55%) were Asian. The mean time in clinical practice was
9.9 + 7.5 years. Sixteen participants (80%) described their prac-
tice as primarily academic. The average percent of time spent
seeing patients per week was 67.5% + 27.7%. On average, par-
ticipants saw 25.4 + 26.8 patients with RA per month (PCP range
4-20; rheumatologist range 15-100). Table 1 shows the partici-
pants’ characteristics by specialty. We classified physicians’
responses into 1,778 codes according to our research objectives:
(1) risk perception of smoking, (2) cessation aids used, (3) prefer-
ences for the delivery of cessation programs, and (4) barriers to
and facilitators for tobacco cessation.

Risk perception of smoking. Physicians shared their
views on the role of smoking in the development of RA and on
the RA course and prognosis in patients who smoke. Figure 1
summarizes the topics discussed under each subtheme.

Prevalence of smokers in RA population. The physicians had
differing opinions about the prevalence of tobacco use in people
with RA (ie, some perceived a high or low prevalence, and others
were unsure). Most PCPs agreed that smoking has a negative
effect on health; however, a few were unsure about there being
a clear link between smoking and RA development, considering
the potential multifactorial etiology of RA and the contradictory
evidence in the literature, and expressed that further research is
needed. Some rheumatologists believed that smoking might
affect autoimmunity and the development of anticitrullinated pro-
tein antibodies and thus change the immune system. However,
others were uncertain about an association between smoking

Entire cohort

Primary care Rheumatologists

Characteristic (n=20) physicians (n = 10)? (n=10)

Age, mean (SD) 42.6(7.1) 41.2 (5.8) 44 (8.4)
Female participants, n (%) 14 (70) 9 (90) 5 (50)
Hispanic or Latino ethnicity, n (%) 2 (20) 1(10)
Race, n (%)

Asian 11 (55) 3(30) 8 (80)

Black or African American 1(10) 1(10)

White 5(50) 1(10)

More than 1 race 1(10) —
Years of clinical practice, mean (SD) 9.9 (7.5) 8.3(6.7) 11.5(8.2)
Type of practice, n (%)

Academic 16 (80) 7 (70) 9 (90)

Public 1(10) —

Private 2 (20) 1(10)
Time in clinic, mean (SD) 67.5(27.7) 73 (25.0) 62 (30.6)
Patients with RA seen per month, mean (SD) 25.4(26.8) 8.1(4.7) 42.6 (28.8)

* RA, rheumatoid arthritis.

@ Including family medicine and internal medicine physicians.
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Figure 1. Mapping of topics discussed in the “risk perception of
smoking” theme. RA, rheumatoid arthritis.

and autoimmunity, given that they see patients after RA has
developed, but most considered that a moderate to high percent-
age of the people that they had diagnosed with RA smoked at the
time of diagnosis (ranges expressed were between 10 and 50 per-
cent) or had started the process of quitting.

Disease activity among smokers. Many PCPs did not per-
ceive smoking as influencing RA disease activity. A few PCPs
mentioned not being surprised that the immune dysregulation
associated with smoking could potentially lead to chronic inflam-
mation and a weakening of the immune system. Others recog-
nized that patients with RA who smoke have a higher risk of
developing heart disease and/or other comorbidities that contrib-
ute to worsening health and a decreased quality of life. Contrast-
ingly, most rheumatologists perceived that patients with RA who
smoke have a more rapid disease progression, usually with worse
outcomes, and are especially likely to have higher pain levels
compared with nonsmokers.

Health implications. All physicians acknowledged the poten-
tial for an increased risk of complications such as infections, can-
cer, and the worsening of comorbid conditions among smoking
compared with nonsmoking patients with RA, stating that
patients with lung disease typically do worse overall.

RA treatment response among smokers. There were also
discrepant views regarding the treatment response in patients
with RA who smoke. Some PCPs considered smoking as one of
multiple factors affecting the treatment response, whereas others
noted no correlation. Most rheumatologists described a direct
relationship between a suboptimal response to treatment, a con-
tinued need to switch therapies, and difficulty in achieving

remission. A few described an association between smoking
and depression leading to medication noncompliance.

Use of cessation aids. Physicians discussed their roles in
the management of tobacco use, including the different strategies
they were using (eg, discuss the consequences of smoking, ask
about readiness to quit, offer counsel, and adopt the STAR [situa-
tion, task, action, and result] method: set a quit date, tell every-
one, anticipate challenges, and remove tobacco products from
the environment). Figure 2 shows a list of the cessation aids phy-
sicians used in their current practice. Assessing the patients’
readiness to quit without judgment, discussing the negative con-
sequences of smoking, and offering medications to help patients
quit smoking were the most used options. Most physicians sup-
ported the use of NRT, perceiving nicotine gums, patches, and
e-cigarettes as effective. However, some PCPs and rheumatolo-
gists felt uncomfortable prescribing NRT because of their limited
experience with it, perception that NRT has limited effectiveness,
and concerns over continued physical dependence on nicotine
among patients. For patients struggling with quitting, some physi-
cians thought that getting patients to cut back was a more feasi-
ble solution. Others discussed the use of e-cigarettes for this
purpose. However, there were discrepancies between the PCPs
and rheumatologists regarding how e-cigarettes were used.
Some PCPs thought that the effects of e-cigarettes could be sim-
ilar to those of conventional cigarettes. Some rheumatologists
stated that e-cigarettes could be used to transition, but most
believed that there is limited evidence on the risks associated with
their use and their potential benefit in aiding cessation attempts
and perceived that there is a stigma associated with e-cigarette
use. Most physicians had limited experience with tobacco chew-
ing among their patients. Some PCPs and rheumatologists were
concerned about their patients with RA chewing tobacco, and a
few felt that, although the potential worsening of RA activity could
be less with tobacco chewing compared with conventional ciga-
rettes, there were multiple potential risks associated with this
behavior such as high risk of oral cancer, tooth decay, cardiovas-
cular problems, and decreased overall quality of life. Both PCPs
and rheumatologists agreed that cessation-drug therapy (eg, var-
enicline, bupropion) worked better than NRT, e-cigarettes, or
counseling, especially in patients with failed attempts to stop
smoking.

Preferences for the delivery of cessation programs.
Both rheumatologists and PCPs thought that smoking-cessation
programs could be delivered by any trained personnel across all
medical specialties. PCPs preferred to focus on counseling and
referrals and to have their clinic staff screen for and document
tobacco-use status. Most rheumatologists preferred to refer
patients with RA to primary care or cessation programs for further
counseling and follow-up. However, PCPs agreed that rheuma-
tologists might be perceived by patients with RA as having more
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Ask about reason for smoking (n=24 codes)
Ask about smoking status in every visit and number of
cigarettes per day (n=40 codes)

1 (4 Very Frequent  76-100% ]

3 3 Frequent 51-75%

Assess readiness to quit without chastising patients
(n=43 codes)

2 2  Occasional 26-50%

Counsel when there is an opportunity (e.g., annual
wellness exam, patients with coronary artery disease,
respiratory illness, diabetes) (n=19 codes)

Counsel using ask-tell-ask method* or shared decision-
making (n=28codes)
Discuss consequences of smoking (somber picture)
(n=43 codes)

Method

g 1 Rare 1-25%

Hold patients accountable and set up a quit date (n=11
codes)

Motivational interviewing™* or self-reflection (n=4 codes)

Offer medication options to facilitate quitting (n=48
codes)

e

B = N | M

STAR method** (n=3 codes)
PCPs Rheumatologists

Type of provider

Figure 2. Cessation methods used by the physicians. *Ask what they know and what they want to know; tell them what they want to know; ask
them if they understand and what else they want to know. **The physician can motivate patients to consider a quit attempt with the “5 R’s™: Rel-
evance, Risks, Rewards, Roadblocks, and Repetition. Relevance: encourage the patient to indicate why quitting is personally relevant. Risks: ask
the patient to identify potential negative consequences of tobacco use. Rewards: ask the patient to identify potential benefits of stopping tobacco
use. Roadblocks: ask the patient to identify barriers or impediments to quitting. Repetition: the motivational intervention should be repeated every
time an unmotivated patient has an interaction with a physician. Tobacco users who have failed in previous attempts to quit using tobacco should
be told that most people make repeated attempts to quit before they are successful.?® **Set a quit date within 2 weeks. Tell family, friends, and
coworkers about quitting and request understanding and support. Anticipate challenges to quitting smoking, particularly in the first few weeks.
Remove tobacco products from your home, car, and office. PCP, primary care physician; STAR, situation, task, action, and result.

trustworthy information. Most PCPs preferred to use cessation
methods according to what methods would be most likely to
motivate patients; for example, apps could be used to encourage
patients with RA to reduce disease flares by quitting. Many rheu-
matologists preferred programs with frequent check-ins because
they considered check-ins as an important element of setting
specific goals and increasing patients’ accountability. A few phy-
sicians recommended using Quitline—a telephone counseling
service—and enrolling in peer support communities, whereas
others thought that offering educational programs would be use-
ful in informing patients about the benefits of tobacco cessation,
tailoring messages according to patients’ specific clinical charac-
teristics, and reducing the number of cigarettes gradually rather
than advocating for complete and sudden abstinence. Multiple
physicians were not familiar with Quitline. One PCP expressed
frustration and disappointment, having previously found it difficult
to navigate the system and obtain the help needed.

Physicians also expressed their preferences about the fre-
quency in which advice to quit tobacco use should be given. In
general, both types of physicians preferred to give a reminder
regarding the benefits of quitting and the resources available to
participants at least once per year. Some PCPs mentioned pur-
posely avoiding asking about smoking cessation during each visit
because it might aggravate patients. PCPs preferred to ask about
smoking at patients’ annual wellness visits, and rheumatologists
preferred to ask every 6 months. Many PCPs and rheumatologists

thought that placing posters, pamphlets, and/or other resources
(eg, printouts from smokefree.gov or a Texas hotline) in the exami-
nation room or waiting room could replace addressing the impor-
tance of tobacco cessation during every visit.

We also asked physicians what type of tobacco-cessation
information they preferred to deliver. Both PCPs and rheumatolo-
gists were in favor of tailoring the information to the patients’ clinical
characteristics (eg, disease state, comorbidities, age) and psycho-
social needs (eg, motivation, mental health, previous failed
attempts to quit). Participants were asked if a website or app could
be useful to patients looking to cease smoking, and many were in
favor of websites or apps with simple, user-friendly, and engaging
information. They listed other features that could enhance patients’
experiences such as interaction, patient testimonials, the ability to
print information or summaries of recommendations to cut out
tobacco use, links to YouTube videos from reputable sources, live
coaching sessions/questions and answers/check-ins, and the cre-
ation of an online, multiingual, and accessible community for peer
support. Some physicians suggested that having access to in-
person and online resources wil allow accommodation for
patients’ personalities; some people prefer one-on-one interac-
tions, whereas others prefer phone/online sessions.

Barriers to and facilitators for tobacco cessation.
PCPs and rheumatologists agreed on the perceived barriers to
tobacco cessation (eg, a lack of time to provide counseling, a lack
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of cessation medications or NRT access, patients’ resistance to
medical advice, and the perception of smoking as a coping mech-
anism). Although a few rheumatologists acknowledged that the
social and emotional health of patients with RA could be barriers
for successful smoking cessation, most rheumatologists believed
that the barriers to quitting smoking were essentially the same
among patients with RA who smoke and the general public (eg,
weight gain after tobacco cessation, a lack of desire to quit, a lack
of trust in their physicians, a lack of motivation to quit, discourage-
ment after multiple failed attempts to quit, and dependency on
smoking). PCPs cited additional barriers to tobacco cessation,
including challenges with compliance given the potential added
number of medications and fear of drug interactions and side
effects, a lack of understanding of the added risks of tobacco
use based on their condition, and specific screening for patients
with RA. A few PCPs were concerned about the lack of targeted
education materials or referral programs for patients with RA.

Both types of physicians identified several facilitators and moti-
vators that support their delivery of tobacco-cessation programs.
Facilitators include counseling, incentives, financial benefits, teach-
ing patients to recognize and avoiding socioenvironmental triggers
(such as social circles in which smoking is common or places asso-
ciated with smoking, like bars), using previsit questionnaires to
screen patients, and obtaining tobacco-cessation training offered
as continuing medical education. Proposed motivators to help
patients quit include peer support, motivational messaging, aware-
ness of health risks and benefits associated with quitting, and life-
changing events (such as upcoming social engagements, chronic
disease diagnoses, or deaths). Most PCPs agreed that tailored
tobacco-cessation programs and making patients aware that they
should stop smoking were necessary. All physicians were willing
to disseminate a newly developed program specifically tailored for
patients with RA. Table 2 lists physicians’ barriers, facilitators, and
motivators regarding the offering of tobacco-cessation programs
specifically tailored for patients with RA.

DISCUSSION

The primary objective of this study was to explore physi-
cians’ perceptions of smoking-related risks, cessation aids,
program-delivery preferences, and barriers to and facilitators for
tobacco cessation, specifically in the context of patients with
RA. We found that physicians recognized the complex interplay
between smoking and RA, including its impact on disease pro-
gression and the treatment response. However, there was vari-
ability in physicians’ perceptions of smoking prevalence and the
direct effects of tobacco use on RA development. Our findings
suggest that, although cessation aids such as NRT and
cessation-drug therapy are valued, physicians are uncomfortable
about prescribing them because of NRT’s perceived limitations in
effectiveness and physicians’ limited experience with these
methods of tobacco cessation. The study also highlighted

physicians’ preference for personalized, multifaceted cessation
programs delivered through both traditional and digital means.

PCPs and rheumatologists had differing views on smoking’s
role in RA. PCPs were less certain about the direct link between
smoking and RA, whereas rheumatologists were more inclined
to believe that smoking exacerbates RA through immune system
disruptions and autoimmunity. We also observed variability in the
perception of smoking’s impact on disease activity and treatment
response. PCPs generally did not perceive smoking as influencing
RA disease activity, whereas rheumatologists linked smoking to
more rapid disease progression and poorer treatment responses.
This may be explained because PCPs often manage a broader
range of conditions and may not see the full spectrum of RA-
related complications, leading to less specific focus on smoking’s
impact. Rheumatologists are more likely to observe and connect
smoking with disease progression and outcomes directly. This
discrepancy suggests a need for improved education and com-
munication between PCPs and rheumatologists regarding the
specific impacts of smoking on RA.

Although physicians recognized the benefits of cessation
programs, not all agreed that they should have a role in counsel-
ing patients regarding tobacco cessation. Both PCPs and rheu-
matologists believed that the PCPs should be responsible for
helping patients with RA reduce their use of tobacco. Nonethe-
less, the PCPs believed that the rheumatologists were in a unique
position to increase the likelihood of patients being willing to be
educated about cessation programs, given the trust their patients
with RA have in them. According to the World Health Organiza-
tion, all physicians should promote tobacco-cessation pro-
grams.’® Many barriers that the rheumatologists cited in helping
their patients quit could be overcome by training. In fact, any phy-
sician could be trained to deliver three to five minute tobacco
interventions such as the 5A’s brief intervention model, which
advises physicians to “Ask about smoking, advise cessation,
assess level of readiness to quit, assist with motivation or a plan
to quit (including use of tobacco-cessation medication and coun-
seling), and arrange follow-up appointment[s] to review progress
and adjust the plan.”' Alternatively, the simpler Ask-
Advice-Connect approach involves asking about smoking status,
advising cessation, and directly connecting patients to a Quit-
line."® These types of interventions could also be facilitated by an
evidence-based strategy specifically developed to support
tobacco cessation in patients with RA. A tailored, multifaceted
intervention addressing the barriers to and motivators for tobacco
cessation highlighted in our study, such as NRT access, incen-
tives, counseling, peer support, and motivational messaging,
would be helpful for physicians and patients. PCPs also faced
unique challenges such as managing drug interactions and lack of
RA-specific resources. Addressing these barriers requires systemic
changes, such as improving access to cessation aids and provid-
ing targeted education and can lead to a more unified approach
to smoking cessation in RA management, improve physician
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Table 2. Physicians’ barriers, facilitators, and motivators regarding the offering of tobacco-cessation programs*

Barriers

Subcategories

Sample quotes

Knowledge

Beliefs about
consequences

Behavioral regulations

Intentions

Emotions

Professional roles

Environmental

contexts and
resources

Lack of understanding regarding the risk of
e-cigarettes and smoking

Lack of understanding of added risks based
on their condition

Lack of adequate (targeted) education
materials or referral programs for people
with RA

Fear of drug interactions and side effects

Weight gain after tobacco cessation

Compliance given the added number of
medications, fear of side effects

Dependency on smoking

Lack of desire to quit

Perception of smoking as a coping
mechanism

Counseling not considered part of the role

Lack of skills

Lack of time

Loss of follow-up

Specific screening for patients with RA
Avoiding environmental influences

Lack of a supply of cessation medications

Financial constraints

“I'think it's a lack of knowledge. I think that. Because, as a physician, also
this—when this study, when this came to me, uh, association of smoking
and rheumatoid arthritis, | think more awareness needs to be created in
this time when it comes to smoking.”

“They don't really quite know specifically that smoking’s also bad for their
rheumatoid arthritis, too.”

“Education ... Education, addiction, denial. | don’t know if those are true
barriers or not, but....”

“The first thing that comes to our mind is, of course, the lung cancer ... and
plus the COPD, and... asthma...and...emphysema and these things. But
rheumatoid arthritis and smoking is not...a very well-known, aware...
fact. For sure. Yeah.”

“They have concerns about drug-drug interactions, whether medications
approved for smoking cessation are safe to take with their...disease-
modifying antirheumatic...drugs. So,...those questions do come up.”

“...some patients also have concerns about weight...and they worry that
quitting smoking might result in weight gain, and when they already
have...arthritis of any kind, including rheumatoid arthritis, they're
nervous about the impact on their—on their joints, and level of
functioning.”

“And then Chantix has so much negative publicity regarding causing
cancer even though, of course, you know, smoking increases... 13-fold...as
opposed to Chantix, because Pfizer recalled Chantix and also, you have
that black box warning of...suicide... Many patients are hesitant to start
it... Yes, you'll get them on the starter pack, but beyond that, it's not like
they're running back for the...continuation, you know? Its...truly is a
challenge.”

“Unfortunately, the success rate is not high ...the reason that is... | think that
there aren’t necessarily a lot of programs that | know of, right? Um, I think
social work is really the...one we have. And also, there is so much...
negative connotation about the treatment for smoking cessation... Il give
you an example. If you put a patient on nicotine patch, the
misconception is they’re gonna smoke while they have a nicotine patch
on, to get more nicotine... To almost have, like, a little high or however
people describe it.”

“Um, | sometimes refer them to [..] resources, but the majority of my
patients are not necessarily interested in...programs.”

“...even mental health issues among that population, but | certainly think
that having more medical comorbidities plus or minus additional mental
health concerns may...make smoking cessation more challenging.”

“But [ certainly think it's appropriate to...leave the responsibility of
discussing medication treatment options to the primary care provider.
That's certainly within their scope of practice and responsibilities.”

“ldontwanna do it. | don't have time to do it. But that's why | refer out and
let the experts take care of that.”

“I think primary care is...where there is space for that motivational
interviewing.”

“You know, | think the loss of follow-up is why we don't probably have that
success rate.”

“But | don't have a specific...set of recommendations or...treatments.”

“Again, their social environment and their peers may influence how they
elect to use tobacco or alcohol or other drugs. ... so | think that's a unique
challenge for younger patients.”

“So, ...that’s, uh, very tricky now, but you know when Chantix was
available—and... | just checked it today, it’s still showing that it's not back
in the market....”

“Insurance will not cover nicotine-replacement therapy but would cover
Chantix, or same with some individuals’ actual employers have quit
programs who do cover specifically...Chantix or Wellbutrin, but for some
reason no...nicotine-replacement therapy. So that is often another
consideration when choosing which form to use.”

(Continued)
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Table 2. (Cont’d)

Barriers Subcategories

Sample quotes

Age

Lack of trust in medical providers

“The older and socially...socioeconomic barriers are definitely...barriers

to...send them to such resources.”

“I basically just give them a hard time about it, | tell them hey you know

that's bad for you, you know that will give you a stroke and a heart attack
and you know gives you lung cancer and they say | know | gotta die from
anything anyway.”

Facilitators Code

Sample quote

Beliefs about capabilities Empowerment

Patients’ resistance to medical
advice

Social influences

Counseling and adequate referral
programs

Reinforcements

Incentives and financial benefits
Skills Not being discouraged after

multiple failed attempts to quit
using tobacco

Previsit questionnaires

“l feel that if patients can learn to be empowered in learning how to quit
smoking, they might actually learn to get a better handle on their
disease, so, it's very much connected.”

“Well, first you have to—education and then getting the patient’s trust,
okay. So | think in order to get them to accept the education, if you to
earn their trust first. Okay, so develop a rapport and relationship with
the patient, let them know that you care and you're listening to them.
... and you wanna treat their problem, help them as much as
possible. Once you get to that point, then you start to make those
suggestions about personal habits that may...adversely affect their
health.”

“Unfortunately...l don't have a readily accessible tobacco-cessation
counselor... at my fingertips to refer patients to. So I'm not aware of
any local resources where patients can get free in-person tobacco-
cessation counseling. Although that would certainly be a wonderful
addition to...the resources that I'm offering patients.”

“But | have even compared the price of the patch and the pack’s
cigarette price and patch is still...economical.”

“Alot of times, | don't feel like telling them they have to, as a way to get
them to. It's just about constantly asking them if they're ready to
discuss quitting, but telling them they have to quit...I'm not sure if that
leads to more smoking cessation, rather than checking in to see if
they're readly to even talk about quitting.”

“Um, what | have found that has worked, um, in other—in—in the
previous institution where | worked was including it as part of the
previsit screen in MyChart prior to a patient coming to the clinic.”

Motivators Code

Sample quote

Social roles Social and peer support

Goals Harm reduction

Decrease number of cigarettes

Motivational messaging

Triggers Life-changing events

“I don’t think it’s that successful unless a patient is super motivated, or
the people around them are really motivated to get their...parents
or...their spouses to quit smoking.”

“I think yes, they’re motivated to cut back, but to completely stop
smoking, you know, unless there’s a chronic illness that has
developed, be it...COPD, be it...cancer...”

“I mean not everybody is the same. | know people who they say...they
can quit anytime they want to and they really can, but there are other
people who are super addicted to smoking and they can’t quit. Il ask
them so did you reduce it...are you down from like a whole pack a
day to like a half a pack a day....”

“It's not interviewing, but something that can help patients imagine
their...future self without smoking. | think thats...imperative. And
then, showing them the options of what's available, maybe a brief
description of why, you know—the differences between medical
treatments. And then referring them back to their primary care
provider, saying, ‘Hey, you know, you can address this and this and
this with your PCP and ask them these—the following questions.” So...
prepare them for...their visit with a PCP.”

“I think honestly, the best thing which is...kinda sad when an adverse
events happens to the patient, whether that's an Ml or a stroke. I've
noticed that...what ends up...causing patients to quit or some sort
of...pain that they have like a patient had really bad shoulder pain
and then she ended up needing some sort of surgical intervention
and the surgeon wouldn't operate unless she quit smoking..., so that
really motivated them and then they quit smoking.”

* COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; PCP, primary care physician; RA, rheumatoid arthritis.
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education, and ultimately enhance patient care outcomes. Two
recent studies evaluated the implementation of systematic screen-
ing for tobacco use with facilitated referrals to a state-supported
tobacco Quitline. These interventions, which included training clinic
staff, using electronic health record prompts, and establishing a
streamlined referral process, significantly increased referrals to ces-
sation services in a rheumatology clinic environment. 1"

In line with our findings, a US survey indicated that 15% of
tobacco users were motivated to quit smoking by their doctor’s
advice.'® Brief advice from medical practitioners has been shown
to boost smoking-cessation rates.'®2° In the United States, patients
with RA were more likely to attempt quitting if they were new to rheu-
matology care, but smoking-cessation counseling was noted in only
10% of visits, particularly in patients with well-controlled disease.®' A
2016 US study revealed that although 80% of clinical staff assessed
smoking status, no follow-up occurred because of barriers like a lack
of referral processes and discomfort discussing cessation.?? Simi-
larly, a Canadian study found that 78% of nurses and rheumatolo-
gists felt unprepared to help patients quit smoking because of
limited access to resources and expertise.2> Common facilitators of
smoking cessation included patients” use of NRT and their readiness
to quit, whereas cigarette pricing and visible health effects were
major influences on their decision to stop.”2*

This study’s novelty lies in its qualitative exploration of physi-
cian perceptions across multiple dimensions of smoking cessa-
tion within an RA context. It provides insights into the nuanced
understanding and diverse opinions among PCPs and rheumatol-
ogists, highlighting areas of consensus and divergence. Our com-
prehensive approach allowed us to capture a wide range of
physician perspectives that can inform the development of tai-
lored cessation programs for patients with RA. Filling the knowl-
edge gap in understanding physicians’ perceptions of smoking
cessation in patients with RA is crucial, as this would support the
development of more effective and targeted interventions for
these patients. Given the significant health risks associated with
smoking in patients with RA, improving cessation strategies can
lead to better disease management and patient outcomes.

The study has limitations. The qualitative nature of the
research may limit the generalizability of findings because of
potential selection bias and the subjective nature of physicians’
perceptions. Additionally, the study was conducted within a spe-
cific health care context and may not fully represent the views of
physicians in different regions or health care systems. The per-
spectives of community physicians, who may face different chal-
lenges and have different resource availability, have not been
explored in this study. Academic physicians often have access
to specialized resources and may be more engaged in research
and evidence-based practices, which can influence their views
and approaches to smoking cessation. Consequently, their expe-
riences and opinions might not fully represent the broader range of
practices and attitudes found in community settings. Including view-
points from community physicians is essential to develop a

comprehensive understanding of smoking-cessation strategies
and barriers across diverse health care environments. In addition,
future research should focus on exploring patient perspectives on
cessation aids and program preferences; these would complement
the physician insights gained in this study and inform the develop-
ment of comprehensive, patient-centered cessation strategies. Lon-
gitudinal studies examining the long-term effects of tailored
cessation programs on RA outcomes would also be valuable.

In conclusion, this study highlights the variability in physician
perceptions and existing barriers regarding smoking cessation in
patients with RA, emphasizing the need for tailored, multifaceted
approaches to addressing this critical health issue. By enhancing
their understanding of patients’ tobacco-cessation needs and
providing targeted interventions, physicians can better support
patients with RA in their cessation efforts, ultimately improving
their quality of life and health outcomes.
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Frequency of Spondyloarthritis Symptoms Among
US Patients With Inflammatory Bowel Disease:
A Cross-Sectional Multi-Center Study
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Objective. Spondyloarthritis (SpA) is the most common extraintestinal manifestation of inflammatory bowel dis-
ease (IBD). The application of screening tools to detect SpA in patients with IBD may lead to earlier recognition of
SpA and affect treatment decisions.

Methods. A combination of two previously described SpA screening questionnaires, the Detection of Arthritis in
Inflammatory Bowel Disease (DETAIL) and IBD Identification of Spondyloarthritis Questionnaire (IBIS-Q), was adminis-
tered to consecutive patients with IBD attending IBD specialty clinics in six US academic medical centers. Demo-
graphic data, IBD, and rheumatology history were extracted by chart review.

Results. A total of 669 patients were analyzed. The median age was 40 years (interquartile range [IQR] 30-54) with a
median disease duration of 12 years (IQR 6-22) and moderate to severe IBD based on medication exposure and history
of bowel surgery. A total of 81 patients (12%) carried a diagnosis of an inflammatory rheumatic disease, whereas
75 (11%) had consulted a rheumatologist during the previous year. Using published cutoffs, 180 out of 669 patients
(27%) screened positive with DETAIL, 266 (40%) with IBIS-Q, and 275 (41 %) with either questionnaire. Axial symptoms
were more frequently reported than peripheral musculoskeletal complaints. Notably, 189 out of 275 (69%) screen-
positive patients had neither a documented inflammatory rheumatic disease diagnosis nor a visit with a rheumatologist
within the past year.

Conclusion. A substantial proportion of patients with IBD have symptoms suggestive of SpA, and many of these
may have undiagnosed SpA. The IBIS-Q questionnaire appears to identify more potential SpA cases than DETAIL.
Strategies are needed to prioritize rheumatology consultations for those patients with IBD who are most likely to

benefit.
INTRODUCTION

Arthritis has been known to be associated with inflammatory
bowel disease (IBD) for more than a century, but it has only been
formally linked to spondylarthritis (SpA) in recent decades.” SpA
is observed in 10% to 39% of patients with IBD, and additional
patients may demonstrate clinical manifestations without meeting
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formal SpA classification criteria.? Conversely, 6% to 14% of
patients with ankylosing spondylitis (AS) have clinically recognized
IBD, exceeding the prevalence in the general population. Notably,
60% of patients with SpA have subclinical gut inflammation, with a
minority eventually developing clinically overt IBD.? Despite these
observations, the connection between SpA and IBD has
remained elusive.’
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SIGNIFICANCE & INNOVATIONS

« Two spondyloarthritis (SpA) screening tools, the
Detection of Arthritis in Inflammatory Bowel Dis-
ease (DETAIL) and the IBD Identification of Spondy-
loarthritis Questionnaire (IBIS-Q), were
administered to consecutive patients with inflam-
matory bowel disease (IBD) at US academic IBD
centers.

+ A significant proportion of patients with IBD had
symptoms strongly suggestive of SpA.

+ We demonstrated a feasible approach for identify-
ing potentially undiagnosed cases of SpA.

+ Strategies for the accurate diagnosis and effective
management of IBD-associated SpA, including
implementation of screening practices, remain an
urgent unmet need.

Patients with coexisting SpA and IBD have worse physical
function and quality of life.* Although SpA is the most frequent
extraintestinal manifestation (EIM) of IBD, a substantial diagnostic
delay is common.®” Obstacles in identifying SpA in IBD include
the heterogeneity of SpA phenotypes, the lack of diagnostic tools,
and the often-confounding presence of noninflammatory muscu-
loskeletal diseases such as fioromyalgia and osteoarthritis.®
Finally, the large variability in study designs and the absence of a
multidisciplinary approach have been shown to limit investigations
into best practices for identifying SpA in patients with 1BD.®

This study attempts to partially fill this critical knowledge gap
and contribute to the goal of improving patient outcomes by fur-
ther clarifying the relationship between IBD and SpA. The
research presented in this article is the result of a collaborative
effort between rheumatologists and gastroenterologists. We
employed two previously validated questionnaires, the Detection
of Arthritis in Inflammatory Bowel Disease (DETAIL) and the IBD
Identification of Spondyloarthritis Questionnaire (IBIS-Q),'%'? to
screen patients at IBD clinics in six academic medical centers
across the United States. Using these validated screening tools,
we sought to estimate the prevalence of SpA symptoms and
highlight the potential need for rheumatology evaluation in
patients with IBD receiving care at US academic centers.

MATERIALS AND METHODS

Study design. The study was conducted between January
2022 and June 2023 at the following 6 US academic medical cen-
ters: Brigham and Women’s Hospital (BWH) in Boston, Mayo
Clinic in Rochester, Mount Sinai Medical Center in New York City,
New York University Langone Health (NYU) in New York City, the
University of Chicago in Chicago, and the University of Colorado
Anschutz Medical Campus in Aurora. In this cross-sectional
study, patients with IBD attending a routine visit at the IBD center
of the respective institution were asked to answer a set of SpA

screening questions. Demographic and clinical data were then
extracted through chart review from the electronic health records
at each site and entered into a REDCap database.'® Deidentified
data were exported to Microsoft Excel for centralized analysis.
Each site independently obtained institutional review board
approval (BWH, 2023P001262; Mayo Clinic, 22-004690;
Mt. Sinai Medical Center, STUDY-22-00796-CR001; University
of Chicago, IRB23-0264; NYU, i22-00654; University of Colo-
rado, 22-0788). The study is reported in accordance with the
Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) guidelines for cross-sectional studies.'

Recruitment. Patients with IBD were invited to participate
up to two weeks before their scheduled appointment or at
check-in. Enrollment details varied slightly because of local cir-
cumstances (eg, implied consent by completion of the question-
naire vs signing an informed consent form; completion of the
questionnaire using a paper form vs using a tablet computer).
Nonetheless, each site ensured that unselected consecutive
patients were enrolled and completed the study questionnaire
prior to their encounter with the treating physician. IBD diagnoses
were confirmed during chart review. Patients were included in the
analysis if they had a diagnosis of IBD based on documented clin-
ical symptoms with supporting endoscopic, pathologic, and
imaging findings. Our goal was to enroll 600 patients (100 per
participating center) based on the sample size used in the valida-
tion study by Benfaremo et al.’?

Questionnaire. The study questionnaire combined the
DETAIL'? and IBIS-Q"" and included 16 YES/NO questions about
peripheral arthritis, inflammatory back pain, dactylitis, enthesitis,
and functional limitations (Supplemental Table 1). The DETAIL
questionnaire, consisting of 6 YES/NO questions, was previously
validated in a cohort of 418 consecutive patients with IBD without
a history of SpA."? In this cohort, three or more positive screening
questions had a sensitivity of 75% and a specificity of 79% for a
rheumatologist diagnosis of SpA; the positive and negative pre-
dictive values were 53% and 91%, respectively. The IBIS-Q,
which contains 14 YES/NO questions, had a sensitivity of 93%
and specificity of 77% for SpA, similarly ascertained by a rheuma-
tologist, with three or more positive answers in a cohort of
181 consecutive patients with IBD."" Questionnaire results were
transcribed into an Excel table; there were no missing data. We
used previously determined thresholds (>3 YES responses with
either DETAIL or IBIS-Q) to identify screen-positive patients. We
also analyzed the DETAIL and IBIS-Q score distribution (sum of
YES responses) in the cohort as well as the frequency of YES
responses for individual questions.

Clinical data. Demographic information, IBD type, treat-
ment history, and history of EIMs were obtained through chart
review. We specifically recorded prior and current medication
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exposure and history of IBD-related surgeries or hospitalization.
We identified any prior diagnoses of inflammatory rheumatic dis-
ease by reviewing problem lists and clinic visit notes and deter-
mined whether the patient had consulted a rheumatologist
within one year prior to enrollment in the study. Patients with a
documented clinical diagnosis of an inflammatory rheumatic dis-
ease were compared with the total cohort and to those without
a prior diagnosis of an inflammatory rheumatic disease.

Statistics and graphing. Statistical analysis and graphing
were done using Excel, R version 4.4.0, and GraphPad Prism ver-
sion 10.3. Continuous variables are presented as means with SDs
or medians with interquartile ranges, whereas categorical vari-
ables are shown as percentages. The frequency of positive
DETAIL and IBIS-Q tests at individual sites was compared using
the paired t-test. The frequency of positive DETAIL or IBIS-Q tests
in subsets of patients was compared using the chi-square test.
The unpaired t-test was used to compare DETAIL and IBIS-Q
scores in patients with and without a prior inflammatory rheumatic
disease diagnosis. A receiver operating characteristic (ROC)
curve analysis was performed to identify individual questionnaire
items and combinations that could discriminate among groups.

RESULTS

Study population. A total of 669 patients with IBD were
analyzed, with approximately equal contribution of patients from
each of the six participating centers. Demographic details of the
cohort are presented in Table 1. The median age of the patients

Table 1. Patient demographics and clinical setting*

Overall cohort, n = 669

Patient demographics

Age (years) 40 (30-54)
Disease duration (years) 12 (6-22)
Female 381 (57)
Race
White 561 (84)
Black 46 (7)
Asian/Pacific Islander 23(3)
Ethnicity
Hispanic 40 (6)
Study sites
US region
Northeast 332 (50)
Midwest 236 (35)
West 101 (15)
Institution
Brigham and Women's Hospital 116 (17)
Mayo Clinic 119 (18)
Mt. Sinai Medical Center 96 (14)
New York University 120 (18)
University of Chicago 117(18)

University of Colorado 101 (15)

* Numbers are n (%) except for age and disease duration where
numbers represent median (IQR) in years. IQR, interquartile range.

was 40 years (interquartile range [IQR] 30-54) with a median IBD
disease duration of 12 years (IQR 6-22). A total of 381 (57%) of
the patients were female, and the majority was White (84 %).

IBD characteristics. Table 2 presents baseline IBD char-
acteristics of the study population. A total of 398 (59%) had Crohn
disease (CD), 247 (37%) had ulcerative colitis (UC), and 24 (4%)
had unclassified IBD. At enrollment, 520 (78%) were receiving
treatment with a biologic or targeted synthetic disease-modifying
antirheumatic drug. Tumor necrosis factor inhibitors were the
most frequently used biologic (239 out of 669, 36%) followed by
the interleukin-12p40 inhibitor ustekinumab (129 out of
669, 19%) and the a4B7 integrin antagonist vedolizumab (88 out
of 669, 13%), reflecting clinical practice in 2022 to 2028.

Table 2. Baseline IBD characteristics, medication history, and
EIMs*

Overall cohort, n = 669

IBD phenotype and behavior

Crohn disease 398 (59)
Ulcerative colitis 247 (37)
IBD unclassified 24 (4)
Treatment history
Pharmacotherapy Any exposure  Current use
5-ASA 437 (65) 115 (17)
Systemic corticosteroids 538 (80) 69 (10)
Thiopurine antimetabolites 293 (44) 67 (10)
(6-MP, azathioprine)
Methotrexate 92 (14) 23 (3)
TNF antagonist 470 (70) 239 (36)
Vedolizumab 201 (30) 88 (13)
Anti-IL-12p40 189 (28) 129 (19)
Anti-IL-23p19 23(3) 21 (3)
JAK inhibitor 64 (10) 43 (7)
h/o Gl surgeries 261 (39)
h/o bowel resection 220 (33)
h/o IBD-related 298 (45)
hospitalizations
Extraintestinal manifestations
h/o rheumatologic EIM 149 (22)
h/o dermatologic EIM 61(9)
h/o ophthalmologic EIM 12 (2)
h/o hepatobiliary EIM 30 (5)
Rheumatology history
Prior inflammatory rheumatic 81(12)
disease diagnosis®
Peripheral 38 (6)
Axial SpA/AS 28 (4)
Psoriatic arthritis 9(1)
Rheumatoid arthritis 7(1)
Dactylitis 1(<1)
Enthesitis 1(<1)
Other 9(
Rheumatology visit in the past 75(11)
year

* Values are the n (%). 6-MP, 6-mercaptopurine; AS, ankylosing spon-
dylitis; ASA, aminosalicylic acid; EIM, extraintestinal manifestation; Gl,
gastrointestinal; 1BD, inflammatory bowel disease; IL, interleukin;
SpA, spondyloarthritis; TNF, tumor necrosis factor.

@ Some patients had more than one diagnosis.
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Additionally, 261 patients (39%) had a history of bowel surgery.
These clinical characteristics are consistent with moderate to
severe disease expected in this cohort of patients with IBD
attending US tertiary care centers.

EIM characteristics. By chart review, 149 patients
(22%) had a history of a rheumatologic EIM, making rheuma-
tologic EIMs the most frequently recorded EIMs, followed by
dermatologic (9%), hepatobiliary (5%), and ophthalmologic
(2%) EIMs. Just over 10% of patients had a documented
diagnosis of an inflammatory rheumatic disease in their health
record (81 of 669, 12%) or had consulted a rheumatologist
during the previous year (75 of 669, 11%). The subset of
patients with IBD and an established inflammatory rheumatic
disease diagnosis included patients with peripheral SpA
(88 of 81), axial SpA or AS (28 of 81), and psoriatic arthritis
(9 of 81). Seven patients carried a diagnosis of rheumatoid
arthritis.

Global questionnaire results. Using at least three affir-
mative responses as the cutoff for a positive screen, 180 patients
(27%) were positive with DETAIL, 266 (40%) with IBIS-Q, and
275 (41%) with either questionnaire (Figure 1A, Table 3). A total

of 171 patients (26%) screened positive with both questionnaires.
Almost all patients who screened positive with DETAIL also tested
positive with IBIS-Q (171 of 180, 95%), whereas a substantially
smaller fraction of the IBIS-Q positive patients also screened pos-
itive with DETAIL (171 of 266, 65%) (Figure 1B). There was a nota-
ble variability in screen positivity rates among centers, ranging
from 16% to 36% for DETAIL and from 24% to 51% for IBIS-Q.
Consistently, the screen positivity rate with DETAIL was lower
than with IBIS-Q (mean + SD, 28 + 7% vs 41 + 10%, P = 0.001)
(Figure 1C). No significant differences in screen positivity rates
were observed between patients with CD or UC (28% vs 26%
with DETAIL, P = 0.663; 42% vs 37% with IBIS-Q, P = 0.261).
Patients with a documented inflammatory rheumatic disease
diagnosis were more likely to have positive screens than patients
without such a diagnosis (62% vs 22% for DETAIL, P < 0.001;
84% vs 34% for IBIS-Q, P < 0.001). Similarly, patients who had
seen a rheumatologist within the last year were more likely to have
a positive screen than patients who had not seen a rheumatolo-
gist (63% vs 22% for DETAIL, P < 0.001; 87% vs 34% for
IBIS-Q, P < 0.001). Among the 75 patients who had seen a rheu-
matologist in the last year, 54 (72%) carried a diagnosis of an
inflamlnmatory rheumatic disease, whereas 21 (28%) did not.
Screen positivity rates between these two subgroups showed

A Positive screens (all patients)

SI0S

DETAIL

B Overlap of positive screens

DETAIL
(180)

Figure 1.

IBIS-Q

IBIS-Q
(266)

DETAIL or IBIS-Q

C Positive screens (by center)

p=0.001
60 -
40+
S
20+
0 . :
DETAIL IBIS-Q

Screen positivity rates. (A) Proportion of consecutive patients with IBD (n = 669) who screened positive with DETAIL, IBIS-Q, or either

of the two questionnaires across all centers. (B) Venn diagram demonstrating the overlap of positive screen results for DETAIL and IBIS-Q.
(C) Proportion of patients who screened positive with DETAIL or IBIS-Q in the six participating IBD centers. Each pair of values represents one cen-
ter. P value by paired t-test. DETAIL, Detection of Arthritis in Inflammatory Bowel Disease; IBD, inflammatory bowel disease; IBIS-Q, IBD Identifi-

cation of Spondyloarthritis Questionnaire.
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Table 3. Questionnaire responses*

DETAIL IBIS-Q DETAIL or IBIS-Q

Overall cohort, n = 669 180 (27) 266 (40) 275 (41)
By institution

Brigham and Women's Hospital, n = 116 18 (16) 28 (24) 30 (26)

Mayo Clinic, n =119 43 (36) 63 (53) 66 (56)

Mt. Sinai Medical Center, n = 96 26 (27) 37 (39) 37 (39)

New York University, n = 120 30 (25) 51 (43) 54 (45)

University of Chicago, n =117 29 (25) 36 (31) 37 (32)

University of Colorado, n =101 34 (34) 51 (51) 51 (51)
By IBD type

Crohn disease, n = 398 111 (28) 166 (42) 171 (43)

Ulcerative colitis, n = 247 65 (26) 92 (37) 96 (39)
By rheumatology history

Prior inflammatory rheumatic disease diagnosis, n = 81 50 (62) 68 (84) 68 (84)

Rheumatology visit in the past year, n =75 47 (63) 65 (87) 65 (87)

* Number (%) of patients who screened positive (=3 YES responses) for DETAIL, IBIS-Q, or either questionnaire
(DETAIL or IBIS-Q). DETAIL, Detection of Arthritis in Inflammatory Bowel Disease; IBD, inflammatory bowel disease;
IBIS-Q, IBD Identification of Spondyloarthritis Questionnaire; NYU, New York University; UC, ulcerative colitis.

no significant differences (63% vs 62% for DETAIL, P = 0.932,
87% vs 86% for IBIS-Q, P = 0.88).

Score distribution. Figure 2A presents the DETAIL and
IBIS-Q score distributions for the total cohort and for patients with
or without a prior inflammatory rheumatic disease diagnosis. For
both questionnaires, the total population and the group of
patients without an inflammatory rheumatic disease diagnosis
showed a Poisson pattern, whereas the distribution for the
patients with a documented inflammatory rheumatic diagnosis
approached a normal distribution, with modes of four positive
responses for DETAIL and six positive responses for IBIS-Q. The
DETAIL score (mean + SD) for patients with a diagnosis of an
inflanlnmatory rheumatic disease (n = 81) was 3.0 + 1.6 compared
with 1.4 + 1.5 for patients without such a diagnosis (n = 588) (P <
0.001). The corresponding IBIS-Q scores were 5.5 + 2.9 for
patients with and 2.3 + 2.7 for patients without an inflammatory
rheumatic disease diagnosis (P < 0.001).

Individual questionnaire items. The 16 questions in the
study questionnaire include questions about axial symptoms
(back pain and stiffness), peripheral joint symptoms and signs
(joint pain and swelling), enthesitis (heel pain), and dactylitis (sau-
sage digit). The most frequently positive screening question was
"Do you have low back pain in the morning and/or after resting
that improves with exercise?", a question about inflammatory
back pain. This question was answered with YES by 252 out of
669 patients (38%). Three of the four questions most frequently
answered with YES were questions about axial symptoms
(Figure 2B). No individual question outperformed the DETAIL or
IBIS-Q to discriminate between patients with and without an
established inflammatory rheumatic disease diagnosis in the
ROC curve analysis. Using established cutoffs, the IBIS-Q was
slightly better in distinguishing patients with and without an inflam-
matory rheumatic disease diagnosis with an area under the curve

(AUC) of 0.8 and a positive likelihood ratio of 2.49. DETAIL simi-
larly distinguished between the two groups with an AUC of 0.76
and a positive likelihood ratio of 2.79.

Burden of undiagnosed SpA. A total of 50 out of
180 patients (28%) with a positive DETAIL and 68 out
of 266 (26%) with a positive IBIS-Q had a preexisting inflamma-
tory rheumatic disease diagnosis, whereas 47 out of 180 patients
(26%) with a positive DETAIL and 65 out of 266 (24%) with a pos-
itive IBIS-Q had seen a rheumatologist within the last year. Con-
versely, as many as 189 out of 275 screen-positive patients
(69%) had neither a documented inflammatory rheumatic disease
diagnosis nor had seen a rheumatologist within the past year.
Among the 588 patients without a prior inflammatory rheumatic
disease diagnosis, 22% screened positive with the DETAIL and
34% with the IBIS-Q. Together, these findings support the con-
clusion that a substantial proportion of patients with IBD may have
undiagnosed SpA.

DISCUSSION

We screened a convenience sample of 669 consecutively
encountered patients with IBD from 6 IBD centers across the
United States using the previously validated DETAIL and IBIS-Q
questionnaires for SpA. Based on established cutoffs, 27% of
patients screened positive with the DETAIL and 40% with the
IBIS-Q. Among those who screened positive, a notable majority
(69%) had no documented inflammatory rheumatic disease diag-
nosis nor seen a rheumatologist during the previous year. These
findings suggest a significant burden of undiagnosed SpA in the
IBD population and underscore the need for improved rheumatol-
ogy care among US patients with IBD.

The frequency of screen-positive individuals in our study was
comparable with the original studies that developed and validated
the DETAIL questionnaire; the IBIS-Q publication did not report
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positive items per patient [n]

[axial] Do you have low back pain in the morning and/or after resting that improves with exercise?
Have you ever had a finger or a toe and/or another joint swollen and painful for no apparent reason?
[axial] Have you ever had back pain lasting at least 3 months that was not injury related?

[axial] Have you ever had a stiff neck for some weeks or months?

Have you had pain in your heels?

Have you ever had swollen and painful feet?

Have you ever had swollen and painful hands?

Is it difficult to pick things up from the floor without flexing your knees?
[axial] In the morning is your back stiff for more than 30 minutes?

Do you wake up at night because of low back pain?

Have you ever had a pain in your thigh which goes down to your knee and not beyond?
Do you find it difficult to walk because of foot pain?

Have you ever had a swollen finger like a 'sausage' for some days?

Have you ever had a swollen wrist without having any trauma?

Do you find it difficult to fasten your laces?

Do you find it difficult to button your shirt? B2

20 40 60
YES responses [%]

(=]

Figure 2. Score distribution and responses to individual screening questions. (A) Proportion of patients with IBD who answered YES to 0-6
DETAIL questions or 0-14 IBIS-Q questions, shown separately for all patients as well as patients without or with a prior inflasnmatory rheumatic
disease diagnosis. (B) Frequency of YES responses for each of the 16 questions, ranked by the frequency of YES responses in all patients. The
four questions about axial symptoms are highlighted. DETAIL, Detection of Arthritis in Inflammatory Bowel Disease; IBD, inflammatory bowel dis-
ease; IBIS-Q, IBD Identification of Spondyloarthritis Questionnaire. Color figure can be viewed in the online issue, which is available at http://

onlinelibrary.wiley.com/doi/10.1002/acr.25493/abstract.

the raw questionnaire results, limiting our ability to compare find-
ings. Consistently across all centers, we found that the number
of screen-positive patients was higher with IBIS-Q than with
DETAIL, suggesting that IBIS-Q may have higher sensitivity,
potentially at the cost of lower specificity.’® We did not perform
a rheumatology assessment of every screened patient, which
precludes our ability to calculate the test characteristics of sensi-
tivity, specificity, and predictive values. The significantly higher
screen positivity rates in patients with a documented diagnosis
of an inflammatory rheumatic disease, most of whom had SpA,

supports the face validity of the screening tools. However, among
the patients who had consulted a rheumatologist in the last year,
screen positivity rates were similar regardless of whether they
had an inflammatory rheumatic disease diagnosis, highlighting
the limited specificity of the questionnaires.

Both DETAIL and IBIS-Q combine questions about current
and historical symptoms. Current musculoskeletal symptoms
may be influenced by IBD-directed therapies that also treat mus-
culoskeletal inflamsmation, whereas responses to questions about
past symptoms are subject to recall bias. The extent to which
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these nuances affect the performance of the screening tools
remains uncertain and requires further study. The inclusion of past
symptoms is likely to increase the sensitivity of a screening tool
but detracts from the focus on current problems requiring inter-
vention. Assigning a higher weight to current symptoms may help
to more accurately identify those patients with IBD who may ben-
efit the most from a rheumatology referral. Alternatively, adding a
question such as “Have you recently considered seeking medical
care for any of the symptoms mentioned in this questionnaire?”
may be useful.

Our data indicate that the majority of screen-positive patients
did not have an existing diagnosis of an inflammatory rheumatic
disease and had not seen a rheumatologist within the last year,
highlighting a potential unmet need. It is possible that our data
overestimate the proportion of symptomatic patients with IBD
who have not previously been investigated for SpA, as we only
had access to electronic medical record data for the enrolling aca-
demic medical centers. Rheumatology care provided outside
these systems may have been missed. Additionally, we limited
our analysis to patients who had a rheumatology visit within one
year prior to enrollment, assuming that those diagnosed with
SpA in an academic setting would be followed longitudinally
with at least annual visits. Consequently, patients with less fre-
quent visits or those lost to follow-up may have been overlooked.
However, it is unlikely that this would occur without any indication
of a rheumatic disease diagnosis in problem lists or clinic notes.

The true prevalence of SpA in patients with IBD remains
uncertain, with estimates in the published literature ranging from
1% to 46% for axial SpA and from 1% to 43% for peripheral
SpA.° Part of the challenge lies in the absence of classification cri-
teria for IBD-SpA. "6 Efforts to develop such criteria are underway,
and these tools will be essential for future clinical trials.”” In our
study, the frequency of positive screens varied from 16% to
36% for the DETAIL and from 24% to 51% for the IBIS-Q, sug-
gesting considerable heterogeneity even among cohorts in aca-
demic centers. Contributing factors may include differences in
patient demographics, local referral patterns, and other histori-
cally evolved practices. We cannot rule out study design as an
additional factor; although we mandated that consecutive
patients were approached before a routine visit to the IBD center,
other details of enrollment were left to the individual center as a
practical matter. How the study was presented to patients at each
site may have influenced their individual willingness to participate
(selection bias) or their response to questions (response bias). It
will be important to obtain similar data from patients with IBD in
different practice settings such a community practices or inte-
grated health care systems. However, a recent analysis of
population-based data from the US National Health and Nutrition
Examination Survey (NHANES) 1976 to 1980 and 2009 to 2010
cycles revealed high rates of chronic axial pain, inflammatory back
pain, and peripheral arthritis in persons with physician-diagnosed
IBD compared with those without an IBD diagnosis, which is

consistent with the substantial burden of SpA symptoms in the
IBD population revealed by the current study.'®

For both DETAIL and IBIS-Q, the proportion of patients who
screened positive was substantial, raising concerns about the
feasibility of providing a rheumatology assessment for all
screen-positive patients in clinical practice.'® Workforce limita-
tions may necessitate prioritizing patients for rheumatology
referral based on the likelihood of significantly improving their
symptom burden and long-term outcomes. Alternatively, if it
were possible to reliably predict which musculoskeletal mani-
festations would respond to specific IBD therapies, gastroen-
terologists might manage these symptoms effectively as part
of a broader treatment plan. More likely, the increasing diver-
sity and complexity of available treatments for SpA and IBD will
require and benefit from the concurrent management of
patients with IBD-SpA by gastroenterologists and rheumatolo-
gists in an interdisciplinary clinic, similar to the collaboration of
dermatologists and rheumatologists when managing patients
with psoriatic arthritis.2% 2

This study is the first to report SpA screening positivity rates
in IBD centers across different US geographic regions, providing
valuable insight into the potential burden of SpA in the US IBD
population. An additional strength of the study is that we com-
pared DETAIL and IBIS-Q in the same patient population. Limita-
tions include the cross-sectional design and the lack of a
rheumatology assessment to confirm SpA diagnoses. Despite
these limitations, our study highlights an important clinical prob-
lem. Future research should focus on improving access to rheu-
matology care for patients with IBD with musculoskeletal
symptoms and identifying those who will benefit most from such
interventions.
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Do the Provisional Paediatric Rheumatology International
Trials Organisation Enthesitis/Spondylitis-Related Juvenile
Idiopathic Arthritis Criteria Capture Youth With

Axial Spondyloarthritis?

Pamela F. Weiss,’
Robert A. Colbert,”
Nicolino Ruperto,'®
Walter P. Maksymowych,'®
Michael L. Francavilla,'®
Mehmet Yildiz,?°

Timothy G. Brandon,” () Amita Aggarwal,? ) Ruben Burgos-Vargas,*
Gerd Horneff,® () Ronald M. Laxer,” Kirsten Minden,® ') Angelo Ravelli,’
Judith A. Smith,"" Matthew L. Stoll,"? {2 Shirley M. Tse,"® “* Filip Van den Bosch,'*
Robert G. Lambert,'® ©' David M. Biko," Nancy A. Chauvin,"’
Jacob L. Jaremko,'® ) Nele Herregods,'® ) Ozgur Kasapcopur,®®
Hemalatha Srinivasalu,' {2/ Alison M. Hendry,?? and Rik Joos?

Objective. The Paediatric Rheumatology International Trials Organisation (PRINTO) recently undertook an effort to
better harmonize the pediatric and adult arthritis criteria. These provisional criteria are being refined for optimal perfor-
mance. We aimed to investigate differences between patients who did and did not fulfill these PRINTO criteria among
youth diagnosed with juvenile spondyloarthritis (SpA) that met axial juvenile SpA (axJSpA) classification criteria.

Methods. This was a retrospective cross-sectional sample of youth diagnosed with juvenile SpA who met the axJ-
SpA classification criteria. Demographics, clinical manifestations, and physician and patient-reported outcomes were
abstracted from medical records. Magnetic resonance imaging (MRI) scans underwent central imaging review by at
least two central raters. Differences between groups were compared using Wilcoxon signed-rank test or chi-square
test, as appropriate.

Results. Of 158 patients who met axJSpA criteria, 107 patients (68%) met the PRINTO provisional criteria for
enthesitis/spondylitis-related arthritis. A total of 41 patients (26%) did not fulfill any of the three major PRINTO criteria
due to lack of peripheral disease manifestations. Demographics, prevalence of inflammatory or structural lesions on
MRI, family history of SpA, and duration of pain were not statistically different between those who did and did not meet
PRINTO criteria. Those who fulfilled the PRINTO criteria had significantly more peripheral arthritis, enthesitis, and HLA-
B27 positivity but reported less sacral/buttock pain.

Conclusion. Phenotypic differences of children with axJSpA between those who were and were not classified by
the PRINTO criteria were primarily due to peripheral disease manifestations and HLA-B27 positivity. Modification of
the PRINTO provisional criteria may facilitate capture of youth with primarily axial disease.

INTRODUCTION

Most children with spondyloarthritis (SpA) are classified as
having enthesitis-related arthritis by the International League of
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SIGNIFICANCE & INNOVATIONS

+ Recently, classification criteria for youth with axial
juvenile spondyloarthritis (axJSpA) were developed
and validated.

+ Many youths who fulfill the axJSpA criteria were not
classifiable by the International League of Associa-
tions for Rheumatology enthesitis-related arthritis
(28%) criteria or the Paediatric Rheumatology Inter-
national Trials Organisation (PRINTO) provisional
juvenile idiopathic arthritis classification criteria for
enthesitis/spondylitis-related arthritis (32%).

+ We propose minor modifications to the provisional
PRINTO criteria to facilitate capture of youth with
juvenile spondyloarthritis manifested primarily by
axial disease.

Recently, classification criteria for youth diagnosed clinically with
axial juvenile SpA (axJSpA) were developed and validated.>*
The axJSpA criteria are comprised of five clinical and two imaging
domains. Each domain consists of two to four levels, and levels
within each domain are mutually exclusive. Patients with a score
of 55 or higher are classified as having axJSpA. In the validation
cohort, the axJSpA criteria had a specificity of 97.5% (95% confi-
dence interval [Cl] 91.4-99.7), sensitivity of 64.3% (95% ClI
54.9-73.1), and area under the receiver operating characteristic
curve of 0.81 (95% CI 0.76-0.86) using clinical SpA expert con-
sensus as the reference standard. The development of axial cri-
teria is in accordance with adult axSpA criteria, which define
distinct populations of adults with peripheral SpA and nonradio-
graphic axSpA and radiographic SpA.°

The shortfalls of the ILAR JIA criteria’ have been debated,®
and PRINTO undertook an effort to better harmonize the pediatric
and adult criteria for use in both routine clinical care and research.
In 2019, the PRINTO provisional criteria for JIA were published
with four categories of disease: systemic JIA, rheumatoid factor
positive JIA, enthesitis/spondylitis-related JIA, and early-onset
anti-nuclear antibody—positive JIA.2 However, these new provi-
sional criteria are not yet validated, and some refinement may be
necessary for optimal performance. Recent work from the Cana-
dian Research in Arthritis in Canadian Children, Emphasizing Out-
comes cohort demonstrated that in comparison to the ILAR JIA
criteria, a larger proportion of patients with JIA are unclassifiable
by the PRINTO criteria. Of 1,228 Canadian children with juvenile
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arthritis, 12% and 63.3% were unclassifiable using the ILAR or
PRINTO JIA criteria, respectively.”

In order to meet PRINTO criteria for spondylitis/enthesitis-
related arthritis, a child must meet at least one of the following
major criteria: (1) peripheral arthritis and enthesitis, (2) arthritis
or enthesitis, plus at least three months of inflammatory back
pain and sacraoilitis on imaging, or (3) arthritis or enthesitis, plus
two of the following: (a) sacroiliac joint (SIJ) tenderness,
(b) inflammatory back pain, (c) presence of HLA-B27 antigen,
(d) acute (symptomatic) anterior uveitis, or (e) history of SpA in
a first-degree relative. Peripheral arthritis, if present, should per-
sist for at least six weeks. For major criterion 2, “arthritis” refers
only to peripheral arthritis (not sacrailiitis), and inflammatory back
pain was defined according to the Assessment of Spondyoar-
thritis International Society (ASAS) definition,® which is frequently
used in adults with axial SpA but has not been validated in youth.
Inflammatory back pain according to ASAS is defined by fulfilling
at least four of the following criteria: (1) improvement with exer-
cise, (2) pain at night, (3) insidious onset, (4) age at onset
<40 years, or (5) no improvement with rest. In adults, these cri-
teria have a sensitivity and specificity of 77% and 91.7%,
respectively.® Imaging criteria for sacrailitis can be on radiogra-
phy or magnetic resonance imaging (MRI). The objectives of this
project were to (1) compare the clinical and imaging characteris-
tics of youth who fulfill the recently published axJSpA criteria
between those who do and do not also fulfill PRINTO provisional
criteria for enthesitis/spondylitis-related JIA, and (2) explore
what modifications to the PRINTO criteria would improve cap-
ture of youth with juvenile SpA (JSpA) manifested primarily by
axial disease.

PATIENTS AND METHODS

Study design. This study was reviewed by the Children’s
Hospital of Philadelphia (CHOP) Institutional Review Board (IRB),
and the IRB determined the procedures met the exemption cri-
teria per 45 Code of Federal Regulations 46.104(d) 4(ii) (IRB
19-016078). This was a retrospective cross-sectional study. This
study was a subanalysis of data used in the validation of the clas-
sification criteria for patients with axJSpA.2 The source of patients
was an international cross-sectional sample of youth with clinically
diagnosed JSpA between 2006 and 2021. Patients originated
from seven centers in North America (Bethesda, Maryland;
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Birmingham, Alabama; Cincinnati, Ohio; Columbus, Ohio;
Madison, Wisconsin; Philadelphia, Pennsylvania; and Washington,
District of Columbia), two centers in South America (Rio de Janeiro,
Brazil; Sao Paulo, Brazil), and five centers from Europe/Asia (Gent,
Belgium; Garmisch-Partenkirchen, Germany; Sankt Augustin,
Germany; Delhi, India; and Istanbul, Turkey). In addition to a clinical
diagnosis of JSpA, all patients had axial symptom onset before the
age of 18 years, had MR as part of a diagnostic evaluation for axial
disease, and fulfilled the axJSpA criteria.*

Clinical features. Clinical data (demographics, disease
characteristics, physical examination findings, and patient- and
physician-reported metrics) were abstracted from the patients’
medical records and collected on a standardized electronic case
report form using REDCap electronic data capture tools hosted
at the CHOP.® All PRINTO provisional criteria components were
collected as present/absent/unknown, and the remaining patient
characteristics of interest were collected with as much granularity
as was anticipated to be feasible through retrospective chart
abstraction. As such, information related to a patient’s history of
inflammatory back pain was collected as present/absent/
unknown at the interpretation of the submitting physician, and
the individual inflammatory back pain criteria components from
the ASAS definition were also collected.? To be included in the
study, all patients had to have MRI of the pelvis performed, and
the scans underwent central imaging review. Digital Imaging
and Communications in Medicine MRl files were transferred using
a secure file-sharing platform. Results of the imaging have been
previously reported as part of the axJSpA classification criteria
development.’® " The PRINTO criteria define sacroilitis on MRI
as follows: “1. Bone marrow edema (BMO) on a T2-weighted
sequence (required criteria) sensitive for free water (such as short
tau inversion recovery (STIR) or T2FS) or bone marrow contrast
enhancement on a T1-weighted sequence (such as T1FS post
Gadolinium). 2. Inflamsmation must be clearly present and located
in a typical anatomical area (subchondral bone). 3. MRI appear-
ance must be highly suggestive of SpA.”? Each imaging team
member’s assessment of the MRI was evaluated for the presence
of bone marrow edema, high-confidence inflammatory lesions (>3
of 5) are compatible with active lesions seen in patients with axial
SpA, and high confidence (>3 of 5) that the findings on the MR
of the SlJs are indicative of SpA. Imaging was rated independently
and blind to clinical details by at least two central imaging team
members, and a third rater adjudicated patients for whom there
was disagreement on the global assessment of the presence/
absence of lesions typical of axial SpA. Unequivocal evidence of
inflamlmatory lesions on MRI typical of axJSpA was defined as
bone marrow edema in at least three SlJ quadrants across all
SIJ MRI slices. Unequivocal evidence of structural lesion(s) on
MRI typical of axJSpA was defined as erosion in at least three
quadrants or sclerosis or fat lesion in at least two SIJ quadrants
or backfill or ankylosis in at least two joint halves across all SIJ

MR slices.'® In the absence of pelvic MRI, unequivocal evidence
of structural lesions on radiograph typical of axJdSpA was defined
as follows: “unequivocal lesion (erosion, sclerosis, or ankylosis
[partial or complete]) that must include at least one iliac bone;
When sclerosis is present in isolation, if measurable, it should
extend >5mm from the joint surface; The decision may be influ-
enced by the presence of other lesions, which in themselves do
not suffice to meet the criterion.””

Outcome and analysis. The primary outcome was fulfill-
ment of the PRINTO provisional spondylitis/enthesitis-related
JIA criteria. Patient demographics, clinical manifestations, and
physician- and patient-reported outcomes were evaluated using
standard descriptive statistics. Differences between groups were
compared using Wilcoxon rank-sum test or chi-square test as
appropriate.

RESULTS

Among 521 children and adolescents diagnosed with JSpA
by a clinician, 158 fulfiled the axJSpA classification criteria, but
only 113 of them (72%) met ILAR criteria for enthesitis-related
arthritis, and 107 (68%) met PRINTO provisional criteria for enthe-
sitis/spondylitis-related JIA. For patients who met axJSpA criteria,
109 patients (69%) were male, the median age was 15 years
(interquartile range 12.6-16.8 years), and 63% were HLA-B27
positive. Table 1 compares the clinical features of patients who
did and did not fuffill the provisional PRINTO criteria. Demo-
graphics, family history of SpA, and location of back pain were
not statistically different between the two groups. More patients
who fulfilled the PRINTO criteria had peripheral arthritis, enthesitis,
acute anterior uveitis, a polyarticular disease course, pain with
deep palpation or maneuver of the SIJ, and morning stiffness last-
ing 15 minutes or longer. HLA-B27 positivity, which is a minor
PRINTO criterion, was also significantly higher in those who ful-
filled the PRINTO criteria. More patients who did not meet the
PRINTO criteria had complaints of sacral or buttock pain than
those who met PRINTO criteria. Table 2 compares the MR fea-
tures at the SlJ of patients who did and did not fulfill the provi-
sional PRINTO criteria. There were no significant differences in
the prevalence of inflammatory or structural lesions on MRI
between the groups.

The proportion of patients meeting each of the major and
minor PRINTO criteria are shown in Table 3. A total of 41 patients
(26%) classified as having axJSpA did not have peripheral disease
manifestations of arthritis or enthesitis, thereby making fulfillment
of any of the three major PRINTO criteria impossible. Of these
patients, all 41 (100%) had objective evidence of unequivocal
inflammatory and/or structural changes typical of axJSpA on pel-
vic MRI. Of the 10 patients who did have arthritis or enthesitis but
still did not fulfill a major criterion, none fulfilled the minor criteria for
inflammatory back pain of at least three months as reported by
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Table 1. Clinical features of patients with axial disease*
All PRINTO (-) PRINTO (+)
Characteristic N n (%) N n (%) N n (%) P value
Age at reference date, Median (IQR),y 158 15.0(12.6-16.8) 51 14.4(12.0-16.3) 107 154(12.9-17.0) 0.17
Male 158 109 (69.0) 51 32(62.7) 107 77 (72.0) 0.24
Family history of HLA-B27 disease 142 34(23.9) 50 11 (22.0) 92 23(25.0) 0.70
Pain
Sacral/buttock 158 74 (46.8) 51 30 (58.8) 107 44.(41.1) 0.04
Hip/groin 158 98 (62.0) 51 31 (60.8) 107 67 (62.6) 0.82
Insidious onset 139 119 (85.6) 41 32(78.0) 98 87 (88.8) 0.10
Duration
>6 weeks 152 137 (90.1) 50 47 (94.0) 102 90 (88.2) 0.26
>12 weeks 152 96 (63.2) 50 37 (74.0) 102 59 (57.8) 0.05
Stiffness =15 minutes 109 67 (61.5) 30 13(43.3) 79 54 (68.4) 0.02
Clinical characteristics
Sl pain on examination? 158 81(51.3) 51 19(37.3) 107 62 (57.9) 0.01
History of peripheral arthritis 158 86 (54.4) 51 6(11.8) 107 80 (74.8) 0.00
History of enthesitis 158 68 (43.0) 51 4(7.8) 107 64 (59.8) 0.00
HLA-B27 149 94 (63.1) 49 24 (49.0) 100 70 (70.0) 0.01
Polyarticular arthritis 158 18(11.4) 51 2(3.9) 107 16 (15.0) 0.05
Acute anterior uveitis 158 9(5.7) 51 0(0.0) 107 9(8.4) 0.03

* Bolded values represent P values below 0.05. IQR, interquartile range; PRINTO, Paediatric Rheumatology Interna-

tional Trials Organisation; SI, sacroiliac.

@ Pain with deep palpation or flexion abduction and external rotation/Mennell’s sign/Gaenslen’s maneuver was

included.

the physician submitting the case report. None of these
10 patients met the ASAS definition either, primarily because
most of the components of the criteria were not available in the
patient chart. Nine of the 10 patients reported lumbar, sacral, but-
tock, hip, or groin pain of at least 12 weeks’ duration.

The second major criterion of the provisional PRINTO enthe-
sitis/spondylitis-related arthritis is primarily geared toward inclu-
sion of children with axial disease. However, only 65 children

(41.1%) who were classified as having axJSpA fuffiled this crite-
rion. A total of 137 youth (86.7%) classified as having axJSpA
had low-back/buttock/hip/groin pain for >6 weeks, 96 (60.8%)
had low-back/buttock/hip/groin pain for >12 weeks, 93 (58.9%)
had inflammatory back pain for >12 weeks (as defined by the
treating physician), and 28 (17.7%) had the necessary compo-
nent data available and met ASAS criteria for inflammatory back
pain for >12 weeks. A total of 132 patients with axJSpA (83.5%)

Table 2. Imaging features of patients with axial disease*
All PRINTO (-) PRINTO (+)
Characteristic N n (%) N n (%) N n(%) Pvalue
Imaging experts” MRI findings: inflammatory lesions
Inflammation in subchondral bone marrow 158 141(89.2) 51 44(86.3) 107 97(90.7) 0.41
Inflammation at site of an erosion cavity 158 89(56.3) 51 30(58.8) 107 59(55.1) 0.66
Inflammation in SIJ capsule 158  31(19.6) 51 10(19.6) 107 21(19.6) 1.00
Joint space enhancement on contrast® 74 29(39.2) 27 12(44.4) 47 17 (36.2) 0.48
Joint fluid 158  16(10.1) 51 4(7.8) 107 12(11.2) 0.51
Enthesitis outside Sl 158 34215 51 11(21.6) 107 23(21.5) 0.99
Unequivocal inflammatory lesions® 156 139(89.1) 50 44(88.0) 106 95(89.6) 0.76
Imaging experts’ MRI findings: structural lesions
Sclerosis 158 70(443) 51 24(47.1) 107 46(43.0) 0.63
Erosion 158 132(83.5) 51 43(84.3) 107 89(83.2) 0.86
Fatty lesion 158  19(12.0) 51 3(5.9) 107 16(15.0) 0.10
Fat metaplasia in an erosion cavity 158 13(8.2) 51 2(3.9) 107 11 (10.3) 017
Ankylosis 158 4(25) 51 0(0.0) 107 4@3.7) 0.16
Unequivocal structural lesions® 155 136(87.7) 50 46(92.0) 105 90(85.7) 0.26

* MRI, magnetic resonance imaging; PRINTO, Paediatric Rheumatology International Trials Organisation; SlJ, sacro-

iliac joint.

@ Only patients who had MRI with contrast were included.

Unequivocal evidence of inflammatory lesions typical of axial disease was bone marrow edema in at least three

SlJ quadrants across all Sl MRl slices.

¢ Unequivocal evidence of structural lesion(s) typical of axial disease was erosion in at least three quadrants or sclero-
sis or fat lesion in at least two Sl quadrants or backfill or ankylosis in at least two joint halves across all S|f MRl slices.
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Table 3. Proportion of patients with juvenile SpA and axial disease
fulfiling each PRINTO enthesis/spondylitis-related juvenile idiopathic
arthritis criterion*

Criterion N n (%)
Peripheral arthritis and enthesitis 158 37234
Peripheral arthritis 158 86 (54.4)
Enthesitis 158 68 (43.0)
Arthritis or enthesitis, plus at least three 158  65(41.1)

months of inflammatory back pain
and sacroiliitis on imaging

Peripheral arthritis or enthesitis 158 117 (74.1)
At least three months of inflammatory 156 93(59.6)
back pain
Sacroiliitis on imaging 158 158 (100.0)
Arthritis or enthesitis plus at least two of 158  95(60.1)
the following: SIj tenderness, inflammatory
back pain, presence of HLA-B27 antigen,
acute (symptomatic) anterior uveitis, or
history of SpA in a first-degree relative
Peripheral arthritis or enthesitis 158 117 (74.1)
Sl) tenderness 156 105(67.3)
Inflammatory back pain 147 100 (68.0)
Presence of HLA-B27 antigen 149 94 (63.1)
Acute (symptomatic) anterior uveitis (ever) 158 9(5.7)
History of SpA in a first-degree relative 147  26(17.7)

* PRINTO, Paediatric Rheumatology International Trials Organisa-
tion; Sl), sacroiliac joint; SpA, spondyloarthritis.

met the definition of imaging typical of axial disease in the PRINTO
criteria.’?

We tested how modifications to the second major PRINTO
enthesitis/spondylitis-related JIA criterion impacted the propor-
tion of children with axJSpA who could be captured by the criteria
(Table 4). The proportion of children classified with axJSpA

captured by the second criterion increased by 31.1% and
45.6% by modifying the second criterion to “at least six weeks
of low-back/buttock pain plus imaging typical of axJSpA” or “at
least six weeks of low-back/buttock/hip/groin pain plus imaging
typical of axJSpA,” respectively. Both modifications facilitated
capture of more than 93% of children classifiable as having
axJSpA.

DISCUSSION

Based on the recently validated criteria for axial involvement
in children with SpA,3 current ILAR enthesitis-related arthritis and
PRINTO enthesitis/spondylitis-related JIA classification criteria
would miss between one-quarter and one-third of such patients,
and about 20% of them would not fit in any recognized ILAR or
PRINTO categorization. Further, patients fulfilling or not fulfiling
the PRINTO criteria had indistinguishable pelvic MRI findings.
Coverage of axJSpA could be improved by relaxing PRINTO cri-
teria to allow for six weeks’ duration of inflammatory pain in the
back, buttocks, or hips and by not requiring the presence of
peripheral arthritis or enthesitis.

The ILAR JIA classification criteria have faced a number of
criticisms, one of which being that many children who primarily
have axial disease do not fulfill the enthesitis-related, psoriatic, or
undifferentiated arthritis ILAR criteria.'® Fagilitating classification
has implications for inclusion in clinical trials and may also ulti-
mately impact access to medications. The clinical and imaging
manifestations of axial disease were not significantly different
between those who did and did not fulfill the provisional PRINTO

Table 4. lterations of PRINTO enthesitis/spondylitis-related arthritis criterion 2*

Classified as
Fulfilling enthesitis/spondylitis-related
Criteria criterion, n (%) JIAwhen added to criteria 1 and 3, n (%)
Provisional PRINTO criterion 2: arthritis or enthesitis, plus at least 65 (41.1) 107 (67.7)
three months of inflammatory back pain® and sacroiliitis on
imaging
Potential alternate criteria
At least three months of inflammatory back pain® plus imaging 93 (58.9) 135 (85.4)
typical of axial disease in patients with juvenile SpA®
At least three months of low-back/buttock pain plus imaging 81 (51.3) 142 (89.9)
typical of axial disease in patients with juvenile SpA®
At least six weeks of low-back/buttock pain plus imaging typical of 114 (72.2) 147 (93.0)
axial disease in patients with juvenile SpA°
At least six weeks of low-back/buttock/hip/groin pain plus 137 (86.7) 152 (96.2)

imaging typical of axial disease in patients with juvenile SpA°

* JIA, juvenile idiopathic arthritis; MRI, magnetic resonance imaging; PRINTO, Paediatric Rheumatology International Trials Organisation; SlJ,

sacroiliac joint; SpA, spondyloarthritis.

@ Inflammatory back pain was designated by the submitting physician.

Imaging typical of axial disease in patients with juvenile SpA was defined as at least one of the following: unequivocal evidence of inflamma-
tory lesions on MRI typical of axial disease in patients with juvenile SpA (bone marrow edema in at least three Slj quadrants across all SIj MRI
slices); unequivocal evidence of structural lesion(s) on MRI typical of axial disease in patients with juvenile SpA (erosion in at least three quad-
rants or sclerosis or fat lesion in at least two SIJ quadrants or backfill or ankylosis in at least two joint halves across all SIj MRI slices); or in the
absence of pelvic MRI, unequivocal evidence of structural lesions on radiography typical of axial disease in patients with juvenile SpA (erosion,
sclerosis, or ankylosis [partial or complete]) that must include at least one iliac bone. When sclerosis is present in isolation, if measurable, it
should extend =5 mm from the joint surface. The decision may be influenced by the presence of other lesions, which in themselves do not suf-

fice to meet the criterion.
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criteria. The phenotypic differences between those who were and
were not classified by the provisional PRINTO criteria
were primarily related to peripheral disease manifestations. Modi-
fication of the second major criterion of the PRINTO provisional
criteria could greatly facilitate capture of most children with pri-
marily axial disease.

There are several aspects of the provisional PRINTO criteria
that present challenges to classifying children with axial disease.
First, to fulfil the second major criterion, children must have
peripheral disease—either arthritis or enthesitis. In the cohort of
children classified as having axJSpA presented herein, approxi-
mately one-fourth did not have any peripheral disease manifesta-
tions. By eliminating the peripheral disease requirement in this
criterion, an additional 17.7% of the cohort with axJSpA was clas-
sifiable by the provisional PRINTO criteria. Second, to fulfill the
second major criterion, children must have a back pain duration
of three months or longer. The international clinical expert panel
involved in the development and validation of the axJSpA criteria
achieved >80% agreement that duration of pain for at least six
weeks was sufficient; additionally, the definition of chronic
(peripheral) arthritis is a duration of at least six weeks and that
cohesiveness in definitions may improve the utility of the criteria.
Third, the provisional PRINTO criteria only consider “back” pain.
In the development of the axJSpA criteria, many symptomatic
children with axJSpA did not describe their pain as originating in
the back but instead localized pain to the buttocks, groin, and
hip. Last, to fuffill the second PRINTO criterion, back pain must
meet the ASAS defintion of inflammatory back pain.® These cri-
teria have not been validated in children, and applying the adult
criteria for inflammatory back pain has historically had low sensi-
tivity and specificity in this population.™ Only 73% of the patients
in this cohort had enough data to assess for the ASAS definition,
and of those, 41.7% met the inflammatory back pain definition.
The axial SpA criteria for adult patients incorporate chronic low-
back pain of at least three months’ duration as an essential
requirement.’® However, the back pain does not need to be
inflammatory. Inflammatory back pain is one of the clinical SpA
variables that may contribute to classification of patients as having
axSpA but is not an essential variable because its inclusion does
not enhance the performance of the criteria.

There are several limitations to this study. The study was
cross-sectional and included data from existing patients. There-
fore, some elements of the standardized case report form were
unavailable. However, data missingness was minimal, and details
that were missing reflect aspects of the history and/or examina-
tion that perhaps are not uniformly valued as being clinically
important in the assessment of axial disease in children. There
were no missing data for imaging, and an added strength was
that all imaging was interpreted by a central imaging team.
Another limitation is that the proposed modifications to the sec-
ond PRINTO major criteria may not work as well when applied to
the broader population with JSpA. Only children with a clinical

JSpA diagnosis and who met axJSpA classification criteria were
included in this analysis. However, the axJSpA criteria were devel-
oped leveraging a group of children with a clinical diagnosis of
JSpA and suspected axial disease. The performance of the mod-
ification will ultimately need to be tested in a population inclusive
of children with JSpA with and without axial disease.

In conclusion, one-third of children diagnosed clinically with
JSpA who met axJSpA classsification criteria remain unclassifiable
by the provisional PRINTO criteria. There were no imaging differ-
ences between those who did and did not meet PRINTO criteria.
The phenotypic differences of children with axJSpA between
those who are and are not classified by the PRINTO criteria were
primarily limited to peripheral disease manifestations and HLA-
B27 positivity. Modification of the second major PRINTO provi-
sional criterion, which is focused primarily on those with axial
manifestations, may facilitate capture of youth with JSpA mani-
fested primarily by axial disease.
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Priority Musculoskeletal Health Research Questions
for People With Generalized Joint Hypermobility:
An International Delphi Study

Sara Habibian, Verity Pacey,? '/ Cliffton Chan," Alan J. Hakim,? and Cylie M. Williams*

Objective. This study aimed to identify the top 10 international research priorities for musculoskeletal health of
people with generalized joint hypermobility.

Methods. A three-round Delphi method using an online survey was implemented. Three participant stakeholder
groups were eligible for inclusion: (1) people with lived experience of joint hypermobility or their carers, (2) health care
professionals, and (3) researchers with experience working with individuals with hypermobility. Participants provided
up to three priority research questions in round 1. In round 2, participants prioritized 10 research questions from the
unique questions proposed in round 1. In round 3, participants were presented with the top 10 questions from the over-
all cohort and for their stakeholder group(s) and asked to rank these in order of importance.

Results. Round 1 commenced with 396 participants who provided 958 individual questions, which reduced to
210 unique questions following data cleaning. There were 257 participants (65% of 396) in round 2, and 249 partici-
pants (63% of 396, lived experience n = 230, health care professionals n = 73, and researchers n = 21) in round
3. The overall top-ranked question was, “How can we prevent disability, pain, and poor quality of life associated with
the musculoskeletal comorbidities of symptomatic generalized joint hypermobility?” Specific stakeholder group prior-
ity research questions varied. People with lived experience prioritized treatment questions, whereas health care profes-
sionals and researchers prioritized service-impact and utilization research questions.

Conclusion. Priority research questions relating to musculoskeletal health of people with generalized joint hyper-
mobility have been internationally identified. These questions provide a future focus for meaningful and necessary

research in this field.
INTRODUCTION

Joint hypermobility is common in the general population, with
the prevalence ranging between 5% to 40% in children and 10%
to 20% of adults.” Excessive movement of joints beyond their
normal range is the descriptor of joint hypermobility. Associated
concerns for individuals with joint hypermobility include joint and
soft tissue injury and health issues.”? In certain groups, joint
hypermobility can become symptomatic and present as a feature
of heritable connective tissue disorders. Common heritable con-
nective tissue disorders are hypermobility spectrum disorder and
hypermobile Ehlers-Danlos syndrome (EDS), with an estimated
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combined prevalence of 19 in 10,000 people.® Musculoskeletal
problems are the most common concern and one of the most
important difficulties faced by and prioritized by this population
because of the significant impact on long-term health and quality
of life.*”

People with symptomatic generalized joint hypermobility
experience various musculoskeletal issues, including but not lim-
ited to acute and chronic pain and fatigue, joint instability, soft tis-
sue injury, muscle weakness, balance issues, joint proprioception
difficulties, movement dysfunction, and pelvic floor dysfunction.”
Multiple population studies involving adults and symptomatic chil-
dren have demonstrated the breadth of these issues across the
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SIGNIFICANCE & INNOVATIONS

+ Preventing disability, pain, and poor quality of life
associated with the musculoskeletal comorbidities
of symptomatic generalized joint hypermobility is
the top identified research priority.

+ Other highly ranked questions related to disease
etiology, disease prevention, diagnosis, prognosis,
treatment, meaning, and service-impact.

+ People with lived experience prioritized treatment
research questions, whereas health care profes-
sionals and researchers prioritized service-impact
and utilization research questions.

lifespan.®®'" A wide range of therapeutic interventions have
been suggested to improve musculoskeletal health and the over-
all quality of life of people with symptomatic generalized joint
hypermobility.">~'* However, there remains a lack of consistency
in the research methodology and findings addressing intervention
approaches for individuals with generalized joint hypermobility.
This creates confusion and makes decision-making difficult for
patients and their health care providers, despite the considerable
number of emerging interventional studies in this area.'®1°

In optimizing care, it is valuable to determine the most con-
cerning problems from different stakeholder perspectives includ-
ing people with lived experience of a condition, health care
professionals, and researchers. This guides and prioritizes further
research aimed at informing key areas required to minimize and
prevent musculoskeletal ill-health and associated reduced quality
of life. To the best of our knowledge, there has been no investiga-
tion that has formally identified the key research questions
deemed relevant by stakeholders in the area of musculoskeletal
health related to generalized joint hypermobility. This study sets
out a top 10 list of research priorities for consumers (people with
lived experience), health care professionals, and researchers,
aiming to guide the prioritization of resources in this field.

MATERIALS AND METHODS

Design. The study was designed as a three-round modified
Delphi online survey to generate the top 10 priority research ques-
tions according to three stakeholder groups. The Delphi technique
was employed to purposefully gain international consensus from
multiple perspectives, allowing equal input from all participants with
anonymity.'”'® This study was approved by Monash University
Human Research Ethics Committee (MUHREC37840). Reporting
of results was informed using the Conducting and Reporting Delphi
Studies checklist."®

Participants. People living with symptomatic generalized
joint hypermobility or their carer (consumers), health care profes-
sionals, and researchers were invited to complete the three

rounds. All participants were required to consent to provision of
their email for tracking completion across rounds, being above
18 years of age, and provided informed consent following reading
the information and consent forms. There were no reimburse-
ments for participation, and withdrawal was possible at any time
through nonresponse.

Recruitment. Participants were recruited through direct
email, links on websites, and social media posts (eg, LinkedIn,
Facebook, Instagram, and X) inviting participation by organiza-
tions based within the United Kingdom and United States of
America who play an advocacy role in musculoskeletal health
internationally (eg, The Ehlers-Danlos Society, working groups of
The International Consortium on EDS and Hypermobility Spec-
trum Disorders, and Pediatric Global Musculoskeletal Taskforce
Working Group). Snowballing recruitment was encouraged in
recruitment requests to professional networks and on social
media. Recruitment commenced for round 1 in June 2023, with
round 3 closing in November 2023.

Procedures. The survey was administered using the online
platform Qualtrics (Provo, Utah). Round 1 was open for five
weeks, with subsequent rounds open for two to four weeks. At
the commencement of rounds 2 and 3, participants were emailed
instructions for completion and reminded weekly of the closing
date. At the start of each round, participants were provided addi-
tional information to support their responses (eg, terminology def-
initions, Supplementary Data S1). Before commencement of the
study, the survey was piloted within the research team, which
included an individual affected with symptomatic generalized joint
hypermobility, a carer of an individual affected with symptomatic
generalized joint hypermobility, and health professionals from
three countries and three different professions.

Round 1 design and analysis. Round 1 contained ques-
tions relating to demographic information including sex, age,
country of residence, and the stakeholder group(s) participants
identified with (consumer, health care professional, or researcher).
Sex was self-reported from one of four categories (female, male,
nonbinary, or other), with participants able to provide an open-
ended response if they chose other. Additional information was
collected based on the responses. For example, health care pro-
fessionals were asked to provide profession, country of work, and
working sector(s) (public or private). Survey logic functions were
used to raise the additional questions with the relevant partici-
pants. Participants were asked, “What questions about musculo-
skeletal health and generalized joint hypermobility would you most
like to see answered by research?” Participants had the option of
providing up to three questions of any type, such as treatment,
diagnosis, and prognosis. The Qualtrics language function was
used to allow participants to complete the survey in English,
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Persian, or Chinese, and translations were undertaken by the
study authors who are native speakers of these languages
(SH, CC).

Responses were exported into Microsoft Excel (version
23, Microsoft Corporation). Each response was independently
analyzed by a combination of two authors (SH and VP, CC or
CMW). Questions unrelated to generalized joint hypermobility
and musculoskeletal health were excluded. All questions were
checked to ensure that they had not been previously answered
through a published systematic review with meta-analysis in a
peer-reviewed journal. Categorization adapted from the original
population, intervention, control, and outcomes (PICO) was used
to organize questions based on the phrasing by participants.?

This classification system included questions relating to etiology,
diagnosis, prevention, treatment, prognosis, meaning, and
service-impact and utilization. All excluded questions and all cate-
gorization allocations were independently reviewed by each of the
authors pairs, and disagreement was resolved by consensus
through a third author.

Included questions were distributed among three pairs of
authors (SH and either VP, CC, or CMW) to consolidate and refor-
mat for consistency based on specific PICO categories. Several
principles were followed while ensuring minimal editing of the
questions with the aim of (1) increasing the clarity of the main
intent of the question, (2) using culturally sensitive or person-
centered language, and (3) ensuring the final output conformed

Table 1. Summary of participants’ characteristics
Characteristics Round 1 Round 2 Round 3
Total sample, n (%) 396 (100.0) 257 (64.8) 249(62.8)
Age (yr), n (%)
Younger than 20 10(2.5) 72.7) 8(3.2)
20-29 50 (12.6) 25(9.7) 28(11.3)
30-39 109 (27.5) 82 (32) 69 (27.7)
40-49 93 (23.5) 54 (21.0) 57 (22.9)
50-59 88(22.2) 57(22.2) 55(22.1)
60-69 32(8.1) 25(9.7) 25(10.0)
70-79 13(3.3) 7(2.7) 7 (2.8)
80 years or older 1(0.3) - -
Sex, n (%)
Female 353(89.1) 228(88.7)  221(88.8)
Male 26 (6.6) 19(7.4) 18(7.2)
Nonbinary 8(2.0) 4(1.5) 5(2.0)
Preferred to describe 9(2.3) 6(2.3) 5(2.0)
Stakeholder groups, n (%)
Consumers: people living with generalized joint hypermobility or carer 359 (72.4) 230(69.0)  230(71.0)
Health care professionals 105 (21.2) 78 (23.0) 73 (22.5)
Researchers 32(6.4) 27 (8.0) 21 (6.5)
Geographic diversity, n (%)
North America 231 (58.3) 141 (54.9) 137 (55.0)
Australia 90(22.7) 60 (23.3) 62 (24.9)
Europe 63(15.9) 47 (18.3) 41 (16.5)
Asia 9(2.3) 72.7) 7(2.8)
Africa 2(0.5) 2(0.8) 2(0.8)
South America 1(0.3) - -
Health care professional group breakdown, n (%) 105 78 67
Physical therapist 53 (50.5) 43 (55.0) 39 (58.1)
Physician 18(17.1) 13(16.7) 11 (16.4)
Occupational therapist 5 (4.8) 2(2.6) 2(3.0)
Podiatrist 5(4.8) 4(5.1) 2(3.0)
Nurse 4(3.8) 2(2.6) 4(6.0)
Dietitian/nutritionist 4(3.8) 3(3.8) =
Psychologist 4(3.8) 2(2.6) 2(3.0)
Surgeon 2(1.9) 1(1.3) 1(1.5)
Chiropractor 2(1.9) 1(1.3) 1(1.5)
Other?® 8(7.6) 7 (9.0) 5(7.5)
Health care sector, n (%)
Private 65 (61.9) 50 (64.1) 42 (62.7)
Public 34(32.4) 24 (30.8) 21 (31.3)
Other® 6(5.7) 4(5.1) 4(6.0)

@ Includes sports therapist (n = 1), medical writer (n = 1), speech therapist (n = 1), board-certified patient advocate
(n=1), craniosacral therapist (n = 1), psychotherapist (n = 1), mental health counselor (n = 1), and genetic counseling

(n=1).

® Includes social aid, waiver programs for adults with disabilities, and university-affiliated hospital.
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Round 1

All participant responses
N=396

(Consumers n=359 Health Professionals n=105 Researchers n=32)

Round 2

All participant responses
N=257 (65% of 396)
(Consumers n=230 Health Professionals = 78 Researchers = 27)

Round 3

All participant responses N=249 (63% of 396)
(Consumers n=230 Health Professionals n=73 Researcher = 21)

Total generated questions
N=958
Questions removed:

Out of scope = n=517
Duplicates = 231

Ranked 210 questions according to 7 difference

categories

Questions removed:
Lowest ranked = 160

All ranked from 10 questions
Consumers ranked from 10 questions
Health Professionals ranked from 11 questions
Researchers ranked from 19 questions

Figure 1.

to a question format. Author pairs independently edited the refor-
matted questions and then reviewed the outputs as a group. Any
disagreement in editing was resolved by consensus at the group
discussions. The final questions from round 1 were presented in
their respective themes to the participants in round 2.

Round 2 design and analysis. Participants were pre-
sented with the full list of questions and instructed to choose as
many questions as they deemed significant from the entire list. To
reduce selection bias, the randomized function within the survey
software was used to present the questions in varied order between
participants. The survey flow then allowed participants to narrow
their selections to a maximum of 10 questions. When requested,
participants who contacted the research team reporting difficutties
reviewing the high number of questions were supported via email
by one of authors (CMW) to narrow down their choices by re-
presenting muitiple smaller lists within the time period of round
2. The top 10 questions were identified by calculating the frequency
of all participant responses. In addition, the top 10 questions for each
group were identified in the same manner. When there was an exact
equal frequency of responses to a question within the top 10, each
of these questions were returned to participants in round 3.

Round 3 design and analysis. All participants, regardless
of whether they had participated in round 2, were invited to take

Flow of participants and research questions through the Delphi rounds.

part in round 3 to rank the top 10 questions overall and to rank
the top 10 questions related to their stakeholder group(s). Each
question was allocated a score depending on the ranking, and total
points calculated for each research question based on all responses.
This method was repeated for questions within each group.

RESULTS

A total of 396 participants provided 958 questions in round
1. Table 1 shows the distribution of overall participant demo-
graphic data and a detailed breakdown of the health care profes-
sional group. Almost all responses provided by participants were
in English (n = 394, 99.5%), with two responses in Persian
(0.5%). Figure 1 summarizes each Delphi round leading to the
identification of the top 10 questions.

The 958 questions were cleaned by amalgamating 231 ques-
tions due to repetition and the removal of 517 considered outside
the scope of this research subject such as causes or treatments
of nonmusculoskeletal symptoms (eg, autoimmune disorders,
gastrointestinal conditions, and orthostatic intolerance). Partici-
pants were provided with information about how these questions
were cleaned with examples (Supplementary Data S2). The final
210 questions were grouped by PICO category of prevention
(n = 10, 5% of questions), diagnosis (n = 30, 14%), prognosis
(n =11, 5%), etiology (n = 36, 17%), treatment (n = 80, 38%),
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B o PrevenTiON

How can we prevent disability, pain,
and poor quality of life associated
with the musculoskeletal co-
morbidities of symptomatic GJH?

. Q2. TREATMENT ‘\'M

What is the most effective treatment

for pain and fatigue associated with
GJH and EDS? /\j\
Q3. SERVICE IMPACT
& UTILISATION
guidelines for GJH, HSD and hEDS
across the lifespan?
Q4. SERVICE IMPACT
& UTILISATION
supporting people with GJH to
increase strength over the life span?
B as. DiaGNOSIS
What are the most common
musculoskeletal co-morbidities in
people with GJH across the

What are the clinical practice
What is the most effective way of
lifespan?

QUESTIONS
AND THEIR

. Q6. PROGNOSIS

What factors predict transition from
asymptomatic to symptomatic
GJH?

| Q7. AETIOLOGY
Why do people with GJH commonly

have neurological problems?

SN

What are the most limiting aspects
of hypermobility in daily life
activities as perceived by individuals
with symptomatic GJH?

| @8. MEANING

Q9. MEANING

Why do health professionals
demonstrate a strong aversion
towards individuals with chronic
pain and/or fatigue in conjunction
with GJH?

Q10. TREATMENT

What is the most effective way to
cope with severe muscle spasms for
people with GJH?

Figure 2. The top 10 research questions identified by all participants. EDS, Ehlers-Danlos syndrome; GJH, generalized joint hypermobility;
hEDS, hypermobile Ehlers-Danlos syndrome; HSD, hypermobility spectrum disorders. Color figure can be viewed in the online issue, which is

available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25501/abstract.

meaning (N = 10, 5%), and service-impact and utilization (n =
33, 16%) (Supplementary Data S3).

The overall top 10 priority research questions of the cohort cov-
ered all seven PICO categories (Figure 2). The top 10 priority
research questions differed between stakeholder groups. The prior-
ity research questions from the consumers only perspective (Table 2)
related to treatment and prevention questions, whereas both health
care professionals (Table 3) and researchers (Table 4) prioritized
questions regarding service-impact and utilization (eg, clinical prac-
tice guidelines).

DISCUSSION

To our knowledge this is the first study to explore and priori-
tize research questions regarding musculoskeletal health con-
cerns in people with generalized joint hypermobility. Participants
prioritized a broad range of questions across seven categories
adapted from PICO.2%2" These findings provide an important
foundation for funders and research groups to drive research
agendas that consider different stakeholder perspectives. The
number of priority questions and their breadth across the
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Table 2. Top 10 research questions by consumers only after round
3(n=186)

Table 3. Top 10 research questions by health care professionals
after round 3 (n = 73)*

Modified PICO Modified PICO

Rank Research question category Rank Research question category

1 What is the most effective Treatment 1 What are the clinical practice Service-impact and
treatment for pain and fatigue guidelines for GJH, HSD, and utilization
associated with GJH and EDS? hEDS across the lifespan?

2 How can we prevent disability, Prevention 2 What are the clinical guidelines for ~ Service-impact and
pain and poor quality of life developing strength, balance, utilization
associated with the stability, and proprioception in
musculoskeletal comorbidities children with GJH?
of symptomatic GJH? 3 What are the best screening tools Diagnosis

3 What is the most effective way to Treatment to identify GJH?
strengthen muscles without 4 What is the role of the sensory Prognosis
postexercise side effects in system, specifically the
people with GJH? proprioceptive system, in

4 What are the clinical practice Service-impact and people with GJH?
guidelines for GJH, HSD, and utilization 5 How early can children be Diagnosis
hEDS across the lifespan? identified with GJH or

5 What are the most common Diagnosis diagnosed with HSD or hEDS?
musculoskeletal comorbidities 6 What is the impact of puberty on Prognosis
in people with GJH across the the musculoskeletal health of
lifespan? individuals with GJH?

6 What factors predict transition Prognosis 7 What are the most common Diagnosis
from asymptomatic to musculoskeletal comorbidities
symptomatic GJH? in people with GJH across the

7 Why do people with GJH Etiology lifespan?
commonly have neurologic 8 What factors predict transition Prognosis
problems? from asymptomatic to

8 What are the most limiting aspects Meaning symptomatic GJH?
of hypermobility in daily life 9 What is the prevalence of Diagnosis
activities as perceived by nutritional deficiencies that
individuals with symptomatic impact connective tissue
GJH? formation and muscle function/

9 Why do health professionals Meaning recovery/repair in people with
demonstrate a strong aversion GJH?
toward individuals with chronic 10 Do individuals with GJH have a Prognosis
pain and/or fatigue in slower rate of tissue healing
conjunction with GJH? than individuals without GJH?

10 What is the most effective wayto Treatment * GJH, generalized joint hypermobility; hEDS, hypermobile Ehlers-

cope with severe muscle
spasms for people with GJH?

* EDS, Ehlers-Danlos syndrome; GJH, generalized joint hypermobil-
ity; hEDS, hypermobile Ehlers-Danlos syndrome; HSD, hypermobil-
ity spectrum disorders; PICO, population, intervention, control, and
outcomes.

categories also allows for a strong staged research program to be
adopted, with many of the questions interlinked across the trans-
lational medicine and implementation science landscape from eti-
ology to service delivery.

The highest overall ranked question was, “How can we pre-
vent disability, pain, and poor quality of life associated with the
musculoskeletal comorbidities of symptomatic generalized joint
hypermobility?” The question was in the prevention category.
There is currently insufficient evidence regarding preventive mea-
sures for people with generalized joint hypermobility. Although
there is some evidence to support a wide range of treatment
options for musculoskeletal symptoms including pain, feelings of
instability, and joint injuries in adults and children,’?%2% there
remains a lack of high-quality evidence that support high-value
and sustainable management and prevention of symptomatic

Danlos syndrome; HSD, hypermobility spectrum disorders; PICO,
population, intervention, control, and outcomes.

generalized joint hypermobility.*'® This view is supported by a
qualitative study reporting parents feeling conflicted about
whether physical activity should be promoted or avoided for the
musculoskeletal health of their child with syndromic-related gen-
eralized joint hypermobility.?* In addition, although emerging,
there is a dearth of research on the older person with joint
hypermobility-related musculoskeletal disease aside from
reported early onset of osteoarthritis.?>® Long-term prospective
longitudinal studies of individuals presenting with generalized joint
hypermobility before any symptomatology presenting are needed
to determine the optimal ways to prevent symptomatology and
musculoskeletal comorbidities.

The phrasing of the first ranked question encourages broad
exploration, addressing both preventive approaches and the
need to accurately define musculoskeletal comorbidities associ-
ated with generalized joint hypermobility. This question also
prompts consideration of the most appropriate disability and
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Table 4. Top 10 research questions by researchers after round 3
(n=21)"

Modified PICO
Rank Research question category
1 What are the clinical practice Service-impact and
guidelines for GJH, HSD, and utilization
hEDS across the lifespan?
2 Why do some individuals with GJH Etiology
develop pain and others do
not?
3 What factors predict transition Prognosis

from asymptomatic to
symptomatic GJH?

4 What is the best way to apply,
prescribe, and individualize
exercise interventions for
people with GJH to safely
improve their overall health?

5 What is the most effective
treatment for pain and fatigue
associated with GJH and EDS?

6 How can we prevent disability,
pain, and poor quality of life
associated with the
musculoskeletal comorbidities
of symptomatic GJH?

7 What core data sets are
appropriate for children with
hypermobility and HSD or
hEDS?

8 What is the most effective way to
strengthen muscles without
postexercise side effects in
people with GJH?

9 What are the red-flags that are
identifiable early in life to
predict pain onset, injury, or
dysfunction in people with GJH?

10 What early preventive strategies
can be employed to avoid
future impact of GJH such as
joint injuries, pain, or damage in
individuals with hEDS?

* EDS, Ehlers-Danlos syndrome; GJH, generalized joint hypermobil-
ity; hEDS, hypermobile Ehlers-Danlos syndrome; HSD, hypermobil-
ity spectrum disorders; PICO, population, intervention, control, and
outcomes.

Service-impact and
utilization

Treatment

Prevention

Service-impact and

utilization

Treatment

Diagnosis

Prevention

quality of life measurements in clinical practice and research.
These important factors relating to the question require definition
to also answer many of the other ranked questions focused on
treatment (questions 2 and 10), service-impact and utilization
(questions 3 and 4), or prognosis (question 6). Therefore, there is
an urgency in answering this top-ranked question because its
wide impact on satisfying all stakeholders.

Health care professionals primarily focused on questions relat-
ing to prognosis and diagnosis, whereas other groups had broader
priorities. This may reflect health care professional difficulties when
faced with uncertainty in clinical practice®” or the variability and
complexity in the presentation of symptoms among people seeking
care who have generalized joint hypermobility.2® A recent study of
health care providers’ awareness of the EDS indicated inadequate

education may cause diagnostic delay,>® whereas less disease
complications have been demonstrated to be associated with early
diagnosis.° A study of knowledge and confidence in the diagnosis
of EDS and an exploration of the impact of an education program
showed that baseline knowledge and confidence in this field is
low across the health care professional disciplines.®' This is impor-
tant to consider as the presentation and reasons for seeking care
related to generalized joint hypermobility may vary during the life-
span.2® There is also scarce research regarding prognosis in the
peer-reviewed literature, further reinforcing the need to determine
prognostic certainty as a research priority.2®

Our results demonstrated that researchers and consumers
indicated a similar priority to the question categories that focused
on prevention, treatment, prognosis, service-impact, and utiliza-
tion. We postulate one reason for this may be that there has been
an increase in qualitative research recently with researchers
engaging in-depth with consumers.”+3233

Only consumers ranked a question in the “meaning” cate-
gory as a priority. This was unsurprising given the impact that gen-
eralized joint hypermobility has on their lives?”-** and the difficulties
and challenges they face while seeking health care.®3° Multiple
studies to date acknowledge a perceived lack of understanding
and knowledge of the impact and appropriate management of
generalized joint hypermobility by health care professionals provid-
ing a barrier to patient experience of quality care.®®*” Further stud-
ies should be cognizant of this disparity when designing and
involving different stakeholders.

This study is limited by factors such as low ethnic diversity
from countries where English is not the primary language and
some attrition after each round of survey. Prioritization of
questions should be cautiously approached when applied to non-
English speaking countries. Although there was a decreasing partic-
ipation rate between rounds when the ranking occurred, this is often
observed in research designs when ranking of large volumes of infor-
mation is required.®® Despite this decrease, the study response rate
of >60% is comparable to other large Delphi surveys.®® Although
caregivers of individuals with hypermobility were eligible for inclusion
within the current study, participation was limited to adults over the
age of 18 years, which did not provide an independent voice for chil-
dren or adolescents to contribute to developing research priorities.
Finally, participants were not provided with any training materials on
writing research questions before participation in this Delphi study,
and there was not any opportunity for deliberation between stake-
holders. This required the research team to review and reformat
questions and provide explanatory terms for specialized medical ter-
minology to participants. However, our study inclusion strategy did
allow a large number of participants of all educational and cultural
backgrounds worldwide to participate within the subsequent rounds
of the Delphi.

In conclusion, this study has identified priority research ques-
tions from people with lived experience of generalized joint hyper-
mobility, health care providers, and researchers. Researchers and
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funding bodies should consider these questions and the different
expectations of stakeholders when prioritizing research deci-
sions. In our opinion, initial future studies should focus on the
three question categories of prevention, treatment and service-
impact, and utilization.
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“It's Just Good Science”: A Qualitative Study Exploring Equity,
Diversity, and Inclusion in Canadian Arthritis Research

Megan M. Thomas," Mark Harrison,? Cheryl Barnabe,® {/ Charlene E. Ronquillo,* ). Antonio Avina-Zubieta,’
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Objective. Despite knowledge that health outcomes vary according to patient characteristics, identity, and geogra-
phy, including underrepresented populations in arthritis research remains a challenge. We conducted interviews to
explore how researchers in arthritis have used equity, diversity, and inclusion (EDI) principles to inform their research.

Methods. Semistructured interviews were conducted with individuals who 1) have experience conducting arthritis
research studies, 2) reside in and/or conduct their research in Canada, and 3) speak English or French. Participants
were recruited using purposive and respondent-driven sampling. Interviews were conducted over video call and audio
recordings were transcribed. Template analysis was applied to interview transcripts to explore participant experiences
and perceptions of EDI in arthritis research.

Results. Participants (n = 22) identified that a lack of representation in arthritis research translates to the inability to
provide comprehensive care. Participants emphasized considering EDI early in all arthritis research to effectively affect
a study. Themes were categorized as benefits, barriers, and facilitators. The perceived benefits were the ability to
generate knowledge and reduce health disparities. Barriers included mistrust from historically exploited populations,
unintended consequences, lack of access to research opportunities, and logistical challenges. Facilitators included
building community partnerships, curating diverse research teams, incentivizing researchers and funder support, and
fostering humility in research environments.

Conclusion. Improving representation in research is needed to improve health outcomes for diverse groups of
people living with arthritis. Identified barriers to EDI in research must be addressed and partnerships and supports must

be facilitated to achieve more representation in arthritis research within Canada.

INTRODUCTION

Health outcomes for people with arthritis are influenced by
many elements, including biologic (e.g., genetics), social, and
environmental factors, referred to as the social determinants of
health (SDOH).! Disparities in SDOH also are associated with
exclusion and low participation from particular communities in
underrepresented patients in research. Specifically, within rheu-
matology, studies have overrepresentation of White, middle-
aged, female participants.?™ Although most studies will summa-
rize participant demographics and the inclusion of age and sex is
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standard, reporting of additional demographic factors is rare
and not standardized across studies, and there is typically no
stratification of effect across groups, making it challenging to
compare findings. The final, perhaps most pressing issue is
that current recruitment and reporting standards limit our ability
to apply evidence to practice for communities facing health
inequities.

In Canada, rural and remote, Indigenous, older adults with
frailty, first-generation immigrant and refugee, low-income and
vulnerably housed, and diverse gender and sex populations
experience inequities in arthritis care, such as diagnostic delays
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SIGNIFICANCE & INNOVATIONS

+ To our knowledge, this is the first study in Canada
aiming to understand researcher perspectives on
equity, diversity, and inclusion (EDI) in arthritis
research and propose mitigation strategies for
identified barriers.

+ Qualitative findings showed that, although the ben-
efits of using an EDI lens are evident to researchers,
barriers remain toward improving representation
in Canadian arthritis research, namely, a lack of
resources and perceptions from underrepresented
communities. Balancing intentionality with feasibil-
ity is crucial, and researchers may need to target
specific factors (e.g., race, sex, gender, socioeco-
nomic status, etc.) for which representation is
important for the research question.

« The need for inclusivity and diversity in research
has gone from recognition to action, and Canada is
positioned to be a leader in this. To this aim, our
findings suggest researchers may benefit from
comprehensive guidance, both from rheumatology
societies as well as funding agencies, on applying
EDI to their own work.

and suboptimal access to interventions, namely, medications and
surgery.® However, these populations continue to be underrepre-
sented in research. In the growing movement toward improving
consideration of equity, diversity, and inclusion (EDI) in research
to reduce health disparities, guidance from those who have
engaged participants from diverse communities is beneficial for
meeting EDI mandates while also looking to favorably affect out-
comes. To add to existing efforts, it is important to consider ways
to improve representation when conducting research that aims to
be generalizable to the population of those living with arthritis in
Canada. Therefore, our objective was to explore how arthritis
researchers in Canada have used EDI to inform their research.

MATERIALS AND METHODS

Study design. This qualitative study was conducted under
a pragmatic paradigm, a philosophy suggesting that knowledge
is based in experiences and that what is considered to be the
“truth” is what is most useful.®” The perspectives of researchers
in rheumatology (both MD and PhD research scientists) related
to EDIin research within Canada were solicited via semistructured
interviews, an approach that aligns with the pragmatic paradigm,
and we followed the consolidated criteria for reporting qualitative
research (Supplementary Table 1). This study received institu-
tional ethics approval (BREB# H21-03200).

Eligibility criteria and recruitment. Participants were
eligible if they 1) had experience conducting research studies (e.
g., clinical, observational, qualitative, health economics, etc.) in

arthritis; 2) resided in and/or conducted their research in Canaday;
and 3) spoke English or French. Participants were identified using
a purposive and respondent-driven (snowball) sampling
approach with aim of representation across genders, career
stage, and province of residence. We began recruitment by ask-
ing members of the research team for recommmendations and then
used snowball sampling to achieve our target sample. Recruit-
ment via email occurred between May and November 2023. All
study participants provided informed consent for participation.

Data collection. We conducted and recorded one-on-one
semistructured interviews lasting ~60 minutes via video call using
the Zoom platform. All interviews were conducted by MMT, a
woman of color and graduate student researcher (author posi-
tionality statements in Supplementary Table 2). Participants were
informed about the study goal and the interviewer’s role within
the project. The interview guide was developed by all members
of the research team to explore the role of EDI in inflammatory
arthritis research, with semistructured questions to allow for
investigating further topics (Supplementary Table 3). We con-
ducted two pilot interviews with members of the research team
to refine the interview guide. Pilot interview findings were incorpo-
rated in the final analysis; participants were aware their interviews
could be included as part of the study, and informed consent was
obtained for this purpose. We interviewed participants until data
saturation (new data repeat previous expressions in data) and
inductive thematic saturation (no identification of new codes or
themes) were achieved.® All data were handled by MMT and
MADV. The interviews were audio-recorded, transcribed verba-
tim, and coded for overall analysis. Raw transcripts were created
using Sonix, an online transcription service (https://sonix.ai), then
reviewed for accuracy by MMT.

Analysis. A codebook approach to thematic analysis was
used, specifically template analysis, which allows for deductive
and inductive coding and is aligned with the pragmatic para-
digm.® The data were analyzed by MADV, MH, and MMT using a
combination of deductive and inductive coding, organized with
NVivo software. Inductive coding began with identifying and col-
lating raw codes (preliminary themes using participants’ exact
words) derived directly from the data to develop a single coding
scheme.® Through classifying, constant comparison, and memo
writing, we transformed codes into subthemes (middle-order
themes to transform basic themes into similar concepts) and
eventually themes to capture global patterns in the data. A combi-
nation of latent and semantic coding was used to capture
surface-level meanings as well as underlying assumptions of what
was being expressed by participants. To ensure dependability of
the coding after the generation of initial themes, MADV, MH, and
MMT discussed the initial coding framework over several meet-
ings. Once satisfied with the coding framework, MMT coded all
transcripts using strategies to ensure trustworthiness, including
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reflexive journaling, and discussing themes with the research
team."" After analyses, a narrative summary of the main findings
was developed.

RESULTS

We interviewed 22 arthritis researchers (45.5% women and
54.5% men) in Canada. Demographic details of participants are
in Table 1. For each of the three themes, reflective quotations
highlighted benefits, barriers, and facilitators for prioritizing EDI in
rheumatology research. Additional supporting quotations can be
found in Table 2.

Theme 1: benefits of prioritizing EDI in
rheumatology research. All participants agreed that prioritiz-
ing EDI in rheumatology research is beneficial. From their senti-
ments, two subthemes were constructed.

Increasing knowledge to improve generalizability and quality
of care. Researchers highlighted that prioritizing EDI could provide
us with more information on how arthritis affects patients differ-
ently to provide better care.

Table 1. Demographic characteristics of participants

Demographic information n (%), n=22
Province of residence
Alberta 3(13.6)
British Columbia 10 (45.5)
Manitoba 1(4.5)
Nova Scotia 1(4.5)
Ontario 3(13.6)
Quebec 4(18.2)
Gender
Male 12 (54.5)
Female 10 (45.5)
Current employment
Clinician scientist 15 (68.2)
Researcher 7(31.8)
Career stage
Early (<5) 2(9.1)
Middle (5-15) 8 (36.4)
Late (>15Y) 12 (54.5)
Type of inflammatory arthritis studied 20(90.9)
(select all that apply)
Rheumatoid arthritis 2(9.1)
Juvenile idiopathic arthritis 209.1)
Ankylosing spondylitis 5(22.7)
Systemic lupus erythematosus 6(27.3)
Psoriatic arthritis 5(22.7)
Gout 3(13.6)
Other 6(2.73)
Type of research primarily conducted
(select all that apply)
Experimental studies/clinical trials 10 (45.5)
Observational studies 21 (95.5)
Qualitative research 5(22.7)
Health economics research 6(27.3)
Other 2(9.1)

“ think overall it’s probably very underappreciated
how important these factors are [...], in patients with
rheumatoid arthritis or psoriatic arthritis or ankylosing
spondylitis who are of a non-[White] background. It’s
very difficult for us to advise. Similarly for patients who
are pregnant, these people are actively excluded
from studies.” — Participant 20

Having more representation among study participants was
perceived to improve the opportunity to find answers on how
and why patient outcomes differ, as well as factors that limit
access to care for patients.

“[A benefit of including EDI in research is] getting
answers to why some people don’t do as well as
others. We have multiple examples, not only in
arthritis, that people that have poor access, people
with certain type of barriers to their health care don’t
do well and some of these are not very well under-
stood.”— Participant 10

Furthermore, by having more representative study samples,
participants felt that the generalizability and clinical impact of
research could be improved.

“If we don’t include [EDI], we can’t generalize our
findings because our findings are only generalizable
to the people who are included in the research.” —
Participant 17

Overall, participants agreed on the value of considering EDI
in arthritis research, highlighting that it goes beyond an “ethical
responsibility”” and improves our ability to provide better care, with
one participant stating that “it’s just good science.”

Reducing health disparities. Many participants spoke to the
ultimate goal of research being to reduce health disparities, i.e.,
unfair differences in health outcomes, and highlighted this as a
key benefit of considering EDI.

“l think really the goal of all of our research should be to
reduce health disparities. [...] the benefit of considering
[EDI] and including it in research is actually trying to
address those disparities and at least make sure that
we’re not making these things worse.” — Participant 1
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Table 2. Additional quotations supporting thematic analysis*

Global theme

Subtheme

Quotations

Benefits of prioritizing EDI
in rheumatology
research

Barriers to prioritizing EDI
in rheumatology
research

Facilitators to support EDI
prioritization in
rheumatology research

Increased knowledge to
improve generalizability
and quality of care

Reducing health disparities

Mistrust from historically
exploited populations

Lack of access to research
opportunities

Logistical challenges

Unintended consequences

Building community
partnerships

Curating diverse research
teams

Incentivizing researchers
and funder support

Fostering humility in
research environments

“I think if we can look at a disease through the lens of the interactions with racial
background or interactions with sex, we start to learn more about the disease
and how it functions. And I think that will lead to better outcomes and better
interventions for everybody if we have a better understanding of it.”—
Participant 20

“Because if you're going to create clinical insights and recommendations or
guidelines and those guidelines are only relevant to 50% of the population, then
there’s a whole subset that aren’t being included and that can lead to obviously
the exclusion is huge.”—Participant 2

“If we're only including the dominant group in our research, only doing research
that benefits the dominant group and only disseminate research to the
dominant group, it's one of the system-level inequities and discrimination in our
society because we're not actually doing research that benefits everybody in
society.”—Participant 14

“| have to approach every patient in my clinical care, assuming they've had prior
bad experiences. And | have some making up to do for experiences that the
patients have had with other health care providers until we build that
relationship of trust.”—Participant 14

“Yes, we want to be inclusive, but we also have to be respectful that different people
have different backgrounds, that for them, research may not necessarily have
the same meaning as it does to us.”—Participant 18

“I have to constantly remind a lot of people, my staff, my colleagues, that people
participating in research are doing us the favor, because it often doesn't feel that
way [...] You know, we're doing the interviews in French and English between 9
and 5 because that's what’s easiest for us.”—Participant 12

“So I think the other thing too, again as | mentioned, because we work in this
multiethnic area, many of these people of these different groups have lower
socioeconomic status. And to them, research is not meaningful. They have to get
on with their job [...] they don’t have this luxury of participating in research.”—
Participant 18

“It always comes back to more resources [...] And if you're you have limited
resources, you're going to take the, you know, more low-lying fruit.”—
Participant 18

“I totally can appreciate the concern that if we modify criteria or change
recruitment practices to try and include more vulnerable populations are we
actually then almost like exploiting those populations for the benefit of others, of
more privileged individuals?”—Participant 1

“I think especially in like clinical care settings or even in teams that aren’t used to
taking a health equity perspective, if you don't know how to collect and analyze
certain types of data, then you could do it wrong and end up having an
unanticipated consequence on the findings.”—Participant 2

“So, we needed to always have champions. So when we go into the Black
community, we would partner with leaders in the community and we would talk
to them about how to prepare our materials, how to hold informational
sessions. They would help us to understand what would be important to their
constituents, what kind of reassurances they would be looking for. And just, you
know how to create a partnership, a meaningful partnership.”—Participant 12

“If you have a team that’s diverse and it shows maybe more openness, it may be
easier to have people agree to participate in your in your work.”—Participant
10

“We're not going to see the degree of change that we want to see unless there’s a
sort of a mandatory aspect to some of these things.”—Participant 1

“[We need] better understanding from funders that we don't develop trust
overnight with communities. And that we need some time and some resources to
be able to do it.”—Participant 12

“But at the same time, | can also appreciate how some people would really be
hesitant and worried about making mistakes in this realm again, because of the
current climate of cancel culture that we that we live in. And | can see how [...]
| guess, just maybe not feeling like it's a safe space to make mistakes in”—
Participant 1

“If you get it wrong, then you have the chance to correct it. If you don't do it, then
we are going to be in the dark all this time.”—Participant 6

* EDI, equity, diversity, and inclusion.
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As well, participants expressed that, by using an EDI lens to
design research, there is an opportunity to have an impact on fac-
tors we are able to change as opposed to focusing on genetic fac-
tors alone, which is critical for chronic conditions such as arthritis.

Participants also spoke to the need for researchers and pro-
viders to consider how unconscious biases may be influencing
their own work and focus on rebuilding trust with their patients in
safe, trauma-informed environments.

“You could have a study design, addressing that
specifically and getting answers on some of these
things that are modifiable, right? You may not be able
to change your genes, but you might be able to
change your socioeconomic factors or write, report
or find some interventions, right?”— Participant 710

Theme 2: barriers to prioritizing EDI in
rheumatology research. From the experiences of researchers,
four barriers were identified as affecting current approaches to pri-
oritizing EDI in Canadian rheumatology research. These barriers
are described below and include: Mistrust from historically
exploited populations, Lack of access to research opportunities,
Logistical challenges, and Unintended consequences

Mistrust from historically exploited populations. Harmful ste-
reotypes, racism, and exclusion in health care and research set-
tings have led to mistrust about the intentions of researchers
and care providers within certain communities. Participants spe-
cifically highlighted the need to consider underrepresented popu-
lations when considering this barrier. This mistrust was also
perceived to lead to conflicting priorities between patient partici-
pants and researchers/providers because research may have
negative connotations for many communities.

“So, for instance, like the Black community, it’s been
documented that they distrust the medical community,
especially if the [...] clinical provider is not in their com-
munity. | think that creates a lot of mistrust and that
stems from historical kind of roots.” — Participant 2

Particularly when considering collecting information from partici-
pants, mistrust should be addressed by providing rationale for why
this information is required or important for researchers to know.

“I know in my culture there can be a little bit of distrust
when it comes to others trying to gather information
[...] It's like, ‘why do you want this information?””—
Participant 16

“One key way is to just challenge whenever | have
assumptions because usually that’s where your
unconscious biases creep out. So never assume that
a patient can’t afford a treatment [...] Don’t assume
that they don’t want drugs or are drug-averse
because they’re from a group that traditionally has
been labeled as not liking drugs.” — Participant 14

Lack of access to research opportunities. When speaking
about lack of access, participants noted this referred to not only
who has the opportunity to participate in research, specifically
considering participant burden, but also who hears about the
opportunity to participate in research.

“Yeah, well, we think we include everybody, but we
don’t acknowledge that for some certain part of the
population, it’s harder to be part of the study, to be
part of research.” — Participant 3

With respect to participant burden, researchers spoke to the
challenge of being able to appropriately compensate patients for
the time taken to participate in the study, as well as additional finan-
cial and nonfinancial costs (such as child care, transportation, taking
time off work to participate, living in rural or remote settings, etc.).

“If you think about a clinical trial, like a traditional
pharmaceutical company sponsored clinical trial, they
typically require a lot of monitoring, you have to go to
and you have to show up in-person for a visit every

2 to 4 weeks, and it’s quite intensive. So, if you live ina
remote place or you work in a job which doesn’t allow
you the ability to leave the job to go to these visits, you
might not get access to whatever medication is
offered in that trial, right?””— Participant 17

Logistical challenges. All participants spoke to logistical chal-
lenges for researchers to accommodate participant needs,



806

THOMAS ET AL

including sufficient funding, effort, time, and resources, as a key
barrier for their own ability to consider EDI in research. Actively
aiming toward having better representation in research was per-
ceived to be expensive, in both tangible and intangible ways.

“Doing well is expensive. You know, expensive not
just for money, but expensive in terms of time and
energy.”— Participant 8

Language was highlighted as a key logistical challenge pre-
venting many patients from participating in research, and partici-
pants spoke to how available translation resources are not
always comprehensive enough to address this.

“Speaking English is often a criterion for many
research studies. So, | think people [...] maybe
don’t feel welcomed or interested in participating.” —
Participant 7

Furthermore, careful consideration is needed for how
researchers are collecting and analyzing information, both in terms
of rigor and ethical ramifications. Data collection requires consider-
ing how researchers are able to balance potentially competing
objectives of recruiting more difficult-to-reach patient participants
(e.g., data ownership, data protection, etc.) with concerns about
achieving statistical power and being able to categorize and pres-
ent data. Related to this, participants spoke to how to collect data
appropriately if they perceive having a lack of expertise in EDI.

“How do you collect that data? So, you know, if you
don’t work with a sex and gender or an EDI special-
ist, what are the questions?”— Participant 18

There is also a need to consider what analyses are possible
when subgroups are small.

“If you don’t have enough representation in your
sample, then you can’t really do these analyses and
these subgroups because your samples are too
small.” —Participant 14

Unintended consequences. The final barrier participants
identified was a fear of unintended consequences that could

worsen health disparities. This stemmed from the issue of
“drive-by research,” wherein researchers conduct studies in
underserved communities, uncover problems, and fail to solve
them. Specifically, researchers spoke to not feeling knowledge-
able enough to work with underrepresented communities,
despite having the intention.

“l don’t feel I'm knowledgeable enough to be able to
conduct Indigenous research. So [...] some
researchers are just afraid that they do

something wrong [...] they don’t know the
culture.” — Participant 13

Several participants spoke to the need to consider the
nuance of having an absence of data on the recommmendations
made for clinical practice in certain populations, as this could lead
to incorrectly interpreting data.

“It would be great if we did have more evidence in
these populations, but we shouldn’t assume that
there’s going to be biologic differences in how the
drugs work unless we have evidence to support that.
[...] I mean, it’s almost like are you worsening ineg-
uities by making that assumption?” — Participant 4

However, other participants highlighted that the fear of unin-
tended consequences should not be used as a reason to not
consider EDI in research.

“I think that might be a convenient excuse. | mean, |
think if you approach it with a genuine spirit and you
want to learn and you’re open and you say, ‘Look.
Help me understand.””— Participant 12

The overarching concern was how to balance increasing diver-
sity in study samples while ensuring that one or a small number of
patients are not being used to represent all patients with similar patient
profiles (e.g., two patients of the same race and gender identity can
have different health outcomes, preferences, life experiences, etc.).

“l do think it’s important that we recognize that we
have diversity in our populations, but | actually also
think it’s a bit dangerous because people think the
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voice of one person is enough for the entire group
that they represent.” — Participant 17

Although generalizability was viewed as a benefit overall, partic-
ipants felt it was important to be intentional about who is being
recruited and transparent about the evidence gained from research.

Theme 3: facilitators to support EDI prioritization in
rheumatology research. To address existing barriers,
researchers highlighted four facilitators to be leveraged when pri-
oritizing EDI in Canadian rheumatology research.

Building community partnerships. The first facilitator identi-
fied by participants was the need to develop community partner-
ships, particularly having a “champion” or organization to help
build relationships and bridge the gap between researchers and
underrepresented communities. By focusing on building these rela-
tionships, it was perceived that researchers could establish trust
with more difficult-to-reach populations and address the aforemen-
tioned barrier of mistrust from historically exploited groups.

“What we learned was that our champions were so
much more powerful than anything that we could say
or do, right? We had to earn their trust.”—
Participant 12

Participants also acknowledged that building these partner-
ships will take time, which can be a challenge for researchers
but is a necessary step that could allow for more careful consider-
ation of the way research is conducted.

“There’s greater acknowledgment that things just
take time, and we need to put more effort into com-
munity building and being part of the community a bit
more, which is good because it forces researchers to
take more thoughtful approaches” — Participant 2

Curating diverse research teams. Participants identified that
using an EDI lens in research should be integrated throughout all
phases of studies (i.e., design, recruitment, data collection analysis,
and knowledge translation) but that it begins with considering who is
conducting the research. It was perceived that having more diverse
research teams could encourage better representation in studies.

In order to successfully build community partnerships, work-
ing with patients and/or advisory boards was perceived to be
critical.

“[...] abig part of it is actually to talk to the people that
we want to incorporate in that and understand how
we can support them to include them better.” —
Participant 3

“It starts with not even the data collection, but who
we're including in our research teams, right? So, do
we have diverse individuals who are on the staff for
informing the design of measures, design of the
study, design of the grants? Do we have diverse
patients or consumers who are involved in providing
insights into lived experience?” — Participant 2

Participants felt that having diverse perspectives on research
teams allows for better consideration of how to recruit patients
from different communities, as well as identifying potential barriers
to participation and solutions.

“So more diverse staff in our environment who can
just alert us to things that we might be doing inad-
vertently that would discourage others—may dis-
courage people from participating.” — Participant 12

Incentivizing researchers and funder support. Because many
of the logistical challenges identified were financially driven (i.e.,
requiring more time and resources to adequately address patient
needs to participate in research), participants tended to consider
financial support as critical for considering EDI in rheumatology
research in general, as well as in their own studies. Participants
spoke to the role of external decision-makers in improving consider-
ation of EDI in research, specifically the need for recognition from
funding organizations and regulatory agencies.

“If we can get funders to also appreciate that these
principles mean that we need to be funding at higher
levels, [and that] we need to be resourcing teams to
be able to do this and expecting teams to be able to
doit. It's one thing to expect research teams to
incorporate EDI principles. It’s another matter to
actually resource it and fund it.” — Participant 20

Furthermore, participants spoke to the need to
incentivize researchers to better consider EDI in their work,
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but that it may need to begin as a mandated approach to be
effective.

Fostering humility in research environments. Participants
spoke both directly and indirectly about the need to create safe
spaces in research environments, which would require a sense
of humility from researchers. Some participants highlighted how
the language around EDI could be distracting from the impor-
tance, as many researchers value the importance but tend to feel
challenges in trying keep up with changing terminology.

“The first place my head goes is like, ‘Oh my God, am
| addressing them by the right pronouns?’”—
Participant 16

However, the overarching consensus was the need to
acknowledge research limitations with a mindset of being trans-
parent and improving over time.

“I will still say, it's better to try and get it wrong and
then admit that you’re wrong and that you didn’t
have the right people [...] | think that’s the matter of
science, is that you try something, it doesn’t work.
Then we try it in a different way. We never advance
science by not looking into it.” — Participant 6

In order to combat the “current climate of cancel culture that we
live in” (Participant 1), participants emphasized needing to balance
between the importance of considering EDI and their ability to do
so, which could require additional educational opportunities and
training. Ultimately, the ability of researchers to be open and wiling

Identified barrier

Mistrust from historically

to leamn and to create safe spaces to conduct research were per-
ceived as key to being able to consider EDI in participants’ research.

Thematic synthesis. From the interview data, we con-
structed a figure (Figure 1) that highlights how the barriers
(Theme 2) participants identified corresponded to their suggested
facilitators (Theme 3). Horizontal arrows depict the direct connec-
tions between barriers and facilitators, whereas the dashed lines
indicate potential linkages between barriers and facilitators.
Barriers and facilitators that are connected to one another are
indicated by brackets. The barrier of mistrust from exploited com-
munities corresponds to the need to rebuild trust and create safer
research environments for patient participants, particularly from
underrepresented communities, and this often requires including
partners that communities can trust. The lack of access to
research opportunities for underrepresented patients could be
improved by having diverse research teams, which bring richer
perspectives on how different patient populations may respond
to the opportunity to participate in research (including recruitment
strategies, patient barriers to participation, understanding cultural
differences, etc.). Many of the logistical challenges mentioned by
participants could primarily be resolved by having more resources
to conduct research with EDI considerations, particularly around
appropriate compensation for patient participants, but also for
issues such as language barriers. Finally, the fear of unintended
consequences that could potentially increase health disparities is
linked to the need to foster humility in research environments
and create safe spaces where researchers in Canada can con-
sider EDI and be transparent about the limitations and be open
to learning from others with different expertise.

DISCUSSION

This qualitative study was conducted to explore how
researchers in rheumatology have applied EDI principles to inform

Suggested facilitator

exploited populations N

Lack of access to research

Building community partnerships

opportunities %

Curating diverse research teams =

Logistical challenges

Unintended consequences

Incentives and funder support

Fostering humility in research J

environments

Figure 1. Identified barriers and corresponding facilitators for mitigation.
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their research. Participants agreed that EDI is important to con-
sider, but there is a need to balance intentionality with feasibility.
Furthermore, to have the most impact, it is critical to consider
EDI early and at all stages of the research process, from study
team composition through to study design, recruitment, analysis,
and knowledge translation.

The challenges of including underrepresented populations in
research have been recognized in many different fields and
specialties.'>™'* Known barriers to participation for underrepre-
sented populations were aligned with our findings, such as lack
of awareness about research opportunities, mistrust, lack of
diversity among the research team leading to patients not feeling
represented, research not being conducted in the community,
and logistical issues.'* Existing strategies to address these bar-
riers were similar to suggestions from our study participants,
including tailoring recruitment approaches to different communi-
ties (e.g., media campaigns, recruiting in places of worship, etc.),
reducing/limiting indirect and direct costs to participation, trans-
parency and education to improve awareness, translating
research materials into multiple languages, and recruiting diverse
research team members.'?7'4

Although several important barriers and facilitators were dis-
cussed by participants in this study, some relevant concepts were
not explored in-depth. One barrier that was not explicitly dis-
cussed by participants in this study was the perception of funders
and peers toward individual researcher efforts to promote repre-
sentativeness in their work. This barrier has been recognized as
hindering EDI prioritization in other fields and speaks to a larger
issue for the research community to conducting research that will
be funded versus conducting research that can create meaningful
change.’® The need for funding organizations to have rigid
methods for proposed projects limits the ability to provide the flex-
ibility and adaptability necessary for EDI prioritization in research.
Addressing this barrier may involve increasing diversity in power
positions such as members of review panels for different funding
organizations.

Additionally, the role of other interested parties beyond the
patient and provider (i.e., caregivers, family members and friends,
peers, community advocates, religious and political leaders, etc.)
were not discussed, which may suggest a need to expand
researchers’ scope of who needs to be involved when consider-
ing how to recruit and retain patient participants in studies. Using
flexible, person-centered strategies may help mitigate barriers for
participation and are important for improving representation in
research teams, as well as in study participants.

Based on our findings and existing researc
prehensive guidance for researchers is needed for ways to feasi-
bly consider representation in their own work. It is important to
note that it is likely not possible to have representation across all
SDOH (e.g., sex, gender, age, race, socioeconomic status, etc.),
S0 researchers may need to target specific factors for which rep-
resentation is key for the research question. Intentionality is critical

h’12—14,16 com-

when using approaches to improving representation and should
involve providing a rationale to participants explaining why partic-
ular data need to be collected. For example, if researchers are
aiming to achieve a better range of racial and ethnic representa-
tion in their study, they should consider how to focus on these
factors through each stage of the study. This may require having
a more racially and ethnically diverse research team to provide
insights into study design, providing translation services for par-
ticipants who do not speak English, and targeted recruitment
strategies to reach specific communities, among other consider-
ations. These findings may lead to discussions with funding agen-
cies (e.g., Canadian Institutes of Health Research) to help develop
guidance for researchers in Canada. A possible output from
future research is the development of modules to support and
provide education on EDI in research to individuals wishing to
apply to federal funding sources. Future research should also
involve working with patients to better understand how to
address barriers to their participation in research.

A strength of this research is the contribution of patient part-
ners, rheumatologists, and researchers to the overall study
design and interpretation of results. Following guidance on the-
matic analysis, the researchers most immersed in the interview
content led the analysis, and code development was discussed
and verified with others.' However, there was overrepresenta-
tion of participants from British Columbia, which may limit the
applicability of findings to other provinces and/or territories with
limited representation. Additionally, people who agreed to partici-
pate in the study may have been better informed about or more
interested in discussing EDI than those who did not respond or
those who declined to participate (n = 4) and may have been more
likely to have experience considering EDI in their own research.
Finally, we may not have captured the range of arthritis research
in our recruitment, as we did not have basic scientists, transla-
tional researchers, or other related researchers as participants.

Altogether, our findings highlight the perceived value of EDI in
Canadian arthritis research to improve health disparities and our
ability to provide comprehensive, high-quality care for people liv-
ing with arthritis. Considering EDI should be a priority not because
of a societal responsibility to improve health disparities through
research, but because “it’s just good science.”
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Risk of mortality after hip fractures in rheumatoid
arthritis: comment on the article by Jones et al

To the Editor:

We read with great interest the article by Jones et al® investi-
gating the incidence and mortality risk associated with hip frac-
tures in patients with rheumatoid arthritis (RA). This study
provides important insights into the epidemiology of RA-related
fractures and highlights how advancements in RA management
may have contributed to improved outcomes. However, as a
health care professional who also lives with RA, | feel compelled
to expand upon key findings and their implications for both clinical
practice and health policy.

Jones et al reported that patients with RA had a 28% higher
risk of hip fractures than age- and sex-matched controls, yet their
postfracture mortality risk was comparable to the general popula-
tion. These findings underscore the effectiveness of modern RA
therapies in mitigating inflammation and managing osteoporosis.
For instance, Pawar et al® demonstrated that biologic and
targeted synthetic disease-modifying antirheumatic drugs do not
significantly differ in the risk of nonvertebral fractures, providing
reassurance to physicians regarding their safety profiles.
However, the persistent fracture risk identified in the cohort of
Jones et al, despite these therapeutic advances, underscores
the necessity of addressing factors such as falls and comprehen-
sive osteoporosis management.

A key aspect that deserves further exploration is the role of fall
prevention in RA populations. As Brenton-Rule et al® noted, up to
50% of patients with RA experience falls within a year, significantly
heightening their fracture risk. Multifaceted interventions, including
home modifications and balance training, could complement phar-
macologic strategies to reduce the overall fracture burden.

Although Jones et al observed no excess mortality risk post—
hip fracture in patients with RA compared with controls, this find-
ing diverges from data in Asian populations, where Lin et al* and
Kwon et al® found higher mortality rates in RA cohorts following
hip fractures. Such discrepancies might reflect geographic, eth-
nic, or health care system variations, as previously suggested by
Kanis et al. These findings warrant further multinational studies
to elucidate contextual differences and inform tailored
interventions.

Finally, the study by Jones et al highlights the critical impor-
tance of addressing osteoporosis-related bone loss in patients

AMERICAN COLLEGE
o RHEUMATOLOGY

B ing Rh logy Professionals

with RA receiving glucocorticoids. Saag et al” demonstrated that
discontinuing denosumab in this population leads to a rebound
in bone turnover and a return to baseline bone mineral density,
emphasizing the need for consistent and long-term osteoporosis
management strategies.

In conclusion, Jones et al have provided robust evidence of
the persistent fracture risk in RA populations and the necessity
for integrated management approaches. Future studies should
aim to incorporate fall prevention strategies, explore regional dis-
parities in outcomes, and assess the long-term effectiveness of
novel therapeutics in mitigating fracture risk. These efforts will help
reduce the substantial burden of fragility fractures in RA and
improve patient quality of life.

As Taiwanese is my native language, | used Microsoft Copilot from
Office 365 for language editing and proofreading to help minimize linguistic

errors. | reviewed and approved the final content, taking full responsibility
for its publication.

Author disclosures are available at https.//onlinelibrary.wiley.com/doi/
10.1002/acr.25484.
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