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What Are the On-Ramps to Predict Psoriatic Arthritis? Does
Monitoring C-Reactive Protein Levels Help?

Zheni Stavre' () and Michael H. Weisman?

Psoriatic arthritis (PsA) is a chronic, immune-mediated
disease with diverse clinical phenotypes affecting up to 1% of the
population and up to 30% of patients with psoriasis (PsO)." PsA
is associated with various comorbidities requiring recognition and
monitoring by health care providers to improve outcomes and
management.? Although effective treatments are available once
PsA is diagnosed, there remains a lack of readily detectable bio-
markers during the preclinical phase of the disease.

The preclinical phase of PsA is an entity that is extensively
under investigation. Unlike rheumatoid arthritis, in which bio-
markers in the form of cyclic citrullinated peptide
antibody and rheumatoid factor are easily detectable in
patient’s blood up to 10 years before clinical diagnosis, PsA
has no easily detectable methods to aid in prediction of dis-
ease development. This is despite an obvious heralding sign
present in most patients with PsA, that of skin involvement in
the form of PsO. Major efforts toward biomarker discovery to
predict development of PsA have included microbiome analy-
sis, metabolomic analysis, and gene analysis of whole blood
and synovial fluid.®™® Efforts are also underway to identify a dig-
ital imaging biomarker for the detection of early PsA.”® How-
ever, to date, no practical useful or accurate blood, synovium,
or digital biomarkers exist to aid clinicians in early diagnosis of
PsA. One serum biomarker, CXCL10, has been shown in a lon-
gitudinal study to be a predictive biomarker of PsA develop-
ment, but it is not currently in clinical use because of high cost
and practical technical considerations.®

The prospective cohort study by Eder et al'~ aimed to assess
the utility of a widely used and available blood test, that of high-
sensitivity C-reactive protein (hsCRP), in predicting development
of PsA in patients with PsO. This study analyzed data collected
from 589 patients with PsO who were observed prospectively
from 2006 to 2019. Approximately 10% (n = 57) of these patients
developed PsA during this period. hsCRP was measured only
once at study enrollment in all patients; patients were then

|1O

'Zheni Stavre, MD: University of Massachusetts Chan Medical School,
Worcester; 2Michael H. Weisman, MD: Stanford University School of Medi-
cine, Palo Alto, California.

Author disclosures are available at https://onlinelibrary.wiley.com/doi/10.
1002/acr.25578.

evaluated yearly by rheumatologists for development of PsA.
The nested case-control study found significantly higher levels of
baseline hsCRP in patients with arthralgias (mean hsCRP level
4.20 mg/L), patients with obesity (body mass index [BMI] >30,
mean hsCRP level 4.75 mg/L), and female patients (mean hsCRP
level 3.92 mg/L). Higher levels of hsCRP were predictive of future
development of PsA in a multivariate analysis (hazard ratio 1.04,
95% confidence interval 1.01-1.07, P = 0.007). The authors con-
cluded that higher levels of systemic inflammation, as measured
through hsCRP, are associated with future development of
PsA.™0

These findings may appear intuitive or even minimally rele-
vant considering the wide interpretation of an elevated value for
CRP or the fact that no specific cutoff for hsCRP was found or
proposed. However, we would like to argue that this study was
a necessary and birilliant effort using information collected pro-
spectively from an extremely well-characterized cohort using a
simple blood test that is cheap and readily available. It is important
to realize the difference between the more widely and clinically
used CRP when assessing patients with PsA, as compared to
hsCRP, to understand the significance that this study brings
to the field. CRP is a marker of acute inflammation that rises and
falls upon resolution of inflammation as well as a potential marker
of chronic inflammation in rheumatic diseases. Nevertheless, in
psoriatic disease, measurement of CRP alone does not always
correlate with presence of disease or disease activity, as many
patients with PsA will have a normal CRP value at diagnosis.'
hsCRP is a more sensitive measurement of CRP, capable of
detecting small changes at lower values and is currently primarily
used by cardiologists to assess cardiovascular risk, with value
cutoffs of <1 mg/L denoting low cardiovascular risk, 1 to 3 mg/L
denoting average cardiovascular risk, and >3 mg/L denoting high
cardiovascular risk."? For the practicing rheumatologist clinician,
hsCRP occasionally finds its way into the medical records of
patients with PsA after the wrong button under Epic orders is

Address correspondence via email to Zheni Stavre, MD, at zheni.
stavre@umassmed.edu.
Submitted for publication May 18, 2025; accepted May 23, 2025.
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clicked, but hsCRP is not routinely used or examined in the con-
text of PsA. However, hsCRP does exactly what it promises; it
detects with high sensitivity minor changes in chronic low-grade
inflanlnmation, such as those that can occur in patients with PsO
developing PsA. It is known that patients with PsO have eleva-
tions in hsCRP levels compared to controls, but to date no other
prospective longitudinal study has looked at rising hsCRP levels
as predictive of PsA development.'®

Situations known to cause prolonged elevations in CRP
levels are also those that are associated with the development of
cardiovascular disease, including elevated BMI, cigarette smok-
ing, metabolic syndrome, diabetes mellitus, elevated triglyceride
levels, and others.? It is possible, but clearly not known as of
yet, that many of the lifestyle modifications, drugs, and nutrient
supplementations that are widely disseminated in the public
domain to influence the development of cardiac disease are also
candidates for primary prevention of PsA. In light of this study,
hsCRP becomes an obvious marker of low-grade systemic
inflarsnmation that can occur in patients with PsO as they progress
to PsA; it could become a practical research tool to implement in
carefully designed future studies for primary prevention of PsA
in candidates with PsO.

In this issue of Arthritis Care & Research, the study by Eder
et al,'® despite hsCRP’s apparent utility in predicting PsA from
PsO, has its limitations. The first one is that the number of patients
with PsA is too small to determine a cutoff value for PsA develop-
ment. Measuring hsCRP over time, perhaps yearly or every six
months in patients with PsO, and looking at its trajectory over time
may turn out to be the way to go when it comes to early PsA diag-
nosis. Further, in this study, only 6% of the 568 patients were
receiving biologic therapy at the time of hsCRP measurement,
and of those who developed PsA, only 8.8% were taking a bio-
logic. Is this reflective of the population of new patients with PsA
that we see today? One could argue that the use of biologic ther-
apy by dermatologists might mean that many patients with PsA
would present to a rheumatologist after biologic therapy has failed.
The absence of biologic management in this cohort leaves open
the influence of this treatment tool to precisely identify the candi-
dates for disease prevention. At the end of the day, the data from
this study only give us a group perspective; how to use hsCRP in
current decision-making for our clinic patients is still not there. In
the future, it would be nice to see if hsCRP measurement that
included a larger population of patients with PsO receiving biologic
therapy would continue to be predictive of PsA development.

Lastly, food for thought: it is possible that with the boom in
digital technology, machine learning, and data accessibility,
hsCRP, if not on its own, will, along with one or a few other
easy-to-collect markers, both common blood markers (neutrophil
to lymphocyte ratio) and digital markers in the form of wearables
or questionnaires (screening questionnaires for PsA and patient-
reported outcome measures or other predictive tools such as
the Psoriatic Arthritis Risk Estimation Tool,'* to name a few),

may turn out to be a key measure in predicting development of
PsA in those with PsO. The field is moving very fast, and the
current piece of data described in the article by Eder et al is an
important component. For example, colleagues from the Univer-
sity of Rochester employing a humanized mouse model trans-
genic strain to examine PsO and PsA endotypes found that
injection of both peripheral blood mononuclear cells and serum
samples from patients with PsO and PsA was critical for the reca-
pitulation of human skin and joint phenotypes.'® Because serum
factors were required for the experiments to succeed, the door
remains open as to which and what kind of serum factors were
necessary for the development of the PsA endotype. Much further
work is needed to tie all of this together.

We would argue it is not quite time to start checking hsCRP
in all patients with PsO for direct clinical care decision-making
outside of the research experience. We could easily envision
incorporating this value with screening questionnaires to identify
those at high risk of PsA in carefully conducted observational
studies in cohorts in addition to those of the Toronto experience.
Dr Eder and colleagues have informed us as to the added value
that measurement of hsCRP would bring to future research
and to psoriatic disease diagnosis and treatment.
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BRIEF REPORT

Association of Higher Levels of High-Sensitivity C-Reactive
Protein With Future Development of Psoriatic Arthritis
in Psoriasis: A Prospective Cohort Study

Lihi Eder,' ¢ Xianwei Li,” Vinod Chandran,® Cheryl F. Rosen,* Richard J. Cook,” and Dafna D. Gladman®

Objective. We aimed to assess whether high-sensitivity C-reactive protein (hsCRP) levels could predict the devel-
opment of psoriatic arthritis (PsA) in patients with psoriasis.

Methods. We analyzed data from a prospective cohort of patients with psoriasis without PsA at enroliment. Partic-
ipants were assessed annually by a rheumatologist for signs and symptoms of PsA. Information on patient demo-
graphics, psoriasis features, medications and musculoskeletal symptoms was collected. hsCRP levels were
measured in serum samples collected at baseline using standard commercial assays. The association between hsCRP
levels and risk of development of PsA was assessed using multivariable Cox proportional hazards model adjusted for
age, sex, psoriasis severity and duration, nail lesions, body mass index (BMI), fatigue, and medication use.

Results. A total of 589 patients with psoriasis observed from 2006 to 2019 were analyzed. During the follow up
period, 57 patients developed PsA. The mean level of hsCRP was 3.1 + 5.5 mg/L (hsCRP levels in patients with incident
PsA, 5.4 + 13.1 mg/L). Significantly higher levels of hsCRP at baseline were found in patients with arthralgia, obesity,
and in women. Higher hsCRP levels were associated with future development of PsA in multivariable analyses (hazard
ratio 1.04; 95% confidence interval 1.01-1.07; P = 0.007). Similar effect size was seen in men and women. No signifi-
cant interaction was found between hsCRP and sex or BMI.

Conclusion. Higher levels of systemic inflammation, as measured by hsCRP levels, are associated with future

development of PsA.
INTRODUCTION

Approximately 2%-3% of patients with psoriasis develop pso-
riatic arthritis (PsA) each year.! However, despite advancement in
understanding the preclinical phases of PsA and the development
of a novel risk prediction score,?® there remains a significant gap
in the availability of simple and affordable biomarkers for predicting
PsA development among patients with psoriasis. High-sensitivity
C-reactive protein (hsCRP) is widely used in the clinical setting to
assess systemic inflammation, particularly in evaluating cardiovas-
cular risk. However, its potential to predict the progression to PsA
in individuals with psoriasis remains unclear.

Research from various cohorts of patients with psoriasis
suggests that systemic and local subclinical inflammation is pres-
entin many individuals long before they progress to PsA.* Several
risk factors for PsA, such as obesity and extensive psoriasis, are
indicative of systemic or local inflammation and immune system
activation.”® The presence of nail lesions, another risk factor
for PsA, has been linked with musculoskeletal inflammation at
the entheses because of their anatomic proximity.” Nonspecific

1288

musculoskeletal symptoms such as arthralgia, which predict pro-
gression to PsA, may reflect subclinical musculoskeletal inflam-
mation that has not yet manifested as distinct physical
examination findings.? Additional evidence from imaging studies
reveals frequent subclinical inflammation at the entheses and
joints in patients with psoriasis without PsA.®'° Given this grow-
ing body of evidence supporting the presence of systemic inflam-
mation in preclinical PsA, a simple, affordable and accessible
blood biomarker like hsCRP, could significantly enhance the iden-
tification of individuals at high risk for progression to PsA. We
aimed to investigate the association between hsCRP levels and
the risk of developing PsA in a prospective cohort of patients with
psoriasis.

PATIENTS AND METHODS

Setting. This study was nested in the ongoing University of
Toronto Psoriasis Cohort, which began in 2006 as a prospective
longitudinal cohort study aimed at identifying risk factors for the
development of PsA. All patients enrolled in the cohort have a
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SIGNIFICANCE & INNOVATIONS

+ Despite advancement in understanding the preclin-
ical phases of psoriatic arthritis (PsA), simple and
affordable biomarkers for predicting PsA develop-
ment among patients with psoriasis are lacking.

« Our study demonstrated that elevated levels of
high-sensitivity C-reactive protein (hsCRP), a widely
used biomarker of systemic inflammation, are asso-
ciated with future risk of PsA development in
patients with psoriasis, independent of other
known PsA risk factors.

« The study findings underscore the potential of
hsCRP as a valuable biomarker for identifying
patients at high risk of developing PsA in both der-
matology and rheumatology settings.

« Early identification of at-risk populations could facil-
itate timely interventions that may prevent the pro-
gression to PsA.

dermatologist-confirmed diagnosis of psoriasis and undergo
a pre-enrollment assessment by a rheumatologist to exclude any
history or presence of inflammatory arthritis. The cohort has been
described in detail in previous publications.” For this study, we
used data collected from January 2006 to December 2019.
Patients who lacked follow up study visits or did not have a serum
sample in our biobank were excluded from the study. The study
received approval from the University Health Network Research
Ethics Board, and all participants provided informed consent.

Data collection. All study participants underwent an
annual assessment by a rheumatologist, who evaluated whether
patients had developed PsA since the previous visit and collected
information on potential risk factors. Data collection followed stan-
dard protocols, capturing information on lifestyle habits, family
medical history, musculoskeletal symptoms, comorbidities, med-
ications, and findings from skin and nail examination.

Measurement of hsCRP. Blood samples were collected at
each annual visit, and serum samples are stored in our biobank.
The first available serum sample was identified, and hsCRP levels
were measured in our hospital laboratory using standard commer-
cial kits. For each patient, hsCRP levels were measured only once.
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Case definition. At each visit, a comprehensive assess-
ment of PsA symptoms and signs was performed by a rheuma-
tologist expert in PsA. The diagnosis of PsA was based on
clinical findings with imaging modalities ordered only when
clinically necessary to investigate abnormalities suggestive of
PsA. The diagnosis of PsA was determined by at least two
rheumatologists after reviewing all available clinical, laboratory,
and imaging data.

To address loss to follow up, we reached out to patients who
missed two or more consecutive annual visits to determine if they
were alive and whether they have consulted a physician for mus-
culoskeletal symptoms. We also reviewed all relevant medical
records from rheumatologists and other specialists (available in
the patient electronic medical records) to ascertain if a new diag-
nosis of PsA had been made.

Statistical analysis. The empirical distribution of each
continuous variable was described by its mean and SD and by
frequencies and percentages for categorical variables. For
descriptive purposes, differences in baseline hsCRP levels across
predefined patient groups were analyzed using the t-test. The
number of person-years at risk of developing PsA was calculated
as the time between the date of enrolliment in the cohort and the
date of the last visit or the date of PsA diagnosis, whichever came
first. The association between baseline levels of hsCRP levels and
the risk of developing PsA was assessed using multivariable Cox
proportional hazards models adjusted for age, sex, psoriasis
duration, psoriasis area and severity index score, nail lesions,
body mass index (BMI), functional assessment of chronic illness
fatigue score, treatment with biologics, and treatment with sys-
temic nonbiologics or phototherapy; the duration of psoriasis dis-
ease at the time the hsCRP level was assessed was treated as a
left-truncation time. We adjusted for these variables because of
their established link with PsA risk, with most included in the Pso-
riatic Arthritis Risk Estimation Tool (PRESTO) tool.? Subgroup
analyses were also performed by sex to determine whether
the effect size differed between men and women; this was
assessed by testing the interaction term involving hsCRP and
sex with a similar interaction assessed for BMI. P > 0.05 was
considered statistically significant. Missing data were dealt
with using multiple imputations (via PROC Ml and PROC MIA-
NALYZE in SAS) based on predictive mean matching using
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the full conditional specification; five complete datasets were
generated by imputation.

RESULTS

A total of 702 patients with psoriasis without clinical evidence
of PsA were enrolled in the Toronto Psoriasis Cohort and
observed from January 1, 2006, to December 31, 2019. Of these,
67 patients were excluded from the analysis due to having only a
single visit and contributing no follow up data. An additional
46 patients were excluded due to lack of serum samples. Ulti-
mately, 589 patients were included in the analysis, with
57 patients developing PsA during the follow up period
(Supplementary Figure 1). The mean duration of follow up was
7.5 years, yielding a crude PsA incidence rate of 1.2 patients per
100 patient years. The mean age of study participants was 47.3 +
13.5 years (43.1% women, Table 1), and mean duration of psoria-
sis was 16.2 + 14.4 years. The mean hsCRP level was 3.1 £ 5.5
mg/L, with those who developed PsA showing higher baseline
hsCRP levels (5.4 + 13.1 mg/L). hsCRP distribution by diagnosis
can be found in Supplementary Figure 2.

Baseline hsCRP levels were significantly higher in patients
with arthralgia (4.2 + 8.53 mg/L vs 2.71 + 3.67 mg/L), those with
obesity (4.75 + 4.95 mg/L vs 2.45 + 5.61 mg/L), and in women
(392+7.13 mg/L vs 2.51+3.68 mg/l) (Supplementary
Table 1). No significant differences in hsCRP levels were observed
across the remaining groups.

Table 1. Baseline patient characteristics*

Univariate regression analysis revealed that higher hsCRP
levels were significantly associated with future development of
PsA, with a 3% increase in PsA risk for each 1 mg/L increase in
hsCRP (hazard ratio [HR] 1.03; 95% confidence interval
[Cl] 1.01-1.05; P = 0.002; Table 2). This association remained
significant in the multivariable regression analysis, with a 4%
increase in PsA risk for each 1 mg/L increase in hsCRP
(HR 1.04; 95% CI 1.01-1.07; P = 0.007). The effect size was con-
sistent across men and women (Figure 1). No significant interac-
tion was found between hsCRP and sex or BMI (data not shown).

DISCUSSION

Our study showed that a higher level of hsCRP, a biomarker
of systemic inflammation, is independently associated with
increased risk of the development of PsA among patients
with psoriasis regardless of other known risk factors. This finding
underscores the potential of hsCRP as a valuable biomarker for
identifying patients at high risk of developing PsA in both derma-
tology and rheumatology settings.

Although rheumatologists often use CRP levels to assess
disease activity, measuring hsCRP offers a more sensitive
assessment of the protein level at the lower end of the spectrum.
This distinction may be important because CRP levels tend to be
lower in patients with PsA compared with other inflammatory
rheumatic conditions, such as rheumatoid arthritis and polymyal-
gia rheumatica, which are more influenced by interleukin-6—driven
inflammatory pathways. Notably, CRP levels are elevated in only

Variable All, n (%) Developed PsA° n (%) No PsA° n (%)
Age, mean = SD, y 473 +135 486+ 12.2 472 +13.7
Sex, female 254 (43.1) 23 (40.4) 231 (43.4)
Race and ethnicity
White 449 (76.2) 48 (84.2) 401 (75.4)
South Asian 41 (7) 2(3.5) 39(7.3)
Chinese 28 (4.8) 3(5.3) 25(4.7)
Filipino 16(2.7) 0 16 (3)
Middle Eastern 13(2.2) 1(1.8) 12(2.3)
East Asian/Japanese 11(1.9) 0 11 (2.1)
Black 10(1.7) 1(1.8) 9(1.8)
Other 21(3.6) 2 (3.5) 19 (3.6)
Duration of psoriasis, mean + SD, y 16.2+144 20.2+£154 15.7£14.2
hsCRP, mean + SD, mg/L 3.1£55 54 +13.1 29+38
PASI, mean + SD 52+58 52+48 52 %59
Nail lesions, yes 272 (46.2) 31 (54.4) 241 (45.3)
BMI, mean + SD 279+59 28+54 279+59
Patient pain score (0-10), mean + SD 15+£22 1.7+22 15+22
FACIT fatigue score, mean + SD 447 + 7.1 421+8 45+ 7
Current biologic therapy, yes 35(5.9) 5(8.8) 30(5.6)
Current nonbiologic systemic therapy 396 (67.2) 33(57.9) 363 (68.2)

for psoriasis or UV therapy, yes

* N = 589 for total participants. BMI, body mass index; FACIT, functional assessment of chronic illness; hsCRP, high-

sensitivity C-reactive protein; PASI, psoriasis area and severity index; PsA, psoriatic arthritis; UV, ultraviolet.

an=57.
bn=532.
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Table 2. The association between hsCRP levels and the development of PsA using Cox proportional hazards

models*

Univariate model

Multivariate model

Variable HR (95% ClI) P value HR (95% ClI) P value
hsCRP level, mg/L 1.03 (1.01-1.05) 0.002 1.04 (1.01-1.06) 0.008
Age,y 1.01 (0.99-1.03) 0.48 1.00 (0.97-1.02) 0.76
Sex, female 1.12(0.66-1.91) 0.66 1.23(0.70-2.16) 0.46
Psoriasis duration, y 1.02 (1.01-1.03) 0.04 1.02 (1.00-1.04) 0.02
PASI 0.99 (0.95-1.04) 0.79 1.00 (0.95-1.05) 0.93
Nail lesions (yes) 1.30(0.77-2.20) 0.32 1.33(0.76-2.32) 0.32
BMI 1.00 (0.96-1.04) 0.95 0.98 (0.93-1.03) 0.37
Patient pain (0-10) 1.05(0.94-1.19) 0.35 0.98 (0.86-1.12) 0.78
FACIT fatigue 0.95(0.92, 0.99) 0.01 0.95(0.91-0.99) 0.01
Biologic therapy 1.98 (0.79-4.97) 0.14 1.72 (0.66-4.43) 0.27
Nonbiologic systemic therapy or phototherapy 0.50 (0.29-0.85) 0.01 0.44 (0.25-0.78) 0.005

* Bold values indicate statistical significance. N = 589 for total participants, n = 57 for events. BMI, body mass index;
Cl, confidence interval; FACIT, functional assessment of chronic iliness; HR, hazard ratio; hsCRP, high-sensitivity
C-reactive protein; PASI, psoriasis area and severity index; PsA, psoriatic arthritis.

50% of the patients with PsA, despite clinical evidence of active
disease."” This reflects the variability in the biologic mechanisms
underlying PsA. Despite these limitations, CRP provides valuable
prognostic information regarding the risk of progression of joint
damage, response to therapy and development of comorbidities,
such as cardiovascular events.'2'®

To our knowledge, this is the first publication that
demonstrated an association between hsCRP levels and risk of
PsA conversion. Because of the scarcity of prospectively
observed psoriasis cohorts that collect biosamples, few studies

to date have evaluated other biomarkers as predictors of PsA
conversion.'* C-X-C motif chemokine ligand 10 is the only protein
biomarker that was found to predict the conversion to PsA in a
longitudinal cohort study.'® Other biomarker studies that
assessed biomarkers for psoriasis progression were Cross-
sectional, thus the identified biomarkers may merely reflect dis-
ease activity rather than serve as indicators for future develop-
ment of PsA.' Our study adds hsCRP as a potential useful
predictive marker, with the advantage of accessibility, standardi-
zation, and low cost.

Unadjusted - Al —— 1.02 (1.01, 1.05)
Unadjusted - Female - —a— 1.03 (1.01, 1.05)
Unadjusted - Males— I & i 1.05 (0.98, 1.12)
Adjusted - Al . 1.04 (1.01, 1.07)
Adjusted - Females= o — | 1.04 (1.01, 1.07)
Adjusted - Males I © { 1.04 (0.98, 1.12)
T T T T 1 . 1
0.95 1.00 1.05 110 1.15

Hazard Ratio (95% Confidence Interval)

Figure 1.

The association between hsCRP and the development of PsA by Cox proportional hazard models. The figure shows hazard ratios and

their corresponding 95% confidence intervals of each model including univariate and multivariable models and sex-specific models. Each model
was adjusted for age, sex, psoriasis duration, PASI, nail lesions, BMI, pain, FACIT fatigue, treatment with biologics, and treatment with nonbiologic
systemic therapy or phototherapy. BMI, body mass index; FACIT, functional assessment of chronic illness; hsCRP, high-sensitivity C-reactive pro-

tein; PASI, psoriasis area and severity index; PsA, psoriatic arthritis.
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However, it is important to note that our study provides only
preliminary information on the predictive value of hsCRP levels.
Because of the small number of patients developing PsA and
the study design, we could not evaluate important predictive met-
rics, such as discriminative ability (eg, area under the receiver
operating characteristic curve), or determine a useful cut-off for
hsCRP levels. In addition, we could only evaluate hsCRP at a sin-
gle time point—a Cox model involving time-dependent covariates
of hsCRP levels over time would be preferred. It is possible that
hsCRP levels change as a function of time before the onset of
PsA, which would affect its prognostic value. It is unlikely that a
single biomarker such as hsCRP will offer sufficient predictive
capacity on its own. Adding hsCRP to a clinical prediction tool
for PsA like PRESTO? may improve its performance. Unfortu-
nately, because of the limited number of converters with available
serum samples within the PRESTO prediction window, we could
not explore this question. Nevertheless, our study demonstrates
that hsCRP levels predict conversion to PsA independently of
established risk factors, including those encompassed in the
PRESTO tool.

In summary, elevated hsCRP levels are associated with an
increased risk of progression to PsA in patients with psoriasis.
This finding underscores the presence of subclinical inflammation
before the development of objective PsA signs and highlights the
potential of hsCRP as a biomarker for identifying at-risk popula-
tions. This could facilitate early interventions that may prevent a
patient’s progression to PsA.
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Race, Ethnicity, and Geographic Diversity in Pivotal Psoriatic
Arthritis Clinical Trials: Further Progress Needed

Mathieu Choufani,’ / Joerg Ermann,” (> and Niti Goel®

Objective. We assessed race, ethnicity, and geographic diversity in pivotal trials of biologic and targeted synthetic
disease-modifying antirheumatic drugs approved for psoriatic arthritis (PsA) in the United States.

Methods. We conducted a descriptive epidemiologic study, examining the reporting and representation of race,
ethnicity, and geographic distribution of trial sites in pivotal PsA trials using data from journal publications, the
Drugs@FDA database, and ClinicalTrials.gov.

Results. We identified 29 pivotal PsA trials for 16 targeted therapies with start dates between 2000 and 2019. Race
data were reported in 93% of trials. Race reporting was highest in journal publications (86%); however, among these,
46% reported only the proportion of White participants. Ethnicity data were available for 41% of trials, primarily from
ClinicalTrials.gov, with improved reporting in recent years. Among 14,165 participants in 27 trials with race data,
92% were White, 7% were Asian, and fewer than 1% were Black, American Indian/Alaska Native, or Native Hawai-
ian/Pacific Islander. Among 8,105 participants in 12 trials with ethnicity data, 11% were Hispanic or Latino individuals.
Location data were available for 26 trials. In the United States, trial activity was highest in Texas (24 trials), Florida and
Pennsylvania (22 each), and California (20), strongly correlating with state population size (r = 0.78, P < 0.0001).
Globally, trial sites were identified in 55 countries, primarily in North America and Europe, with fewer sites in Asia,
Africa, and Latin America.

Conclusion. Racial and ethnic diversity in pivotal PsA trials remains limited. Tailored and multifaceted strategies

are needed to improve participant representativeness in future trials.

INTRODUCTION

Randomized controlled trials (RCTs) are the cornerstone of
evidence-based medicine, providing critical data on the efficacy
and safety of new treatments.’? Participant diversity in RCTs is
crucial to ensure the generalizability of findings and understand
potentially varied responses in patient subsets defined by age,
sex, race, or ethnicity.® However, RCTs often fail to include
diverse populations.*

Psoriatic disease, including psoriatic arthritis (PsA), is a signif-
icant worldwide health concern affecting individuals across all
racial and ethnic groups.® In the United States, a recent claims-
based study reported PsA prevalence rates ranging from 0.13%
10 0.19% in Asian individuals, 0.04% to 0.19% in Black individ-
uals, 0.09% to 0.30% in Hispanic individuals, and 0.19% to
0.34% in White individuals.® PsA prevalence is likely

"Mathieu Choufani, MD: Brigham and Women'’s Hospital, Boston, Massa-
chusetts; ?Joerg Ermann, MD: Brigham and Women’s Hospital and Harvard
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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.25574).

underestimated in non-White populations due to disparities in
health care access and higher rates of undiagnosed disease.”
Beyond prevalence, different racial and ethnic groups also experi-
ence varying disease manifestations and disease burdens in
PsA.8 0 There remains a paucity of data on the therapeutic
effects of PSA treatments across different demographic groups.
Recognizing the importance of diversity in RCTs to ensure
that results are applicable across diverse populations in clinical
practice, organizations such as the Institute of Medicine and the
US Food and Drug Administration (FDA) have made significant
efforts to improve the recruitment of more diverse populations in
clinical trials.®""='® However, there are limited studies that exam-
ine the racial and ethnic diversity of participants in PsA trials. In
this study, we analyzed race and ethnicity reporting for pivotal
PsA trials using data from three primary sources: journal pub-
lications, the FDA’s online database (Drugs@FDA), and
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SIGNIFICANCE & INNOVATIONS

+ Significant improvements in race and ethnicity
reporting were demonstrated in recent years on
ClinicalTrials.gov. Journal publications and the US
Food and Drug Administration need to make similar
efforts to ensure complete and consistent reporting
of participant racial and ethnic demographics.

+ White participants constituted the overwhelming
majority in pivotal psoriatic arthritis (PsA) trials, with
other racial and ethnic groups remaining signifi-
cantly underrepresented.

+ Recent increases in trial sites in East and Southeast
Asia may have contributed to improved Asian par-
ticipant representation. The rise in Eastern
European trial sites increased overall participation,
though it has not substantially diversified overall
trial populations.

+ Tailored and multifaceted recruitment efforts
addressing patient-, provider-, and system-level
barriers are needed to improve participant diversity
in PsA clinical trials.

ClinicalTrials.gov. Additionally, we assessed the representation of
racial and ethnic groups in these studies and explored the geo-
graphic distribution of PsA trial sites from both US and global per-
spectives. Our objective was to identify gaps in race and ethnicity
reporting and highlight the need for greater diversity in PsA RCTs.

MATERIALS AND METHODS

Study design and data sources. We conducted a
descriptive epidemiologic study to assess the reporting of race
and ethnicity and to describe the racial, ethnic, and geographic
diversity of participants in pivotal clinical trials of biologic
disease-modifying antirheumatic drugs (bDMARDs) and targeted
synthetic DMARDs (tsDMARDs) approved for the treatment of
PsA in the United States. Trial data were obtained from three pri-
mary public sources: journal publications, Drugs@FDA, and
ClinicalTrials.gov. State population and demographic data were
obtained from Census.gov.

Identification of FDA-approved therapies and
pivotal trials. We first established a list of all bDMARDs
and tsDMARDs that received FDA approval for the treatment of
PsA up to October 2024 (Suppl. Figure 1). For each drug, we
searched Drugs@FDA, reviewing the FDA Summary Basis of
Approval (SBoA), if available, and the FDA label specific to the
PsA indication to identify the pivotal trials. SBoAs are structured
based on drug indications rather than individual trials, meaning
that a single SBoA may include data from one or multiple trials.
We did not submit direct data requests to the FDA if an SBoA
was not publicly available on Drugs@FDA. Trials were considered
“pivotal” if they were explicitly labeled as such in the FDA SBoA or

if they were referenced in the FDA label for the PsA indication. We
also used Drugs@FDA to obtain the year of approval of each drug
for the PsA indication and to identify the relevant prescribing infor-
mation, clinical trials, and trial characteristics, which were then
used to locate the corresponding National Clinical Trial number
for each pivotal RCT on ClinicalTrials.gov. We then reviewed
the trial’'s associated “Publications” section to identify the pri-
mary publication for each trial, examining the full text of the listed
publications to identify the publication that reported the primary
analysis of the RCT. A second reviewer, who has extensive
knowledge of pivotal PsA trials, independently verified the selec-
tion of pivotal trials and related publications to ensure consis-
tency and accuracy.

Data extraction and synthesis. For each pivotal trial, we
manually extracted data on age, sex, race, and ethnicity from the
three primary sources: journal publications, Drugs@FDA (specifi-
cally FDA SBoAs), and ClinicalTrials.gov (Suppl. Figure 1). Loca-
tion data were extracted from ClinicalTrials.gov because this
source offered the most detailed information on trial site locations.
Data from the three sources were compiled and curated to create
a comprehensive data set for each trial. Discrepancies fell into
three categories: (1) missing data in one or more sources, (2) dif-
ferences in how categories were grouped (eg, combining Black
and Native American as “other” vs. reporting separately), and
(8) rare differences in participant counts across sources. These
discrepancies were resolved by cross-checking all sources and
selecting the most consistent and granular data based on author
consensus. Data procurement was performed by MC and
reviewed by JE and NG. This process took place from September
to December 2024.

Variables of interest. \We recorded age as mean + SD,
along with the number of participants aged >65 years when
reported. Sex, as recorded in the original sources, was reported
as a binary variable (female or male) across all trials. We catego-
rized race following the 1997 Office of Management and Budget
(OMB) minimum categories," which include American Indian or
Alaska Native, Asian, Black or African American, Native Hawaiian
or Pacific Islander, and White. We combined “multiple” and
“other” into a single category in our data set because some of
the source data had grouped these categories together. Ethnicity
data were recorded as “Hispanic or Latino” and “not Hispanic or
Latino” when available. The updated 2024 OMB'* reporting pol-
icy was not applied because all pivotal trials analyzed predated
this update. When enumerating participants, we recognize that
these participants may not be unique because some individuals
could have participated in more than one trial. For geographic
data, we recorded the number of trials with at least one enrollment
site in each US state, and for countries other than the
United States, we recorded the number of trials with at least one
enrollment site in each country. States and countries were
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grouped into four categories: high trial activity (14-26 trials), mod-
erate trial activity (7—13 trials), low trial activity (1-6 trials), and no
trial activity (0 trials). High activity (14-26 trials) corresponded to
participation in more than 50% of the trials, moderate activity (7—
13 trials) corresponded to participation in 25% to 50%, and low
activity (1-6 trials) corresponded to participation in fewer
than 25%.

Analytic methods. We used descriptive statistics to sum-
marize trial characteristics, including participant demographics,
geographic distribution, and reporting practices for race and eth-
nicity. The data were grouped into four time periods based on the
start dates of the trials: 2000 to 2005, 2006 to 2010, 2011 to
2015, and 2016 to 2020. We assessed the correlation between
state population and clinical trial activity using Spearman correla-
tion analysis to account for the nonnormal distribution of the data
(Shapiro-Wilk P < 0.05). The Spearman correlation coefficient (r),
95% confidence interval (Cl), and P value were reported. Descrip-
tive statistics were performed using Microsoft Excel, and the
Spearman correlation coefficient and bar charts were generated
using GraphPad Prism (version 10.4.1). We created the US and
world map figures using MapChart (https://www.mapchart.net/).

Ethical considerations. This study used publicly avail-
able, deidentified data from journal publications, Drugs@FDA,
and ClinicalTrials.gov, with no direct interaction with human par-
ticipants. Consequently, ethics approval or informed consent
was not required. The study complies with the data use policies
of journal publishers, Drugs@FDA, and ClinicalTrials.gov.

Table 1. Race and ethnicity reporting by data source*

RESULTS

Summary of pivotal PsA trials. A total of 29 pivotal PsA
trials with start dates from April 2000 to April 2019 were identi-
fied and analyzed (Suppl. Table 1), encompassing 14,845 par-
ticipants. These trials investigated the therapeutic efficacy of
16 drugs with different mechanisms of action; there were
seven trials (24 %) for tumor necrosis factor inhibitors, seven tri-
als for interleukin-17A (IL-17A) or IL-17A/F inhibitors, four trials
(14%) each for JAK inhibitors and IL-23 inhibitors, three trials
(10%) for phosphodiesterase 4 inhibitors, and two trials each
for CTLA-4lg and IL-12/23 inhibitors. Nearly all were phase
3 trials (28 trials, 97%), and only one trial (3%) was classified
as a phase 2 trial.

Race and ethnicity reporting in pivotal trials. Race
data were available from at least one of the three data sources
(journal publications, Drugs@FDA, ClinicalTrials.gov) for 93%
(27 of 29) of trials, with reporting remaining relatively consistent
over the 20-year period (Table 1). Ethnicity data were less fre-
quently reported and available for only 41% (12 of 29) of all tri-
als. However, a notable improvement in ethnicity reporting
was observed over time, reaching 100% in the 2016 to 2020
period.

Among the three data sources, journal publications reported
race data most frequently (86%, 24 of 28 trials) (Figure 1A),
though 46% of them (11 of 24 trials) mentioned only the propor-
tion of White participants. Ethnicity reporting in journal publica-
tions was limited to 7% (2 of 28 trials) overall, both instances
occurring in the 2016 to 2020 period. FDA SBoAs were available
online for 55% (16 of 29) of trials, all of which included race data
(Figure 1A). Ethnicity reporting in SBoAs was sparse—only 5 of

All trials 2000-2005° 2006-2010 2011-2015 2016-2020°

Trials, n 29 7 9 8
Data from any source®

Race reported 27 (93 7 (100) 8 (89) 8

Ethnicity reported 12 (41) 0 3(33) 8
Journal publications (n = 28 trials;

1 trial unpublished)

Race reported 24 (86) 3(75)¢° 5(71) 8 (89) 8 (100)

Ethnicity reported 2(7) 0 0 2 (25)

Only White race reported 11/24 (46) 3/3(100) 2/5 (40) 3/8 (38) 3/8 (38)
Drugs@FDA

Race reported 16 (55) 6 (86) 2(22) 4 (50

Ethnicity reported 5017) 0 0 4.(50
ClinicalTrials.gov

Race reported 13 (45) 1(14) 4 (44) 8 (100)

Ethnicity reported 11(38) 0 3(33) 8 (100

* Values are expressed as n (%) unless otherwise indicated. FDA, US Food and Drug Administration.

@ Year ranges are based on the start dates of the trials.

® All trial start dates in this group were 2017 and later, aligning with the implementation of the FDA “Final Rule.”
¢ Any race or ethnicity data reported in any of the three sources (journal publication, FDA.gov, ClinicalTrials.gov).
4 One pivotal trial (M02-570) from the 2000-2005 period was not published, reducing the total number of trials in
the publication subgroup from 29 to 28. For the 2000-2005 period in this subgroup, the denominator is adjusted

from 5to 4.
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Figure 1. Race and ethnicity reporting and distribution in pivotal PsA trials. (A) Race and ethnicity reporting in 29 pivotal PsA trials across three

data sources: journal publications (n = 28, one trial unpublished), Drugs@FDA database (specifically the US Food and Drug Administration Sum-
mary Basis of Approvals), and ClinicalTrials.gov. (B) Race and ethnicity distribution in pivotal PsA trials. Numbers above bars indicate the percent-
age of participants in each category. The total number of participants was n = 14,165 for race and n = 8,105 for ethnicity. PsA, psoriatic arthritis.

the 16 trials with available FDA SBoAs included ethnicity data,
accounting for just 17% (5 of 29) of all pivotal trials. Race data were
available on ClinicalTrials.gov for 45% (13 of 29) of trials, and ethnicity
data were available for 38% (11 of 29). Race and ethnicity reporting
improved over time, both reaching 100% (8 of 8 trials) on
ClinicalTrials.gov in 2016 to 2020 (Figure 1A).

Race and ethnicity reporting by journal. A primary
publication could be identified for 28 of the 29 pivotal trials,

Table 2. Race and ethnicity reporting by journal*

published in 1 of 5 journals (Table 2): Annals of the Rheumatic
Diseases (Ann Rheum Dis), 11 (39%); The Lancet, 7 (25%); Arthri-
tis & Rheumatology (Arthritis Rheumatol), 5 (18%); New England
Journal of Medicine (NEJM), 4 (14%); and Journal of Rheuma-
tology (J Rheumatol), 1 (4%). Race reporting varied across
these journals: 82% (9 of 11 trials) in Ann Rheum Dis, 86%
(6 of 7) in The Lancet, 80% (4 of 5) in Arthritis Rheumatol, and
100% in NEJM (4 of 4) and J Rheumatol (1 of 1). Race reporting
was frequently limited to the fraction of White participants.
Ethnicity data were rarely included in the primary publication,

Ann Rheum Dis The Lancet  Arthritis Rheumatol NEIM J Rheumatol
Journal publications, n 11 7 5 4 1
Race reported 9(82) 6 (86) 4(80) 4 (100) 1(100)
Only White race reported 2/9 (22) 2/6 (33) 4/4 (100) 3/4(75) 0
Ethnicity reported 2(18) 0 0 0 0

* Values are expressed as n (%) unless otherwise indicated.
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Table 3. Race and ethnicity representation

All 2000-2005% 2006-2010 2011-2015 2016-2020
Number of trials 29 5 7 9 8
Race of participantsb (n =27 trials)
Number of trials 27 4 7 8 8
Total number of participants, n 14,165 1,023 2,999 4,019 6,124
White, n (%) 13,076 (92) 974 (95) 2,863 (95) 3,556 (88) 5,683 (93)
Asian, n (%) 680 (5) 12 (1) 68 (2) 279 (7) 326 (5)
Black, n (%) 79 (0.6) 10 (1) 15(0.5) 15(0.4) 39(0.6)
American Indian/Alaska Native, n (%) 35(0.3) 1(0.1) 2(0.1) 21(0.5) 11(0.2)
Native Hawaiian/Pacific Islander, n (%) 16 (0.1) 0 1(0.03) 3(0.1) 12(0.2)
Other/multiple, n (%) 205 (1) 15 (1) 49 (2) 93 (2) 48 (0.8)
Unknown or not reported, n (%) 69 (0.5) 11(1) 1(0.03) 52 (1) 5(0.1)
Ethnicity of participants (n = 12 trials)
Number of trials 12 1 0 3 8
Total number of participants, n 8,105 205 0 1,776 6,124
Hispanic or Latino, n (%) 876 (11) 11 (5) 0 192 (11) 673(11)
Not Hispanic or Latino, n (%) 7,084 (87) 194 (95) 0 1,445 (81) 5,445 (89)
Unknown, n (%) 145 (2) 0 0 139 (8) 6(0.01)

? Year ranges are based on the start dates of the trials.

b White race was reported in 27 trials, Asian was reported in 24 trials, Black was reported in 24 trials, American
Indian/Alaska Native was reported in 16 trials, and Native Hawaiian/Pacific Islander was reported in 11 trials.

with Ann Rheum Dis being the only journal to report ethnicity
data in 18% (2 of 11) of trials.

Race and ethnicity representation in pivotal trials.
Race data were available for 27 of the 29 trials, encompassing
14,165 participants (Table 3, Figure 1B). White participants
accounted for 92% of the total population, with consistently high
representation across time periods: 95% in 2000 to 2005 and
2006 to 2010, 88% in 2011 to 2015, and 93% in 2016 to 2020.

B 14-26 trials (high activity)

[ 7-13 trials (moderate activity)
1-6 trials (low activity)
0 trials (no activity)

Asian participants made up 5% of participants overall, with a
slight increase over time: 1% in 2000 to 2005, 2% in 2006 to
2010, 7% in 2011 t0 2015, and 5% in 2016 to 2020. Black partic-
ipants made up 0.6% of the participants, with consistently low
representation across all periods: 1% in 2000 to 2005 and
between 0.4% and 0.6% in subsequent periods. American
Indian/Alaska Native participants made up 0.3% of all trial partici-
pants, and Native Hawaiian/Pacific Islander participants
accounted for 0.1%. Ethnicity data were available for 12 of the

Figure 2. Geographic distribution of pivotal PsA trials in the United States. This map illustrates the geographic distribution of enrollment sites
across US states for 26 pivotal PsA trials (location data were missing for 3 of 29 trials). The number of trials in which a state had at least one enroll-
ment site determines its activity level. Darker shades indicate higher clinical trial activity. PsA, psoriatic arthritis.
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Figure 3. Geographic distribution of pivotal PsA trials in the world. This map illustrates the global distribution of enroliment sites for 26 pivotal PsA
trials (3 trials had missing location data). The number of trials in which a country had at least one enrollment site determines its activity level. Darker

shades represent higher clinical trial activity. PsA, psoriatic arthritis.

29 trials, including 8,105 participants. Hispanic or Latino individ-
uals represented 11% of participants in these studies, with con-
sistent representation of 11% in both the 2011 to 2015 and
2016 to 2020 periods; a single trial reporting ethnicity data before
2011 included 5% Hispanic or Latino participants.

Geographic representation of pivotal trials. Detailed
location data were available for 26 pivotal PsA trials, all of which
enrolled patients in the United States. Clinical trial activity was highest
in Texas (24 trials), followed by Florida and Pennsylvania (22 each),
California (20), and Alabama (18) (Figure 2, Suppl. Table 2).
Overall, 14 states had high trial activity (14-26 trials), 12 states
had moderate activity (7—13 trials), 16 states had low activity
(1-6 trials), and 8 states had no participation in clinical trials.
We noticed a strong positive correlation between state popula-
tion size and clinical trial activity (r = 0.78, 95% CI 0.63-0.87,
P < 0.0001) (Suppl. Figure 2).

Globally, enroliment sites were identified in 55 unique coun-
tries (Figure 3). The median number of countries per trial
increased from 4 in 2000 to 2005 to 15 in 2016 to 2020 (Suppl.
Table 3). A total of 10 countries had high trial activity (1426 trials),
10 had moderate activity (7—13 trials), and 35 had low activity (1-6
trials), with no enroliment sites in all other countries. Clinical trial
activity was highest in the United States (26 trials), followed by
Poland (22 trials), Canada and Spain (21 trials each), and
Germany and the United Kingdom (20 trials each). Enrolment

sites were concentrated in North America and Europe, with com-
paratively fewer sites in Asia, Africa, and Latin America. There has
been a substantial increase in trial site representation in Eastern
Europe and East and Southeast Asia from 2006-2010 to
2016-2020 (Suppl. Table 2). In Eastern Europe, Czechia (28.6%
to 62.5%), Ukraine (0% to 50.0%), and Latvia (14.3% to 37.5%)
saw the largest increases, with notable growth also observed in
Lithuania, Estonia, Hungary, Bulgaria, and Romania. In Asia, trial
site representation expanded considerably in Taiwan (14.3% to
50.0%), Japan (0% to 50.0%), and Malaysia (0% to 50.0%), but
also in the Republic of Korea, Singapore, and Thailand.

DISCUSSION

In this study, we investigated race, ethnicity, and geographic
diversity in pivotal PsA drug trials over the past 20 years, focusing
on reporting practices and participant representation. Reporting
of race and ethnicity varied across journal publications, the
Drugs@FDA database, and ClinicalTrials.gov. Journal publica-
tions frequently reported race data, though this was often limited
to the proportion of White participants and rarely included ethnic-
ity. ClinicalTrials.gov demonstrated substantial improvements in
race and ethnicity reporting in recent years, whereas the
Drugs@FDA database provided critical yet inconsistent data due
to the variable availability of FDA SBoAs. PsA trial populations
were predominantly White participants, with underrepresentation
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of other racial and ethnic groups and no clear trend of improvement
over the last 20 years other than in the recruitment of Asian individ-
uals in the last 10 years. Our analysis of trial site locations revealed a
high representation of enrollment sites in Western Europe, North
America, and, increasingly with time, Eastern Europe and Asia, with
the latter regions potentially contributing to the increased Asian
representation in clinical trial populations. In the United States, trial
site activity correlated with state population size, with notable activ-
ity in racially and ethnically diverse regions such as Texas, Florida,
California, and Alabama (Suppl. Table 3).

Race and ethnicity reporting in journal publications, as dem-
onstrated by our findings and supported by other studies, has
remained inconsistent and inadequate despite some improve-
ments over time."®'® Although limited guidance exists in the liter-
ature and in author guidelines, there is no standard for the
reporting of race and ethnicity in journal publications.'”'® For
instance, the International Committee of Medical Journal Editors
recommended in 2013 including descriptive data on race and
ethnicity and clarifying how these variables were measured but
did not endorse a specific categorization system, such as the
OMB standards.'®

FDA SBoAs were inconsistently available on the Drugs@FDA
database. When accessible, FDA SBoAs provided detailed
demographic breakdowns, filling gaps left by other data sources.
Demographic data in FDA SBoAs may also be more reliable than
other sources due to the rigorous independent review process
conducted by the FDA during drug approval. Although the FDA
aims to publish these SBoAs within 30 days of the initial approval
of a new drug, '® SBoAs were accessible online for only half of the
pivotal trials analyzed, likely in part because PsA was often not
the initial indication approved for a specific therapeutic. This
resulted in missing demographic data from Drugs@FDA, a limita-
tion we mitigated by integrating data from ClinicalTrials.gov and
journal publications. Ensuring the timely and consistent publica-
tion of FDA SBoAs for all indications would greatly improve the
accessibility and completeness of available demographic data in
pivotal trials for PsA and other conditions.

ClinicalTrials.gov has shown substantial progress in report-
ing race and ethnicity data for pivotal PsA trials over the years,
reaching 100% reporting in the 2016 to 2020 period. These
improvements in race and ethnicity reporting align with trends
observed in other studies.'®2°"22 This progress s likely attribut-
able to key regulatory milestones, including the 2007 FDA
Amendments Act, the 2016 FDA guidance on the collection of
race and ethnicity data, and the 2017 implementation of the FDA
“Final Rule,”2>72% which established ClinicalTrials.gov as a critical
resource for race and ethnicity data. Nonetheless, data gaps per-
sist in older trials and those trials that did not fully adhere to these
regulations, underscoring the need for ongoing compliance
efforts and monitoring.

Our findings are consistent with prior studies demonstrating
that White participants consistently made up the overwhelming

majority of PsA trial participants, whereas American Indian/Alaska
Native, Asian, Black, Native Hawaiian/Pacific Islander, and His-
panic/Latino groups were underrepresented.?®~2® This underrep-
resentation of racial and ethnic groups has also been observed in
RCTs in other rheumatic diseases, such as axial spondyloarthritis,
systemic sclerosis, rheumatoid arthritis, gout, and systemic lupus
erythematosus,?292 as well as in other medical fields, such as
dermatology, neuroscience, pediatrics, ophthalmology, and
oncology.16'2°'33‘35

Expanding recruitment efforts to previously underrepre-
sented regions worldwide can enhance both geographic and
demographic diversity of study populations.®® Pivotal PsA trials
have increasingly included sites in Eastern Europe and Asia,
marking progress toward global representation. Despite these
shifts in geographic site distribution, White participants have con-
tinued to compose the overwhelming majority of PsA trial partici-
pants (93% in 2016-2020), highlighting the need for additional
efforts to ensure greater racial and ethnic diversity in trial
enrollment.

Several factors may explain why trial sponsors favor certain
recruitment sites over others.®”C Preferred sites often offer a
combination of experienced investigators, established research
infrastructure, and streamlined regulatory processes that facilitate
faster trial start-up timelines. Cost-efficiency also plays a role, par-
ticularly in Eastern Europe and parts of Asia, where lower opera-
tional costs and faster recruitment may offer advantages over
Western Europe and North America. Site selection may also
reflect anticipated participant availability —particularly access to
treatment-naive patients—and whether sponsors intend to seek
approval and market the drug in that country.

In the United States, participants were enrolled into the piv-
otal PsA trials across the entire country. Only eight states did not
contribute a single recruitment site. We observed a strong posi-
tive correlation between state population size and trial activity,
that is, states with large populations also had the highest repre-
sentation in the pivotal PsA trials (Suppl. Figure 2). Some of these
states, such as California, Texas, and Florida, are also among the
most racially and ethnically diverse states in the country (Suppl.
Table 3). Nevertheless, this diversity is not reflected in the repre-
sentation of non-White groups in the overall study populations.
Because of a lack of more granular recruitment data, we cannot
tell whether this is due to selective recruitment or the limited con-
tribution of study sites in these states to the overall study popula-
tions. However, these findings suggest that the presence of trial
sites in racially and ethnically diverse states alone may not suffice
to address enrollment disparities.

Barriers to the participation of underrepresented racial and
ethnic populations in clinical trials in the United States can be
divided into three main groups.*'™* Patient-level barriers include
transportation challenges, limited access to trials, child care obli-
gations, lack of paid time off, language barriers, cultural differ-
ences, and mistrust of the health care system. Provider-level
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barriers include limited awareness of trials, implicit biases toward
patients of certain racial or ethnic backgrounds, and concerns
about potentially damaging the patient—provider relationship.
System-level barriers, which disproportionately affect minority
populations, include the limited availability of clinical trials, inade-
quate research infrastructure, insufficient community engage-
ment, financial burdens on institutions, and restrictive eligibility
criteria.*? These barriers often manifest differently across racial
and ethnic groups; for instance, Black individuals may distrust
medical research because of historical abuses, whereas Native
American, Native Hawaiian, and Pacific Islander populations may
be underenrolled partly because trial sites are often not located
in areas where these populations are concentrated.*’!

Addressing these barriers to participation is essential for
improving the enrollment of underrepresented groups and
requires a tailored, multifaceted approach.*?** Strategies include
cultural sensitivity training, hiring culturally diverse and bilingual
staff, translating materials, and engaging trusted community
leaders.”"** Additional measures include flexible scheduling,
accessible study locations, and monetary incentives.** The VISI-
BLE trial on psoriasis demonstrated the effectiveness of imple-
menting a broad range of such measures in recruiting a diverse
participant population.*® Recent FDA guidance documents also
provide recommmendations and emphasize structured plans to
increase the participation of underrepresented groups in clinical
research.%

To implement these strategies effectively, PsA trial sponsors
and regulatory agencies could consider specific interventions.
Diversity action plans, as previously recommended by the FDA,
may provide a structured framework for improving enroliment.®
Trial sponsors could provide more comprehensive support to trial
sites through financial incentives (to the extent permitted by insti-
tutional review boards and ethics committees), technical assis-
tance, and oversight to ensure effective implementation of
diversity-focused recruitment efforts.*® Expanding decentralized
and hybrid clinical trial models, including home-based monitoring
and telemedicine visits, may reduce logistical barriers that dispro-
portionately affect racial and ethnic minority populations.*’
Strengthening community partnerships—with local leaders, pri-
mary care networks, and patient advocacy groups—can help
build trust and engagement in research participation.** Collec-
tively, these and other targeted strategies could help improve
equitable representation in future PsA trials.

Our study has several limitations. Race and ethnicity are
social constructs, and their US-centric OMB categorizations
may be less meaningful in an international context. The lack of
standardized definitions and data collection procedures repre-
sents a challenge in race and ethnicity reporting and may result
in inconsistent or inaccurate data across sources and trials.*®
Our data sources often did not specify how race and ethnicity
data were collected, and there were sometimes inconsistencies
in how these categories were defined. The data sources lack

granular enrollment data for individual trial sites, precluding a
more detailed analysis of enrollment trends and factors affecting
trial population representation in the United States or other coun-
tries. Our analysis focuses exclusively on pivotal trials of those
therapeutics that were FDA approved. We focused on these trials
reviewed by the FDA because international and national regula-
tory guidelines specify that participants in clinical trials should be
representative of the population for whom the medicine will
be indicated in clinical practice, as defined in the final label.*®%°
We believe these trials are the most relevant and rigorously
reviewed because they were critical for FDA approval. However,
the total number of interventional RCTs performed in PsA is sub-
stantially higher and includes phase 2, additional phase 3, and
phase 4 studies of FDA-approved drugs as well as RCTs originally
intended as pivotal for therapeutics that failed to achieve FDA
approval.

Our study has several strengths. We conducted a compre-
hensive analysis of race, ethnicity, and geographic diversity in piv-
otal FDA trials of PsA bDMARDs and tsDMARDs, integrating data
from three key sources: journal publications, the Drugs@FDA
database, and ClinicalTrials.gov. This novel multisource approach
allowed us to identify reporting gaps and inconsistencies that
would be overlooked in single-source analyses. By focusing
exclusively on pivotal trials, our findings are directly relevant to
the most rigorously reviewed and clinically impactful trials in PsA.

In conclusion, this study underscores the persistent under-
representation of racial and ethnic minority groups in pivotal PsA
trials and highlights geographic disparities in participant inclu-
sion. Recent improvements in race and ethnicity reporting
through ClinicalTrials.gov are promising, but significant gaps
remain in journal publications and FDA data. Standardizing
and mandating race and ethnicity reporting across data
sources is crucial to ensure transparency and equity. Tailored
and multifaceted recruitment strategies are essential to
increase diversity and ensure the generalizability of trial results,
ultimately aiding clinicians to provide the most effective and
informed treatment options for all patients.
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Association of Elevated Serum S100A8/A9 Levels and
Cognitive Impairment in Patients With Systemic Lupus
Erythematosus
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Objective. Cognitive impairment (Cl) is common in patients with systemic lupus erythematosus (SLE). Despite its
prevalence, the immune mechanisms are not well understood. We previously reported elevated serum levels of
S100A8/A9 and matrix metalloproteinase 9 (MMP-9) in patients with SLE and CI. This study aims to validate those find-
ings by examining the relationship between serum levels and Cl in patients with SLE at baseline and after one year.

Methods. We assessed cognitive function in 112 patients with SLE using the adapted American College of
Rheumatology—Neuropsychological Battery, defining Cl as impairment in two or more domains. Serum S100A8/A9
and MMP-9 levels were measured by enzyme-linked immunosorbent assay. We compared serum levels between Cl
and non-Cl groups, evaluated cognitive domain performance at baseline and one year, and explored associations
between serum changes and cognitive status changes.

Results. At baseline, 48 patients (42.8%) had CI. After one year, the cognitive funtion remained stable in 55%, improved
in 31.2%, and worsened in 13% of patients. Serum S100A8/A9 levels were significantly higher in Cl patients at baseline (P =
0.0007, r = 0.413) and one year (P = 0.0045, r = 0.359), correlating inversely with multiple Cl domains. The worsened group
showed a significant increase in S100A8/A9 levels, whereas the improved group exhibited a reduction.

Conclusion. In this large cohort of patients with well-characterized SLE, serum S100A8/A9 levels were elevated in
those with Cl and showed an inverse relationship with cognitive performance across multiple domains. Changes in
S100A8/A9 levels corresponded with changes in cognitive status over one year. These findings warrant further inves-

tigation into the role of S1T00A8/A9 in Cl within the context of SLE.

INTRODUCTION

Cognitive impairment (Cl) is one of the most common neu-
ropsychiatric  systemic lupus erythematosus (NPSLE)

Supported by grants from the Arthritis Society of Canada (Y10-15-323 and
Y5-15-081), Canadian Institutes of Health Research (P)5 169668), Physician’s
Services Incorporated Foundation (16-10), the Ontario Ministry of Research
& Innovation - Early Research Awards, and the Lupus Research Alliance
(702951). Dr Mufioz-Grajales's work was supported by the Gary S. Gilkeson
Career Development Award from the Lupus Foundation of America. Drs
Wither and Touma’s work was supported by the Department of Medicine,
University of Toronto. The Toronto Lupus Program was supported by Lupus
Ontario, the Schroeder Arthritis Institute, and donations from the Kathi and
Peter Kaiser family, the Lou and Marissa Rocca family, and the Stacey and
Mark Krembil family.

"Carolina Mufioz-Grajales, MD, PhD, Schroeder Arthritis Institute and Krembil
Research Institute, University Health Network and University of Toronto Lupus
Clinic, Toronto Western Hospital, Toronto, Ontario, Canada, and University of Man-
itoba, Winnipeg, Manitoba, Canada; “Michelle L. Barraclough, MD, PhD: Schroeder
Arthritis Institute and Krembil Research Institute, University Health Network,
Toronto, Ontario, Canada, and The University of Manchester, NIHR Manchester
Biomedical Research Centre, Manchester University NHS Foundation Trust, and

syndromes (estimated prevalence of 38%, 95% confidence
interval 33-43%)."? Symptoms of Cl include declines in
memory, processing speed, attention, and planning abilities,
which significantly impact patients” daily functioning,
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SIGNIFICANCE & INNOVATIONS

+ Previous studies have highlighted alterations in
cytokines and proteases in patients with systemic
lupus erythematosus (SLE) with various neuropsy-
chiatric SLE syndromes, implicating neuroinflam-
mation. However, research specifically focused on
cognitive impairment (Cl) remains limited, often
constrained by small sample sizes.

« Our findings emphasize the potential role of
S100A8/A9 in the immunopathogenesis of CI
among adult patients with SLE. Nevertheless, fur-
ther investigation is crucial to fully elucidate the
underlying mechanisms and validate the signifi-
cance of ST00A8/A9 in Cl within patients with SLE.

+ This study enhances our understanding of Cl in SLE,
offering insights that could inform future research
directions and therapeutic strategies aimed at
addressing cognitive dysfunction in patients
with SLE.

social role participation, and health-related quality of life.5~"
Despite recognition of its negative impact in patients with
SLE, the underlying mechanisms of Cl remain poorly
understood.®

Studies have reported that patients with SLE with different
NPSLE syndromes exhibit alterations in the levels of various
molecules, including proinflammatory mediators (interleukin-6
[IL-6], interferon-y [IFNy], tumor necrosis factor a [TNFa], etc)
and proteases (neutrophil gelatinase—associated lipocalin
[NGAL], matrix metalloproteinase 9 [MMP-9]), which can affect
intrinsic brain components such as the blood-brain barrier
(BBB), the neurovascular interface, and resident microglia,
leading to neuroinflammation.®~'® However, studies specifically
focusing on Cl are scarce, and those available had a limited
sample size, leaving the role of these molecules in Cl in
question.

Recently, we published results from a large, well-
characterized cohort of patients with SLE (n = 290, 116
patients [40%] with Cl), in which we investigated the potential
role of serum analytes (not including autoantibodies) in distin-
guishing patients with SLE with and without CI."® Among the
nine analytes measured (IL-6, IL-10, IFNy, NGAL, MMP-9,
S100A8/A9, S100B, TNFa, and TWEAK), we found that
patients with SLE and Cl had significantly higher serum levels
of S100A8/A9, and to a lesser extent,'® MMP-9. Mechanisti-
cally, this observation aligns with known processes. For
instance, ST00A8/A9 or calprotectin, is involved in recruiting
immune cells to sites of inflammation and activating the NF-

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.25575).

Author disclosures are available at https://onlinelibrary.wiley.com/doi/10.
1002/acr.25575.

kB pathway, which leads to the production of proinflammatory
cytokines'” such as TNFa and IL-6. Specifically, in neurologic
disorders, it has been shown that S100A8/A9 induces the
production of reactive oxygen species and activates micro-
glia.’® Similarly, it is known that MMP-9 contributes to the
breakdown of the extracellular matrix and therefore may par-
ticipate in the remodeling of the BBB, thus facilitating the infil-
tration of peripheral immune cells and proinflammatory
mediators into the central nervous system (CNS) with the sub-
sequent activation of resident cells such as microglia."® Addi-
tionally, S100A8/A9 may promote cell expression of
metalloproteinases,?° including MMP-9.

In this new study, we aimed to validate our previous findings
by investigating the relationship between serum S100A8/A9 and
MMP-9 levels and Cl at two different time points: baseline
and one-year follow-up. We also assessed the relationship with
performance across the different Cl domain tests and determined
whether changes in serum levels from baseline to one-year follow-
up correlated with changes in cognition over the same time
period.

MATERIALS AND METHODS

Participants and data collection. Included in this study
were all individuals from the ongoing larger study at the Toronto
Lupus Clinic, Toronto Western Hospital/University Health Net-
work (UHN) who, by February 2022, had completed one year of
follow-up. The parent study cohort, as previously described,?’
consisted of adults aged 18 to 65 years meeting the 2019
EULAR/American College of Rheumatology (ACR) SLE classifica-
tion criteria,?? demonstrating adequate English proficiency for
cognitive task completion, and providing informed consent.
Unlike some other NPSLE manifestations, Cl can occur without
other SLE clinical symptoms and independently of disease
activity,2® making its attribution to SLE particularly difficult. Conse-
quently, in our cohort, Cl was linked to SLE if patients had no
other illnesses unrelated to SLE that could cause a decline in
cognition.

A standardized data retrieval form was used to collect demo-
graphic and clinical data. SLE disease activity and damage were
assessed using the Systemic Lupus Erythematosus Disease
Activity Index-2000 (SLEDAI-2K)?* and the Systemic Lupus Inter-
national Collaborating Clinics/ACR Damage Index (SDI),%°
respectively. The study was approved by the Research Ethics
Board of the UHN (CAPCR-ID no. 15-9582). Patients and the
public were not involved in the design, conduct, reporting, or dis-
semination plans of our research.
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Classification of cognitive status. Cognitive assess-
ments of the study participants were conducted by psychome-
trists, supervised by neuropsychologists using a modified
comprehensive one-hour ACR-Neuropsychological Battery
(ACR-NB),?® as previously outlined.?" This assessment includes
19 cognitive tests covering six cognitive domains: domain
1 (D1), manual motor speed; D2, simple attention and process-
ing speed; D3, visual-spatial construction; D4, language pro-
cessing; D5, learning and memory; and D6, executive
functioning (see Supplementary Table 1 for tests including in
each domain).

Because of missing data from D1 in >10% of participants
who were unable to complete the dominant and nondominant
hand tapping due to hand pain or joint deformities, the motor
speed domain scores were excluded from the analysis. The
ACR-NB scores for the remaining five domains were normalized
with data stratified by age and sex to classify patients into three
groups, as previously described®’: Cl (two or more domains
impaired), indeterminate ClI (only one domain impaired), and
non-Cl (no domain impaired). A domain was considered
impaired if a Z score of —1.5 or less was recorded in at least
one test in D2, D3, and D4 and in two or more tests®’ in D5
and D6.

Serum S100A8/A9 and MMP-9 measurement. Blood
samples were collected and processed to obtain serum on the
same day as the neuropsychologic assessment. These serum
samples were stored at —80°C until use. Evaluation of the effect
of duration of storage on serum S100A8/A9 and MMP-9 levels,
using Spearman’s rank correlation, showed no significant impact.

Serum S100A8/A9 and MMP-9 levels were measured by
enzyme-linked immunosorbent assay using DuoSets from R&D
Systems. All measurements were performed in duplicate accord-
ing to the manufacturer’s instructions, with dilutions set to
1:2,000 for S100A8/A9 the heterodimer (catalog number
DY8226-05; dynamic range 94-6,000 pg/mL) and 1:1,500 for
MMP-9 (catalog number DY911-05; dynamic range 31.2-2,000
pg/mL). The intra-assay coefficient of variation (CV) was less than
5% for both, and the interassay CVs were 11.96% and 13.93%,
respectively.

Other laboratory measurements. Anti-double-
stranded DNA (anti-dsDNA), antiphospholipid antibodies (APLA)
(anti-cardiolipin, anti-B2 glycoprotein I, and lupus anticoagulant),
and complement levels (C3 and C4) were measured as part of
the patients’ routine clinical assessments at the UHN laboratory.
The results closest to the cognitive assessment, within a 30-day
window, were used for analysis.

Statistical analysis. Comparisons among groups. For
continuous data, the Mann-Whitney U-test was used to compare
two groups (Cl and non-Cl), and the Kruskall-Wallis test with

Bonferroni correction was used to compare multiple groups (Cl,
indeterminate Cl, and non-Cl). For categorical variables, a chi-
square test was used. Correlations were calculated using Spear-
man’s rank correlation coefficient.

Regression analysis. The relationship between serum levels
and study participant performance in each test domain, catego-
rized by visit, was investigated using multivariable regression anal-
yses controlling for covariates deemed clinically relevant (sex, age,
race, SLEDAI-2K, and the use of antimalarials, glucocorticoids,
and immunosuppressants) and adjusting for multiple compari-
sons. The variables were scaled a priori to better satisfy the
assumptions of the regression model.

Variations over time. Patients’ cognitive status was catego-
rized as stable, improved, or worsened based on the ACR-NB
cognitive assessment from baseline to the one-year visit. Stability
was defined as unchanged cognitive status, improvement as a
transition from Cl or indeterminate ClI status to non-Cl or from ClI
to indeterminate Cl, and worsening as a transition from non-Cl
or indeterminate Cl status to Cl or from non-ClI to indeterminate
Cl. The Wilcoxon matched-paired signed-rank test was used to
evaluate the differences in serum levels of S100A8/A9 and
MMP-9 between baseline and the one-year visit within groups
(stable, improved, and worsened). This was operationalized by
first computing the differences in serum levels of S100A8/A9
and MMP-9 between baseline and the one-year visit for each par-
ticipant within the stable, improved, and worsened cognitive sta-
tus groups. These differences were then ranked in absolute
terms, and signed ranks were assigned based on the direction
of change. The test statistic was derived from the sum of these
ranks, and significance was determined based on its distribution
under the null hypothesis.

The relationship between serum S100A8/A9 and MMP-9
levels and the interaction between group (improved or
worsened) and time was investigated using a linear mixed-
effects model (LMM). The LMM included fixed effects for
group, time, and their interaction and random intercepts for
participants to account for repeated measures within
participants. A logarithmic transformation was applied to the
analyte levels to stabilize variance and meet the assumptions
of the model. All statistical analyses were performed using
GraphPad Prism version 9.1.5 (GraphPad Software) or RStu-
dio version 1.3.1073 (Integrated Development Environment
for R. RStudio, PBC).

RESULTS

At baseline, 48 of the 112 study participants (42.8%) had Cl,
32 study participants (28.6%) had indeterminate Cl, and 32 study
participants (28.6%) did not have Cl. At the one-year follow-up,
the distribution was 36 study participants (32%) with Cl,
34 study participants (30.3%) with indeterminate CI, and
42 study participants (37.5%) without Cl. The demographic
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and general characteristics at baseline and the one-year
follow-up visit are displayed in Tables 1 and 2, respectively.
Most study participants were female and of White self-reported
race, with no statistically significant difference in the distribu-
tion of races among the groups (non-Cl, indeterminate CI,
and CI) at either baseline or the one-year follow-up visit. Simi-
larly, the median age, disease duration, SLEDAI-2K, and SDI
were comparable among groups at both visits. Additionally,
the frequency of hypocomplementemia, anti-dsDNA, APLA,
and the medications that patients were taking did not differ sig-
nificantly (chi-square P > 0.05). The clinical manifestations
were also comparable among groups at both time points
(Supplementary Tables 2 and 3). Only two patients had a his-
tory of cerebrovascular disease, both of which belonged to
the ClI group at both visits.

Comparison of S100A8/A9 and MMP-9 serum levels
in patients with SLE with and without CI. At both the base-
line and one-year follow-up visits, serum levels of S100A8/A9 and
MMP-9 showed a moderate correlation with each other (o = 0.52,
P < 0.0001 and p = 0.406, P < 0.0001, respectively). However,
only the S100A8/A9 levels were significantly higher in patients
with Cl compared to those with indeterminate ClI (P = 0.0036

and P = 0.0045 at baseline and one-year follow-up, respectively)
and non-Cl (P = 0.028 and P = 0.0007). No differences in the
serum levels of ST00A8/A9 and MMP-9 were found between
patients without Cl and those with indeterminate Cl, at any time
point. These findings are presented in Figure 1. Notably, the
serum levels of STO0A8/A9 did not correlate with the clinical
SLEDAI-2K at any visit (p = 0.004, P = 0.9 at baseline and p =
0.15, P =0.11 at the one-year visit).

Relationship between S100A8/A9 and MMP-9 serum
levels and individual tasks in each domain. Among
patients with CI, D5 (learning and memory) had the highest pro-
portion of impaired patients at both visits (83.3% at baseline and
80.6% at the one-year follow-up, respectively), followed by D3
(visual-spatial construction, 70.8% and 64%, respectively) and
D2 (simple attention and processing speed, 52% and 55.6%,
respectively) (Figure 2A). For D4 (language processing), the pro-
portion of patients with Cl at baseline was 29% and 25% at the
one-year visit. D6 (executive functioning) was slightly different
between the baseline and the one-year visit, with rates of impair-
ment increasing from 25% to 39%. Please note that these per-
centages do not sum to 100% because patients with Cl had
impairments in two or more domains. As depicted in

Table 1. Baseline study population characteristics*
Study population Indeterminate
Variable (N=112) No Cl (n =32, 28.6%) Cl(n =32, 28.6%) Cl(n =48, 42.8%)

Female, n (%) 97 (87) 30(93) 27 (84) 40 (83)
Age at assessment, median (IQR), y 429 (30.4-50.7) 39.1 (32.2-50.2) 40.4 (28.3-51.9) 451 (31.7-51.67)
Self-reported race, n (%)

White 69 (61.6) 21 (65.6) 25(78) 25(52)

Black 26 (23.2) 8 (25) 2 (6.2) 16 (33)

Chinese 8 (7.4) 2(6.2) 13) 5(10.4)

Other?® 9 (6.25) 1(3) 4(12.5) 2(4.2)
Disease duration at assessment, median (IQR), y 12.5(5.7-22.4) 12 (5.1-24.4) 3.8 (6-22.5) 12.9(4.5-21.7)
SDI score, median (IQR) 1(0-2) 1(0-1.25) 0(0-1) 1(0-2)
Clinical SLEDAI-2K score, median (IQR) 2 (0-4) 2 (0-4) 2 (0-4) 2 (0-5)

Minimum to maximum 0-22 0-14 0-9 0-22
Positive anti-dsDNA, n (%) 45 (40) 15 (46) 13 (40.6) 17 (35.4)
Low C3 or C4, n (%) 41 (36.6) 16 (50) 11 (34.4) 14 (29)
APLA, n (%) 19(17) 7(21.8) 4(12.5) 8(16.6)
Current medication use

Antimalarial, n (%) 89 (79) 25 (78) 28 (87.5) 36 (75)

Glucocorticoids, n (%) 139 (47) 13 (40.6) 15 (46.8) 27 (56)

Glucocorticoid dose (prednisone or 5.23(9.8) 511(11.7) 3.12(5.8) 6.75(10.5)

equivalent), median (SD)

Immunosuppressant, n (%) 71 (63.4) 18 (56) 23 (71) 30 (62)

Azathioprine 16 (22.5) 7 (38.8) 5(21) 4(13.3)

Methotrexate 7 (9.8) 1(5.5) 4(17.4) 2 (6.6)

Mycophenolate 45 (63.4) 9 (50) 14 (61) 22 (73)

Other 3(4.2) 1(5.5) 0(0) 2 (6.6)

Biologics 7 (6.2) 2(6.2) 3(9.3) 2(4.2)

* anti-dsDNA, anti-double-stranded DNA; APLA, antiphospholipid antibodies; C3, complement component 3; Cl, cognitive impairment; IQR,
interquartile range; SDI, Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index; SLEDAI-2K: Sys-

temic Lupus Erythematosus Disease Activity Index-2000.

@ Other: Native North American, Filipino, and Mixed. Categories for self-reported race were collapsed into Black, White, and Other (including
Chinese and other groups), whereas immunosuppressant use was categorized as “yes” or “no” for analysis.
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Table 2. Study population characteristics at the one-year follow-up*

Study population Indeterminate
Variable (N=112) No Cl (n =42, 37.5%) Cl(n=34,30.3%) Cl(n =36, 32%)

Female, n (%) 97 (87) 36 (85.7) 30 (88) 31(86)
Age at assessment, median (IQR), y 44 (31.5-52) 40 (32-51) 46.7 (31-53) 45.46 (32-53)
Self-reported race, n (%)

White 69 (61.6) 27 (64.3) 24 (66.6) 18 (50)

Black 26 (23.2) 6(14.3) 7 (20.6) 13(36)

Chinese 8 (7.4) 5(12) 0(0) 3(8.3)

Other?® 9 (6.25) 4(9.5) 3(8.8) 2 (5.5)
Disease duration at assessment, 13.76 (6.7-23.7) 13.21 (6.76-24) 16.49 (7.35-26) 13.11 (5-23.48)

median (IQR), y
SDI score, median (IQR) 1(0-2) 0.5(0-2) 0(0-1.25) 1(0-3)
Clinical SLEDAI-2K score, median (IQR) 2 (0-4) 2 (0-4) 2 (0-4) 2 (0-4)

Minimum to maximum 0-18 0-18 0-10 0-14
Positive anti-dsDNA, n (%) 48 (42.8) 20 (47.6) 13(38.3) 15(41.6)
Low C3 or C4, n (%) 42 (37.5) 19 (45) 11 (32.3) 12 (33.3)
APLA, n (%) 22(19.6) 11 (26) 5(14.7) 6 (16.6)
Current medication use

Antimalarial, n (%) 93 (83) 36 (85.7) 29 (85.3) 28 (77)

Glucocorticoids, n (%) 44 (39) 18 (42.8) 12 (50) 14 (38.8)

Glucocorticoid dose (prednisone or 3.49 (6.1) 438 (7.05) 3.41(6.6) 2.51(4.1)

equivalent), median (SD)

Immunosuppressant, n (%) 66 (59) 25 (59.5) 21(61.7) 20 (55.5)

Azathioprine 13(19.7) 6 (24) 3(14.3) 4(20)

Methotrexate 6(9.5) 1(4) 3(14.3) 2(10)

Mycophenolate 45 (68.2) 17 (68) 15 (67) 13 (65)

Other 2(3) 1(4) 0(0) 1(5)

Biologics 7 (6.2) 2 (6.2) 3(9.3) 2 (4.2)

* anti-dsDNA, anti-double-stranded DNA; APLA, antiphospholipid antibodies; C3, complement component 3; Cl, cognitive impairment; IQR,
interquartile range; SDI, Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index; SLEDAI-2K, Sys-

temic Lupus Erythematosus Disease Activity Index-2000.

@ Other: Native North American, Filipino, and Mixed. Categories for self-reported race were collapsed into Black, White, and Other (including
Chinese and other groups), whereas immunosuppressant use was categorized as “yes” or “no” for analysis.

Supplementary Figure 1, at both visits, the serum levels of
S100A8/A9 were consistently higher in the group with impairment
in the most frequent affected domains (D5 and D3). No differ-
ences were observed for MMP-9.

At baseline, of the 48 patients with Cl, 25 patients (52%) had
two impaired domains, 19 patients (39.6%) had three impaired
domains, and 4 patients (8.3%) had four or five impaired domains.
Similar proportions were observed at the one-year visit: of the
36 patients with Cl, 19 patients (52.7%) had two impaired domains,
12 patients (33.3%) had three impaired domains, and 5 patients
(13.8%) had four or five impaired domains. At both time points, the
serum levels of STO0A8/A9 or MMP-9 did not correlate with the
number of impaired domains in the group of patients with Cl.

Figure 2B provides a comprehensive summary of the regres-
sion analyses evaluating the relationship between serum levels of
S100A8/A9 and MMP-9 and task performance across each cog-
nitive domain at baseline and the one-year visit. This analysis
showed that ST00A8/A9 exhibited a negative relationship with
the performance in multiple cognitive tests across different
domains at both visits. In contrast, there were no statistically sig-
nificant findings for MMP-9. Supplementary Figure 2 illustrates

the interaction between S100A8/A9 and the cognitive tests that
were statistically significant.

Changes over time. A year after the first cognitive assess-
ment, the cognitive status remained unchanged in 62 patients
(55%; 27 patients remained as Cl, 14 patients had indetermi-
nate Cl, and 21 patients did not have Cl), improved in
35 patients (31.2%) and worsened in 15 patients (13.4%)
(Supplementary Table 4 summarizes the worsened and
improved group characteristics). The Wilcoxon matched-pairs
signed-rank test revealed no significant changes for S100A8/
A9 in the groups that remained unchanged (Supplementary
Figure 3) and statistically significant difference within the
improved and worsened groups (Figure 3A).

An LMM was used to examine the interaction between group
(improved vs worsened cognitive status) and time (baseline vs one-
year visit), while accounting for serum levels of S100A8/A9 and
MMP-9. This analysis revealed a significant interaction effect for
S100A8/A9 (estimate = 1.090, SE = 0.309, P = 0.00092),
suggesting that changes in S100A8/A9 levels over time differ signifi-
cantly between the two groups. Specifically, the improved group
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Figure 1. Serum levels of ST00A8/A9 and MMP-9 discriminated by visit. (A) Correlations between S100A8/A9 and MMP-9 serum levels at (left)
baseline and (right) one-year visit. Correlations were calculated using the Spearman’s correlation coefficient. (B and C) Strip plots with median bars
showing, from left to right, levels for patients without Cl, Indet, and definitive Cl for (B) S100A8/A9 and (C) MMP-9. Each circle represents a single
study participant, the middle line indicating the median for the study participants and error bars denoting the interquartile ranges. Statistical signif-
icance was determined using the Kruskal-Wallis test corrected for multiple comparisons with significant differences indicated by asterisks (*P <
0.05, =P < 0.01, **P < 0.001). Nonsignificant differences are no displayed. Cl, cognitive impairment; Indet, indeterminate cognitive impairment;

MMP-9, matrix metalloproteinase 9.

showed a significant median decrease of —562 (95% confidence
interval —93 to —903; P = 0.0214), whereas the worsened group
exhibited a significant median increase of +878 (95% confidence
interval 554-2,020; P = 0.0015) (Figure 3B) for ST00A8/A9. The
MMP-9 serum levels did not significantly change between the two

time points within either the improved or the worsened group. The
main effect of time (baseline vs one-year visit) alone was not signifi-
cant (estimate = —0.277, SE = 0.173, P = 0.11553), indicating that
overall changes in S100A8/A9 levels across all participants, irrespec-
tive of group differences, were not statistically significant.
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the serum MMP-9 and S100A8/A9 levels and each cognitive test Z score. Results from multivariable analysis controlled by sex, age, race, Systemic
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Figure 3. Comparison of STO0A8/A9 Levels in improved and worsened groups over time. (A) Violin plots of levels (ng/mL) in the improved and
worsened groups at two time points (T1 and T2). The plots show the distribution, median, and interquartile range for each group and time point.
The blue color represents the improved group, and the red color represents the worsened group. (B) Interaction plot of mean levels (ng/mL) over
time for the improved and worsened groups. Error bars represent the SEM. The solid line represents the improved group, and the dashed line rep-
resents the worsened group. T1, baseline; T2, one-year visit. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.25575/abstract.
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DISCUSSION

Motivated by our previous findings,® this study investigated
the relationship between serum levels of S100A8/A9 and
MMP-9 with Cl in patients with well-characterized SLE at baseline
and the one-year follow-up. Overall, the findings validate our pre-
vious observations regarding S100A8/A9. They also align with a
cross-sectional study involving a smaller sample size (n =
72 patients with SLE, 26 patients with Cl) that examined the levels
of ST00A8/A9 in patients with SLE with and without NPSLE, in
which higher serum concentrations of S100A8/A9 were seen
in patients with SLE with Cl compared to those without NPSLE.?®
Although MMP-9 did not show significant differences among
groups, as in our initial study with a larger sample size, it positively
correlated with STO0A8/A9 at both visits. This suggests that
MMP-9 may contribute, to some extent, to the mechanisms by
which S100A8/A9 influences cognitive decline in patients
with SLE.

Cognitive function relies on the intricate interplay between
various brain regions,® which is partly reflected in the different
cognitive domains assessed.®° Consistent with our previous find-
ings, we observed that elevated levels of ST00A8/A9 were nega-
tively correlated with multiple cognitive tests across various
domains. Furthermore, the results from the longitudinal part of this
study showed that although some participants did not exhibit a
significant change in S100A8/A9 levels over time, the direction
and extent of change were distinctly different between the wors-
ened and improved groups with a notably greater increase in
S100A8/A9 levels in the worsened group.

Studies have shown that patients with SLE have higher circu-
lating levels of S100A8/A9 compared to healthy controls.®'3®
S100A8/A9 is a heterodimer composed of the S100 proteins
S100A8 and S100A9, which is the most stable and biologically
active form in circulation, although homodimers and heterotetra-
mers also exist.>* S100A8/A9 constitutes up to 60% of the cyto-
solic proteins in neutrophils and monocytes. However, other cell
types, including endothelial and epithelial cells, can also produce
and secrete this cytokine under certain conditions.>* Notably,
neutrophils secrete ST00A8/A9 actively in a calcium-dependent
manner and during the formation of neutrophil extracellular traps
(NETs).3* Increased NET formation with reduced degradation is
a well-recognized phenomenon in SLE.®®%¢ As discussed in the
Introduction, ST00A8/A9 has multiple potential mechanisms by
which it can induce neuroinflammation.’”-82% Thus, persistent
elevated levels due to monocyte and neutrophil activation could
ultimately result in overt Cl.

Although higher levels of STO0A8/A9 have been reported in
patients with SLE with active disease, particularly in those with
severe manifestations,®**3” not all studies found a correlation
between S100A8/A9 levels and overall disease activity.®23
Indeed, and in agreement with our previous findings, we did not
observe any correlation between serum S100A8/A9 levels and

the SLEDAI-2K or any association with specific clinical character-
istics at baseline or during the one-year follow-up. However, it is
important to note that in general our study population had low dis-
ease activity, which may account for the lack of such a correlation.

One of the primary strengths of our study is the large sample
size coupled with comprehensive neuropsychological and clinical
assessments, which enabled us to derive robust and reliable con-
clusions from the data. We meticulously considered the potential
confounding effects of medications on serum levels, enhancing
the validity of our findings. Our focused approach on Cl adds to
the study’s specificity. Consistency was ensured by measuring
all serum concentrations using the same matrix, and our evalua-
tion of storage effects on serum levels showed no significant
impact, thereby reinforcing the reliability of our measurements. A
significant strength of our study is its longitudinal design, incorpo-
rating a follow-up assessment at one year. This enabled us to
draw more precise conclusions about the relationships between
serum levels of ST00A8/A9 and MMP-9 with Cl. Extending the
duration of the follow-up period in future studies would solidify
our findings and provide deeper insights into the temporal rela-
tionship between the levels of these analytes and Cl.

Our study has some limitations. First, we measured concen-
trations solely in serum samples. Although serum measurement is
more participant-friendly and clinically feasible compared to cere-
brospinal fluid (CSF) measurement, it does not allow us to directly
determine whether S100A8/A9 contributes to neuroinflammation.
Additionally, several cytokines and chemokines relevant to
NPSLE have been found to be significantly higher in CSF than in
serum.®® Therefore, our study cannot ascertain whether circulat-
ing S100A8/A9 migrates to the CNS and induces local inflamma-
tion or if the circulating levels are merely an epiphenomenon.
Additionally, our study was conducted at a single center, poten-
tially limiting the generalizability of the findings to other populations
or settings. The study population also lacked diversity in terms of
disease severity, which may affect the applicability of the results
to patients with varying degrees of disease activity. However, this
relatively homogeneous low disease activity may also be consid-
ered a strength, as it limits the influence of inflammation in other
organs on S100A8/A9 levels, which could have otherwise
impacted our ability to detect its association with Cl. Finally,
despite adjusting for potential confounders, there may still be
unmeasured variables that could influence the relationship
between S100A8/A9 and MMP-9 serum levels and Cl.

In conclusion, our study underscores the possible involve-
ment of ST00A8/A9 in the immunopathogenesis of Cl in adult
patients with SLE. Further research is essential to elucidate the
precise mechanism.
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Screening for Social Determinants of Health in Patients With
Systemic Lupus Erythematosus: A Point-of-Care

Feasibility Study
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Objective. Social determinants of health (SDoH) can impact outcomes but are not routinely screened for in US out-
patient rheumatology clinics. This study determined the feasibility of routine point-of-care SDoH screening among
patients with systemic lupus erythematosus (SLE) and associated barriers and facilitators at the physician, care team,
and patient levels.

Methods. This observational, prospective, mixed-methods pilot study (GSK Study 219011) conducted in two large
academic tertiary lupus clinics in the United States screened adults with SLE for SDoH over two weeks (institution
1, July to August 2023) and seven weeks (institution 2, August to October 2023). Patient demographics and patient-
reported responses to questions covering up to eight SDoH domains chosen by participating institutions were col-
lected, and an optional patient experience survey was conducted afterward. Participating physicians and care teams
were asked questions on screening implementation, tool usability and comprehension, clinician acceptance, and facil-
itators of use. Transcripts were analyzed using thematic analysis.

Results. The study included 69 patients with SLE across both institutions; 65 completed the patient experience
survey. SDoH screening was successfully implemented with minimal disruption to clinical workflow and was viewed
as valuable by physicians, care teams, and patients. Reported facilitators to successful SDoH screening included insti-
tutional leadership buy-in to address health equity and a brief screening tool format (five minutes or less). Barriers
included limited resources and insufficient time or training.

Conclusion. With an appropriately resourced and trained care team, successful routine SDoH screening in lupus
clinics is feasible, valuable to clinicians and care teams, and effective for connecting patients to needed social

resources.
INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic, multisys-
tem autoimmune disease affecting more than 200,000 people in
the United States.” Despite advances in treatment, SLE can lead
to widespread organ damage, resulting in considerable morbidity
and early mortality.? There is concern that health disparities result
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in differences in the incidence, treatment, and outcomes of
patients with SLE.®™ SLE is nine times more prevalent among
women than men, and the prevalence of SLE is more than two
times higher in Black women compared with White women." In
addition, SLE disproportionally affects patients from underrepre-
sented groups and of lower socioeconomic status, with ethnic
minority groups and those with public insurance more likely to
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SIGNIFICANCE & INNOVATIONS

« It is known that social determinants of health
(SDoH) can have a major impact on disparities in
systemic lupus erythematosus (SLE) incidence and
outcomes. This study examined the feasibility of,
and barriers associated with, introducing a routine
point-of-care screening among patients with SLE
for SDoH in US outpatient rheumatology clinics.

+ Screening for SDoH among patients with SLE can be
successfully implemented in tertiary lupus specialty
clinics with minimal disruption to clinical workflow.

+ Organizational championing and leadership buy-in
to address health equity were among the most
important facilitators to successful SDoH screening,
and appropriate resources in the form of lupus nav-
igators and/or social workers are critical for addres-
sing the social needs identified through the SDoH
screening process.

+ Study findings offer support for the wider adoption
of SDoH screening at other specialty lupus clinics
and serve as a first step for addressing the social
risks that underpin health disparities presentin SLE.

receive fragmented care, thus leading to worse clinical out-
comes.*® An increased risk of developing lupus nephritis and
higher mortality rates also exist within these marginalized
groups.”®

Although the underlying causes of these disparities include
genetic, epigenetic, and socioeconomic factors,® research sug-
gests that challenges related to social determinants of health
(SDoH) are prevalent among those with SLE and have a major
impact on disparities in SLE incidence and outcomes.*® SDoH,
defined by the World Health Organization as “the conditions in
which people are born, grow, live, work, and age,” account for
30% to 55% of health outcomes and contribute to health inequal-
ities across the globe.'® In multiple countries, adverse SDoH con-
ditions, such as lower socioeconomic status, lack of medical
insurance, and racial segregation, have been associated with
reduced medication adherence, poor retention of SLE care,
increased SLE activity, and higher SLE-related organ damage.®

National health policy organizations call for health care pro-
viders, health plans, and wider community-based organizations
to implement SDoH screenings and perform more comprehen-
sive SDoH assessments.""'? Patients are also supportive of
being screened for SDoH'®; however, despite widespread
acceptance of the role of SDoH in health outcomes and the call
for increased SDoH screening, SDoH are not adequately or rou-
tinely screened for at the point of care in the United States. In a
survey performed in 2017 to 2018, less than 25% of hospitals
and 16% of physician practices in the US adequately screened
for SDoH.™

Although SDoH collection occurs in a range of settings, from
specialty clinics to large integrated health care systems,'®™'" few

studies have examined SDoH screening processes in an SLE
patient population. Results from a multihospital primary care—
based integrated care management program showed that
screening patients for SDoH effectively addressed barriers to
health care that may have previously prevented them from acces-
sing care and adhering to treatment.'® Although this study dem-
onstrated the utility of screening for SDoH in an SLE patient
population, the program lacked a structured screening tool and
was not specific to a lupus clinic. Given the impact of SDoH on
the health outcomes of patients with SLE, efforts should be made
to examine the feasibility of routine SDoH screening and collect
data on SDoH for this patient population.

To address this gap, this pilot study aimed to determine the
feasibility of routine point-of-care SDoH screening among
patients with SLE in tertiary lupus clinics; the associated barriers
and facilitators on the physician, care team, and patient levels;
and the strengths and limitations of such screening. This
real-world study also examined clinician and care team percep-
tions of the SDoH screening to better understand patient experi-
ence and perceptions of having their social risks assessed.

MATERIALS AND METHODS

Study design. This was an observational, prospective,
mixed-methods study (GSK Study 219011) that collected quanti-
tative and qualitative data in two large, academic tertiary lupus
clinics in the United States (institutions 1 and 2). The study popu-
lation consisted of the clinical care team at each of the two partic-
ipating institutions and the patients with SLE who had clinic
appointments during the implementation period. Care teams at
each institution were asked to screen for SDoH among all adult
patients with SLE by asking the patients to complete a ques-
tionnaire for the SDoH screening tool selected (described in
the SDoH screening tools section). The SDoH screening tool
was implemented over two clinic days for each physician, and
the study was completed over a two-week period for institution
1 (July to August 2023) and a seven-week period for institution
2 (August to October 2023) to accommodate individual physi-
cian schedules.

Institutions and patients. The study selected two large,
academic medical centers affiliated with safety net hospitals (ie,
hospitals that provide significant levels of care to people who are
uninsured or underinsured and cannot cover the cost of care from
their own resources’®). Institution 1, located in the Southeast
region of the United States, is a public hospital system serving a
population that is more than 40% uninsured. Institution 2, located
in the Midwest United States, is a private nonprofit institution pro-
viding significant financial assistance and charity care. According
to the Community Health Needs Assessment report published
by each institution in 2022, poverty, lack of health care insurance,
and crime and violence were major SDoH factors in the
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surrounding communities.?>2" Both institutions specialized in
treating lupus, represented a diverse population of adult patients
with lupus, had a volume of >30 patients with lupus per week,
and included two or more rheumatologists treating adult patients
with lupus. Additionally, both institutions did not already routinely
use an SDoH screening tool in their lupus clinics. Care teams
serving patients with lupus at the institutions participated in the
study. Patients >18 years of age with a physician-confirmed SLE
diagnosis and an appointment at one of the two participating
institutions during the study period were eligible for study partici-
pation and were screened for SDoH.

Site assessments. A site profile questionnaire was com-
pleted by the principal investigators (PIs) before study implemen-
tation to gather basic characteristics of the institutions, such as
clinic type, number and type of practicing clinicians, and average
number of patients with lupus seen per week. During onboarding,
the Pls also completed a 60-minute assessment interview to col-
lect information about the institution’s current (baseline) clinical
workflow for patients with lupus before SDoH screening imple-
mentation and any workflow modifications to accommodate the
use of the SDoH screening tool.

SDoH screening tools. Although there is no single gold
standard SDoH screening tool,?? the validated Accountable
Health Communities Health-Related Social Needs screening tool
by the Center for Medicare and Medicaid Innovation of the US
Department of Health and Human Services Centers for Medicare
and Medicaid Services®® was the basis for the screeners used
by the two participating institutions because this was the screen-
ing tool available in the Epic electronic medical record (EMR). The
institutions adapted the SDoH screening templates available in
their clinic systems in ways they felt were most appropriate for
their patient population and workflow needs. The screening tool
at institution 1 included four SDoH domains: financial stability,
housing and utilities, transportation, and food security. The
screening tool at institution 2 included eight domains: physical
activity, stress, social connections, and depression in addition to
the four domains included in the screening tool at institution
1. The screening tools used at each institution were both fixed-
choice questionnaires (Supplementary Figure 1).

A study data collection form was used to document anon-
ymized patient responses to the SDoH screening tool questions,
along with patient demographics obtained from the EMR.
Patients who completed the SDoH screening were provided with
a brief, optional patient survey to gather their perceptions and
experiences with the SDoH screening tool. This survey included
questions on screening tool readability, comprehension, comfort-
ability, and reactions to being asked SDoH questions. Patients
were offered a nominal financial incentive (in the form of a gift card
to a maximum value of $25 in accordance with site protocols) for
completing the optional survey. Supplementary Figure 2 outlines

the clinic workflow for routine SDoH screening implemented dur-
ing this study.

Postscreening interviews. Semistructured 30-minute
interviews with participating clinicians (ie, rheumatologists, medi-
cal assistants, nurses) and care team members involved in SDoH
tool implementation (eg, research coordinators, lupus navigators,
and social workers) were conducted. The majority of interviews
were conducted within two weeks of study implementation; only
a few interviews occurred more than four weeks after implemen-
tation due to scheduling conflicts. Participating members were
asked to describe their experience using the tool, providing per-
ceptions on workflow, timing, value, and patient reactions to
being screened. Semistructured interviews with institutional
leaders, such as quality improvement officers, were also con-
ducted to gain a broader perspective on how implementation
aligned with institution-wide goals.

Statistical analysis. This study used a mixed-methods
approach. Quantitative data were collected using the site data
collection form and optional patient experience survey. Descrip-
tive statistics for quantitative measures are presented as frequen-
cies and percentages. For survey questions, the number of valid
responses to a given question was used as the denominator for
calculating percentages. Stata (StataCorp, College Station,
Texas, US) was used to conduct quantitative analyses. For quali-
tative data, content analysis was conducted on the semistruc-
tured interview responses. Interview recordings were
transcribed, and transcripts were reviewed for accuracy and clar-
ity before they were imported into a qualitative interview coding
program (Dedoose, US) to analyze findings and categorize
responses. Interview responses were coded for analysis to
include the following domains: feasibility of SDoH screening, clini-
cian acceptance of SDoH screening, patient experience, and
organizational culture. Transcripts were coded, and the data were
then transferred into a data matrix to facilitate thematic analysis.

Ethics statement and data availability. This study was
conducted in accordance with the Declaration of Helsinki 2008.
The study protocol and all the data collection tools were submit-
ted to a central institutional review board (WCG IRB, formerly
Western IRB) in line with the requirements and received “exempt”
status because the study was a noninterventional screening/tool
evaluation. Institution 1 determined that the study did not require
institutional review board review because it did not meet the defi-
nition of human subject research (US Department of Health and
Human Services) or clinical investigation (US Food and Drug
Administration). Informed consent was not required because the
study was noninterventional, and the study results and participant
data were anonymized. For requests for access to anonymized
subject-level data, please contact the corresponding author.
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RESULTS

Participating institutions. At the time of study data col-
lection, institution 1 had 714 patients with lupus, and institution
2 had 349 patients with lupus actively engaged in care. The lupus
patient population at each institution was predominantly Black
(82.1% [586 of 714] at institution 1, 61.0% [213 of 349] at institu-
tion 2) and female (90.1% [643 of 714] at institution 1, 87.1% [304
of 349] at institution 2). Institution 2 had more patients covered by
commercial health insurance compared with institution 1 (77.1%
[269 of 349] vs 21.0% [150 of 714]; Table 1). A total of 16 care
team members across two institutions participated in the study,
including six rheumatologists, two medical assistants, one nurse,
four research coordinators, two lupus navigators, and one social
worker (Supplementary Table 1).

Patient characteristics. During the study period, 69 (insti-
tution 1, n = 40; institution 2, n = 29) of a total of 75 patients with
SLE who attended the clinic were screened for SDoH and
included in the study (Table 2). At institution 1, two patients were
not screened because they did not speak or read English. Four
patients at institution 2 were not screened for the following rea-
sons: declined because of time constraints (n = 2), did not speak
or read English (n = 1), or had physical limitations (n = 1). Both
institutions had similar proportions of female study participants
(institution 1, 92.5% [37 of 40]; institution 2, 93.1% [27 of 29]);
institution 1 had a higher proportion of study participants who

Table 1. Characteristics of the total lupus population at each partic-
ipating institution

Institution 1 Institution 2
(N=714) (N =349)
Characteristics®
Female, n (%) 643 (90.1) 304 (87.1)
Age, n (%)
18-33y 79 (11.1) 157 (45.0)
34-49y 307 (43.0) 157 (45.0)
50+y 328 (45.9) 35(10.0)
Race and ethnicity, n (%)
Black 586 (82.1) 213 (61.0)
White 57 (8.0) 133(38.1)
Other 71(9.9) 3(0.9)
Health insurance, n (%)
Government sponsoredb 564 (79.0) 80(22.9)
Commercial® 150 (21.0) 269 (77.1)
Uninsured 0(0) 0(0)

@ Data were collected through the site profile questionnaire that
each institution’s principal investigator completed at the beginning
of the study.

P For institution 1, “government sponsored” included Medicare/
Medicaid/Dual eligible, and other (military or Veterans Affairs insur-
ance); for institution 2, “government sponsored” included Managed
Medicare/Medicare or Managed Medicaid/Medicaid.

€ For institution 2, “commercial” included commercial insurance,
managed care, worker's compensation, and other (eg, generic sup-
plemental, ministry, and other private nonmajor commercial
insurance).

were 18 to 39 years of age (65.0% [22 of 40]) and Black (80.0%
[32 of 40]) compared with institution 2 (44.8% [13 of 29] and
65.5% [19 of 29], respectively; Table 2).

Overall, 77.5% (31 of 40) of study participants at institution
1 screened positive for at least one of four SDoH domains, and
93.1% (27 of 29) of participants at institution 2 screened positive
for at least one of eight SDoH domains. The most commonly indi-
cated social risks were financial strain (71.8% [28 of 39)]) at institu-
tion 1 and social connection challenges (79.3% [23 of 29]) at
institution 2 (Table 2).

SDoH screening feasibility. Preimplementation planning:
Baseline workflow practices. Based on the preimplementation
clinical workflow assessment interview, a few modifications to
baseline workflow were required to accommodate the use of the

Table 2. Study participant characteristics*

Institution 1 Institution 2
Characteristics (N =40) (N =29)
Female, n (%)? 37(92.5) 27 (93.1)
Race, n (%)?
Black 32 (80.0) 19 (65.5)
>2 races 3(7.5) 0(0)
White 2 (5.0 8 (27.6)
American Indian/Alaska 1(2.5) 0(0)
Native
Asian 1(2.5) 2 (6.9)
Other 1(2.5) 0(0)
Age, n (%)°
18-29y 10 (25.0) 3(10.3)
30-39y 12 (30.0) 10 (34.5)
40-49y 6(15.0) 10 (34.5)
50-59y 5(12.5) 3(10.3)
60+y 7(17.5) 3(10.3)
Positive screening for SDoH
domain, n (%)°
Patients screened positive 31 (77.5) 27(93.1)
for >1 SDoH domain
Financial resource strain 28°(71.8) 17 (58.6)
Food insecurity 20¢(51.3) 9(31.0)
Housing instability 14 (35.0) 9(31.0)
Transportation challenges 6 (15.0) 2(6.9)
Social connection - 23(79.3)
challenges®
Physical inactivity® = 22 (75.9)
Stress? = 9(31.0)
Depression® - 9(31.0)

" EMR, electronic medical record; SDoH, social determinants of
health.
@ Data were obtained from the study data collection log completed by
each institution. Because of rounding of data to one decimal place, the
Eercentages for different age categories add up to 99.9% for institution 2.
For institution 1, if a patient marked a response on the question-
naire for any of the questions in each domain that indicated a social
need, they were considered as having a “positive” screen result. For
institution 2, the present study used the same scoring algorithm as
the one used in institution 2's electronic medical record. Responses
to all SDoH domains were optional; therefore, the denominator var-
ies due to missing responses.
°N=39.
9 Domains that were only screened at institution 2.
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SDoH screening tool. The biggest changes involved assigning
individuals to distribute the screening tool and reminding physi-
cians to review SDoH results in the EMRs and to discuss the
results with patients.

Implementation: Staff resources to implement the SDoH

SDoH screening tool at both institutions minimally burdened the
clinic practice. Institution 1 elected two medical assistants to
administer a paper copy of the SDoH questionnaire to patients
upon check-in and enter the responses into the EMR upon com-
pletion, reporting that the time needed to enter questionnaire

screening tool. Staff resources used to implement the responses to the EMR was “a couple of minutes.” Institution

(A) Implementation: Staff resources to implement the SDoH screening tool

Care team member (Institution 1): “I think it was pretty easy and straightforward. Our patients are very much used
to filling out surveys and questionnaires for other studies. So it went actually pretty well.”

Medical assistant (Institution 1): “We do have a lot of patients that cannot read. They cannot comprehend.
They cannot remember. So, it's a little bit difficult for them, but | helped them get through it as best | could to help
them understand so at least they would answer the question[s].”

Research coordinator (Institution 2) reported that they “did not have any trouble with specifically administering
[the tool], and every patient filled it out without trouble.”

(B) Implementation: Impact of SDoH screening on clinical workflow

Physician (Institution 2): “It didn’t impact my workflow. It was easy. It took a very short amount of time.
There weren’t any major time constraints.”

Physician (Institution 2): “Sometimes you're waiting five-plus minutes [for a patient to finish the screener].
And if this happens with every patient, that ends up being about 50 minutes, which would be 2 additional patients
that | could have squeezed in [to the day’s clinic].”

Research coordinator (Institution 2): “Overall, the flow was good. [There were technical hiccups when the screener
was first rolled out] but [after those were resolved], | don't think it disrupted workflow that much.”

Medical assistant (Institution 1): “It really depends on the patient. With the older patient, it's going to take
a little longer, but we were still able to do it in a timely manner.”

(C) Implementation: Impact of SDoH screening on patient-provider interactions

Physician (Institution 1): “If you don't mind, I'll just take a look at your answers.’ And if | saw something concerning,
I'd say, ‘Well, | see that you mentioned you have some problem with housing. Would it be okay if we had someone
from our team reach out to you about this?"”

Physician (Institution 1): “This whole experience has brought up discussions from both the patient and the clinician
side that we would not have had before. And so there were certain instances when those issues were

really heightened, that | don't think would have been brought up as early or if ever before, and that does impact
kind of how people engage with the system and get access to different things, like medicines and stuff.”

Physician (Institution 1): “There are the few that had very extreme, significant [social determinant] issues where
we did spend most of the encounter on those issues, and I'm just guessing like maybe 5% of the encounters then
over the two weeks. But | mean, even though that's an absolute small number, | mean, that was a very big issue
for them that may not have otherwise come up in that way or as directly. So, | think it was helpful for those

few individuals.”

Figure 1. Care team and physician interview responses to different aspects of SDoH screening tool implementation. (A) Staff resources to imple-
ment the SDoH screening tool. (B) Impact of SDoH screening on clinical workflow. (C) Impact of SDoH screening on patient—provider interactions.
SDoH, social determinants of health.
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2 primarily had two nonclinician research coordinators assigned
and trained to administer the SDoH questionnaire to patients via
a tablet device, and the information was automatically uploaded
into the EMR. In general, care team members administering the
tool reported that it was easy to use and not burdensome, and
they were able to assist any patients who had difficulty completing
the questionnaire (Figure 1A).

Implementation: Impact of SDoH screening on clinical
workflow and patient-provider interactions. Although physicians
reported differing degrees of workflow disruption with SDoH
screening, most care team members reported minimal impact
on clinical workflow (Figure 1B). Although patients were not timed,
care teams reported that patients typically spent 3 to 10 minutes
completing the screening tool. This time was reportedly depen-
dent on the patient’s age, familiarity with technology (if a tablet
was used), and health literacy level. For a few older adults or those
with difficulty comprehending the questions, care team members
were present to help them complete the questionnaire. Overall,
physicians at both institutions reported that, on average, an addi-
tional 5 to 10 minutes were spent reviewing SDoH results with
patients or waiting for patients to complete the questionnaire.
Some physicians were able to direct patients to other care team
members who could respond to their social risks and reported
that the screening results provided deeper context about the
challenges faced by patients with SLE (Figure 1C).

Facilitators of, and barriers to, SDoH screening in
routine practice. Despite variation in SDoH screening imple-
mentation across both institutions, common facilitators and bar-
riers to SDoH screening were observed. Key facilitators included
having leadership and physician buy-in to address health equity
for patients, ensuring necessary resources for developing and
implementing the screening tool to minimize the burden on the
clinic, using a brief screening tool with a completion time of five
minutes or less, tailoring the screening tool and implementation
process to meet clinic needs, and making screening data avail-
able before patient review (Figure 2A) to connect patients with rel-
evant resources. Commonly reported barriers to SDoH screening
included limited resources to address the identified social risks
and provide patients with immediate actionable solutions, limited
awareness of available resources among clinicians to address
social risks, and insufficient time or training among clinicians to
address identified risks (Figure 2B).

Clinician and care team perspectives. Clinician accep-
tance of the SDoH screening was relatively high. Participating
rheumatologists and care team members recognized the value
and importance of SDoH screening, even when additional effort
was required on their part (Figure 3). Most care team members
were willing to continue using the screening tool in their clinics,
particularly if resources were available to address the identified

(A) Reported facilitators of routine SDoH screening

Having leadership and physician buy-in to address health equity for patients

Ensuring resources needed to develop and implement the screening tool create minimal burden on clinic

Tailoring the screening tool and implementation process to meet their clinic’s needs

Having a non-physician care team member administer the screening tool to avoid disruptions to physician workflow

Using a brief screening tool (ideally <5 minutes completion time)

Having immediate availability of screening data in the EMR for physicians to review prior to patient visit

(B) Reported barriers of routine SDoH screening

Institutions having limited resources to address social risks

Clinicians having limited awareness of available resources to address social risks

Insufficient clinician time or training to address identified risks

Patients unavailable to take extra time to meet with a lupus navigator or social worker

Technical challenges with information technology/EMR

Figure 2. Summarized themes of reported (A) facilitators and (B) barriers to SDoH screening from qualitative interviews. EMR, electronic medical

record; SDoH, social determinants of health.
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Clinician acceptance and value of SDoH screening

Institution 1

side that we would not have had before.”

Rheumatologist 1: “This whole experience has brought up discussions from both the patient and the clinician

Institution 2

of potential really depends on system resources.”

but it's not a trivial task.”

Rheumatologist 1: “I think it [screening for SDoH] opens up high potential. Whether or not we can realize that level

Co-PlI: “...implementing any new changes is going to be hard, but the work is really important. And | think
particularly with regards to SDoH, | think that this is something that we really need to add to the workflow,

Care team willingness to continue SDoH screening

Institution 1

have resources. | mean, to be able to provide them.”

Rheumatologist 2: “... But if there's nothing you can do to address it, it's almost like, why are we collecting this
if we're not acting on it? So, for me, because | actually have somebody [lupus patient navigator program] that | can
ask to call them and connect them with resources, | will continue to use it."

Rheumatologist 3: “I definitely would like to do that [continue screening for SDoH], but | would want to

Medical assistant: “| would definitely continue using it. | think we're all set for it.”

Institution 2

continue to do it.”

Social worker: “| mean, it helps to know. Always does. | do think it's important to collect this data, and | hope we

Research coordinator 1: “We are continuing. | do think that we've discussed...how to better address this and
continue it to make sure that it's efficient and it's effective.”

Figure 3. Clinician and care team perspectives. P, principal investigator; SDoH, social determinants of health.

social risks (Figure 3). Having a lupus navigator and social worker
available was viewed as particularly beneficial (Figure 4).

Patient perspectives. The overall response rate for the
patient experience survey was 94.2% (65 of 69). The patient experi-
ence survey revealed that the majority of patients were “happy to be
asked” about their SDoH challenges (75.4% [49 of 65]), whereas
24.6% (16 of 65) were neutral; no patient was unhappy to be asked
those questions. Most patients found the SDoH screening tool “very
easy” to understand (90.8% [59 of 65]) and were “very comfortable”
answering the SDoH questions (80.0% [52 of 65]; Supplementary
Table 2). Physical activity and stress were reported as the most dis-
cussed SDoH topics (each 50.0% [16 of 32)), followed by finances
(37.5% [12 of 32]; Supplementary Table 2).

Participant suggestions for improved SDoH
screening and essential components for successful
SDoH screening. Streamlining the referral pathway to social
support, educating providers on discussing SDoH with patients,

and improving explanations about why SDoH are collected were
among the key suggested improvements to SDoH screening.
Additionally, providing patients with a dedicated space to com-
plete their SDoH forms or allowing patients to complete forms
before the clinic visit could ease SDoH screening processes.
Improved wording of the screening tool and increased training of
front desk staff were also suggested to facilitate routine SDoH
screening. Overall, Supplementary Figure 3 highlights the essen-
tial system-, provider-, and patient-level components required
for successful SDoH screening in a specialty clinic.

DISCUSSION

We found that routine SDoH screening can be successfully
implemented in lupus specialty clinics with minimal disruption to
clinical workflow and is viewed as valuable by patients and care
teams. The large proportion of patients reporting social risks pre-
sented in this study further highlights the importance of screening
for SDoH in the broader health care setting.
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recommendations and adapt. | can't do it.”

Rheumatologist (Institution 1): “It takes a navigator to really be embedded. Their primary job is to keep their eyes
and ears open, put it together in the context of people living with lupus. And they are constantly changing too, right?
So, they have to be aware and follow up with patients and see what happened to these programs and change

| would say, efficient.”

Research coordinator (Institution 2): “I think that if we had more social workers, if we had more support on staff,
| think it would be a completely different ball game. [Our social worker] was trying to balance all of these
rheumatologist clinics. And if a patient had a certain need, | mean, that's hundreds and hundreds of patients that
[the social worker] was making sure that he needed to visit or touch base with. Having someone else there,
especially in clinic, is a critical role. So, | think that if there was a [permanent] navigator or person that was
supporting staff that would allow for that within clinic, | think that would make this a lot a lot more,

Lupus navigator (Institution 2): “Most of the time, they're very receptive to having a conversation with me...

they typically will open up and explain what is going on, whether it's financial resource problems or they are having
trouble getting disability or they've not been able to work or whatever. Lack of transportation is huge as well.

And then they agree for me to continue to contact them outside of clinic. And we talk about different ways,
different resources, off the top of my head. And then | follow up with them outside of clinic via phone or email.”

Figure 4. Care team interview responses on the screening benefit of having a lupus navigator or social worker.

Our study has identified a substantial social risk burden in
patients with SLE and positive care team experiences with, and
support of, SDoH screening in the two participating lupus clinics
that are integral to major US health systems. Clinicians and care
team members reported that SDoH screening aided their clinical
decision-making. Patients reported an appreciation for being
asked about their social situation and were comfortable complet-
ing the SDoH questionnaire, which they did in a timely manner.
These findings are consistent with a previous study in a primary
care setting, where a majority of patients agreed that their health
system should ask about social needs and help to address
them,® and a multihospital study reporting that screening and
addressing SDoH in rheumatology clinics (not focused on SLE)
is feasible.?*

Leadership buy-in and the use of engaged and willing staff
members to conduct the screenings were found to be among
the strongest facilitators for SDoH screening implementation. This
mirrors previous studies that identified the importance of strong
leadership support on the overall success of SDoH screening
implementation in hospital systems and community care set-
tings."”?® Having leadership recognize the importance of SDoH
in all patient populations may enable institutions and their staff to
provide support by routinely asking patients about their social
risks and SDoH challenges. These findings also serve as a
reminder to community physicians and staff members that clinical
adherence and response to therapy are often attributable to
SDoH, reinforcing the need for consideration of patient-adverse
SDoH conditions in everyday clinical practice.

In the current study, investment in social work resources was
among the most reported critical components for responding to
SDoH screening results. Given the limited awareness of available

resources to address social needs among the clinicians reported
here, the presence of a lupus navigator and social worker with
knowledge of available resources for patients improved their con-
nections to those services. As such, the present study suggests
that having access to resources that address social needs is nec-
essary to follow through with screening results to identify and
remediate social risks. This has been reflected in another screen-
ing study by Schickedanz et al, in which 50% of physicians
reported a lack of resources as a major barrier to successful
screening.?® Unfortunately, many lupus clinics do not have
access to a full-time lupus navigator; durable funding and profes-
sionalization of the lupus navigator position may address this
issue.

In our study, institution 1 included questions for four SDoH
domains and instituton 2 included questions for eight
SDoH domains, leading to a degree of heterogeneity of the col-
lected data. Although such heterogeneity is often unavoidable in
a real-world clinical setting, standards of care that encourage
SDoH screening must be established to effectively incorporate
routine SDoH screening for the lupus patient population. Clinical
guidelines for rheumatologic conditions should include specific
recommendations that encourage routine SDoH screening with
validated tools and provide guidance around the frequency and
importance of screening. For example, various US institutions
have recently released recommendations and call-to-action
statements to encourage SDoH screening.'"'? Creation and
standardization of EMR templates to include routine SDoH
screening would also aid broader adoption, aligning with national
efforts to standardize SDoH screenings in EMRs.2” Once viable
models for SDoH screening in specialty clinics are available, it is
recommended that professional societies incorporate training on
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SDoH screening and ensuing patient discussions into Continuing
Medical Education modules, a process that is already starting to
take place.?®

Organizations such as the American College of Rheumatol-
ogy and the Lupus Foundation of America could increase private
payers and government awareness of the need for SDoH screen-
ing and counseling for patients. Increased attention to adverse
SDoH conditions will serve to improve patients’ quality of life and
may lead to improved disease outcomes. Additionally, patient
organizations could develop resources to increase patient aware-
ness of the impact of SDoH on health outcomes.?® The continued
movement toward value-based care provides a solid foundation
to address SDoH while improving the quality and cost-
effectiveness of care.®® In 2021, the Centers for Medicare and
Medicaid Services issued guidance to state health officials to
increase the adoption of strategies in addressing SDoH in Medic-
aid beneficiaries.>! The incentivization of health care providers to
screen and refer patients for SDoH is increasing, with research
suggesting that traditional Medicare may pay providers for fur-
nishing SDoH risk assessment services.'! Ultimately, beyond
incentivizing institutions to conduct SDoH screenings, following
up with results and providing resources to address social risks
are equally important.

Several factors of this study limit its generalizability to other
lupus care settings. Existing EMR templates for the SDoH screen-
ing tool, together with the appropriate level of education and train-
ing to support SDoH screening adoption and implementation,
may not be readily available. Furthermore, the presence of dedi-
cated lupus navigators is uncommon at most lupus clinics, and
social workers are not present in many care settings. Both institu-
tions were affiliated with safety net hospitals and excluded
patients with limited English proficiency, potentially leading to
population sample bias. Future studies should focus on larger
and more diverse populations of patients with SLE for further data
generalizability. As a critical component for addressing identified
social risks, other institutions may need to employ a lupus naviga-
tor or social worker to successfully influence care management.
Separately, the support from institutional leadership and buy-in
for SDoH screening may not be generalizable, meaning settings
without leadership support may need to highlight the value of
SDoH screening to gain support and resources for implementa-
tion. It is also important to consider that many patients with lupus
may obtain care with local community-based rheumatologists
instead of tertiary lupus clinics, where resources and attitudes
toward SDoH screening implementation may vary. Additional lim-
itations included variation in the screening tool used across the
institutions, the small sample sizes at the institutional level (two
participating sites) and at the patient level (69 patients), and the
absence of data on patients’ education levels, which may be per-
tinent to their ability to understand and respond to the questions.
Although small sample sizes are consistent with qualitative
research and pilot studies, extending the observation period to

enable increased patient volume could provide further insights
into the long-term sustainability of the newly introduced work-
flows incorporating the SDoH screening tool.

In conclusion, this study demonstrated that with an appropri-
ately resourced and trained care team, successful routine SDoH
screening in specialty lupus clinics is feasible, valuable to clinicians
and care teams, and effective for connecting patients to needed
social resources. Study findings offer the opportunity for wider
adoption of SDoH screening at other specialty lupus clinics and
reinforce the evidence that SDoH data can inform patient-
provider interactions, serving as a first step toward addressing
identified social risks. Further research is needed to examine the
connection between SDoH data collection; patient outcomes,
experience, and care satisfaction; and the impact on holistic care
management and treatment.
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Objective. This systematic review and meta-analysis aimed to evaluate the participation of historically marginal-
ized populations in systemic lupus erythematosus (SLE) clinical trials conducted in the United States.

Methods. SLE, a complex autoimmune disease characterized by a dysregulated immune response leading to
inflammation and tissue damage in multiple organ systems, exhibits a mortality rate four times higher in historically
marginalized populations compared to the general population. It is essential for clinical trials to accurately represent
the disease population to effectively evaluate treatment modalities. However, the current trial design lacks appropriate
representation of historically marginalized populations, limiting the generalizability of results. Our study addresses this
research gap by evaluating the participant demographics in SLE clinical trials. Relevant clinical trials were obtained in a
comprehensive search of MEDLINE (PubMed) and Embase (Elsevier) in May 2024. Included trials were published in the
United States between January 1, 2018, and December 31, 2023. Two reviewers independently performed screening
and data extraction via a standardized Google Form.

Results. Having met our inclusion criteria, 18 US SLE clinical trials were evaluated for participant sex, age, racial,
and ethnic data. Analysis of sex and gender revealed that the included population accurately represented the disease
population. Regarding race and ethnicity participation, 11 of 18 studies (61.1%) received an overall poor rating, and
none received a good rating. Analysis revealed that 14 of 18 studies (77.8%) demonstrated statistically insignificant
underrepresentation of Black, Asian, and Hispanic populations. No studies reported the inclusion of older adults in their
sample, suggesting a significant need for better age representation.

Conclusion. The results of this study reveal disparities in the representation of the SLE disease population in clin-
ical trials, emphasizing insufficient inclusion of Black, Asian, and Hispanic and Latino participants and the dispropor-
tionate overrepresentation of White participants. Our study highlights the need for the initiation of effective strategies
to engage historically marginalized populations in SLE clinical trials. Addressing these gaps is necessary to prioritize
the participation of inequitable populations, increase standardization of SLE treatments, and improve the relevance
of SLE research.

INTRODUCTION

Observed differences in incidence, prevalence, and disease
complications regarding systemic lupus erythematosus (SLE)
have led to increased awareness that racial and ethnic minorities
tend to have a worse prognosis among affected patients.” SLE
is a complex, chronic autoimmune disease defined by an
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interrupted immune response that leads to inflammation and tis-
sue damage in various organ systems.? Although SLE affects
people of all ages, genders, and races and ethnicities, with a prev-
alence that varies geographically, recent epidemiologic studies
demonstrate higher rates of lupus among women, racial and eth-
nic minorities, and those of reproductive age.®>® Despite
advancements in diagnosis and treatment, SLE remains a
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SIGNIFICANCE & INNOVATIONS

+ Our systematic review examines the representation
of historically marginalized populations with sys-
temic lupus erythematosus (SLE) in clinical trials
developed in the United States. We found that
high-risk populations—such as Black, Hispanic, and
Asian individuals—were significantly underrepre-
sented, whereas clinical trials predominantly
enrolled White participants. This inequitable repre-
sentation compromises the generalizability of inter-
ventions and outcomes among marginalized
populations, further perpetuating health disparities
and inequities in the United States.

+ Using Agboola and Wright's diversity evaluation
framework, we conducted a structured analysis of
demographic factors that have been historically
overlooked, quantifying disparities with the
participation-to-disease representation ratio. This
approach not only highlights existing inequities but
also sets a precedent for future SLE research,
encouraging targeted recruitment strategies to fos-
ter inclusivity.

+ Our work extends beyond academic findings, urg-
ing researchers to prioritize diversity in study
design to improve evidence-based treatment proto-
cols that meet the needs of all patients. It adds to
the growing call for reform in clinical research prac-
tices, advocating for more equitable trials and bet-
ter health outcomes for marginalized populations.

+ Our review exposes critical gaps in clinical trials rep-
resentation, particularly among high-risk racial and
ethnic minorities and older individuals, thus provid-
ing a framework to enhance diversity and equity in
future SLE studies.

significant burden, with a considerable influence on patients’
quality of life and mortality rates.

A range of structural and social determinants contribute to
the variable health outcomes of patients with lupus, including lack
of provider knowledge about SLE diagnosis and management,
poor health care access associated with lower socioeconomic
status, and environmental exposures.® Although participant diver-
sity in clinical research is an important established consideration,
many studies do not enroll and retain an appropriate sample of
demographically representative participants.” This lack of repre-
sentation compromises clinical knowledge, promoting false gen-
eralization, hindering innovation, and aggravating existing health
inequalities.®

Given these challenges, this study specifically examines the
representation of historically marginalized populations in SLE clin-
ical trials conducted in the United States. Although global dispar-
ities exist, US-based research faces unique structural, historical,
and policy-related barriers that impact recruitment and
retention.>®~"" Despite calls for more equitable inclusion, no sys-
tematic review to date has comprehensively assessed this issue

within the US context. Our study addresses this gap using a
structured diversity rating framework to evaluate demographic
representation in recent SLE trials.

Enhancing diversity in SLE research has far-reaching implica-
tions for clinical practice. Not only does it create better-informed
treatment protocols and management strategies, but it can inform
public health policies and resource allocation. For example,
improved recruitment of historically marginalized populations in
clinical trials has exposed how SLE affects these underresourced
populations at a higher rate, causing the EULAR to update its
treatment protocol in 2019 to include detailed instructions for
treating SLE in different populations.’® As a result of enhanced
diversity in SLE research, efforts to combat the disease are effec-
tive and inclusive. Thus, promoting diversity in SLE research will
drive more precise medical advancements, benefiting all patient
populations affected by this complex condition.

Building on the importance of inclusive research, this article
aims to investigate the diversity in SLE clinical trials conducted in
the United States using the structured diversity evaluation frame-
work developed by Agboola and Wright.'® This framework offers
a systematic approach to assess and enhance diversity in SLE
clinical research by providing clear guidelines for evaluating the
representation of various demographic groups and identifying
gaps in study populations.

MATERIALS AND METHODS

Study design. To assess the diversity and representation of
clinical research participants, we conducted a systematic search
of the literature for SLE clinical trials and used the Clinical Trial
Diversity Rating framework previously developed by Agboola
and Wright'® to evaluate the representation of research partici-
pants across different demographics. We then conducted a
meta-analysis to characterize the diversity of SLE trials overall.
Studies were selected and evaluated in a standardized manner,
following the Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses 2020 checklist."* Our protocol, raw data,
and findings are publicly available on Open Science Framework
(OSF) to ensure reproducibility.'® This study was determined to
not include human participants by the institutional review board
and therefore not subject to further research oversight according
to the United States Code of Federal Regulations.

Search strategy. A detailed search string was created
using the Cochrane Database to identify search terms from rele-
vant review articles. We then identified relevant medical subject
headings terms (“lupus erythematosus, cutaneous” and “lupus
erythematosus, systemic™) in PubMed, which we compiled into
our search string."® With this search string, we searched major
medical literature databases, MEDLINE (PubMed) and Embase
(Elsevier), for all SLE interventional clinical trials. All returns were
compiled and imported into Rayyan, a systematic review



REPRESENTATION IN SLE CLINICAL TRIALS

1325

screening platform (http://rayyan.qcri.org). Masked, two authors
(SS and KR) screened the title and abstract while following the
inclusion criteria discussed in the following section.

Eligibility criteria. Eligibility criteria for our meta-analysis
included clinical studies that were (1) published between
January 1, 2018, and December 31, 2023; (2) assessed an
SLE intervention (behavioral, pharmaceutical, or otherwise);
and (3) had trial site(s) only in the United States. We excluded
publications outside the intended date range, trials without SLE
as the focus, secondary database analyses, erratum, corrigen-
dum, trial updates, and trial site(s) outside the United States.
Two authors (SS and KR) reconciled their title and abstract
screening decisions after the initial masked, duplicate screen. If
a consensus could not be reached, a third investigator was
available to arbitrate. While applying the same eligibility criteria,
a final masked, duplicate full-text screening was performed.
Two authors (SS and KR) reconciled their decisions again with
a third investigator available to adjudicate.

Data collection. Two authors extracted data (SS and KR)
using a standardized Google Form. General characteristics
extracted were study title, year of publication, funding source,
intervention type (pharmaceutical, behavioral, supplemental or
holistic, and surgical or procedural), sample size, clinical trial
phase (1, 2, 3, 4, or not reported), and trial site type (single center
or multicenter).

Demographic data for race and ethnicity, sex, and age were
first evaluated as “yes” or “no” if they were reported by the study.
As referenced by Agboola and Wright,'® these demographics were
chosen due to them being the most common metrics used to
report and evaluate participant diversity in previous research poli-
cies and publications. For demographic categories that were
reported, specific data were then extracted as follows: race (pro-
portions of White, Black, Asian, Pacific Islander and Hawaiian, and
Native American and Alaskan Native), ethnicity (proportion of His-
panic and Latino), sex (proportion of male and female), and age
ranges and means with SDs (overall and for participant subgroups).

Data analysis: diversity rating and descriptive
statistics. To evaluate diversity, we applied the Clinical Trial
Diversity Rating framework developed by Agboola and Wright. '®
This method uses the participation-to-disease representation
ratio (PDRR) to compare trial participant demographics with
known disease prevalence across race and ethnicity, sex, and
age categories. Disease-specific prevalence rates for SLE were
obtained from the Centers for Disease Control and Prevention
(CDC) National Lupus Registry.* The PDRR is calculated as:

Proportion of trial participants ina demographic group

PDRR = . -
Disease prevalence in that group

For example, if 40% of patients with SLE are male, but only
20% of a trial’s participants are male, the PDRR for male partici-
pants in that trial would be 0.50 (0.20/0.40).

Based on previous literature, we used the following thresh-
olds to interpret PDRR values: a score of >0.8 was classified as
adequate representation, >1.2 as overrepresentation, and <0.8
as underrepresentation.'®'®"” PDRR values were then con-
verted into representation scores as follows:

e Three points for PDRR >0.8

¢ Two points for PDRR >0.5 and <0.8
¢ One point for PDRR >0 and <0.5

e Zero points for PDRR =0

Scores for each demographic category (eg, Black, Hispanic,
and White for race; male and female for sex) were summed to cal-
culate a total representation score. Final ratings of “good,” “fair,”
or “poor” were then assigned based on the percentage of the
maximum possible score (eg, for sex, a maximum of 6 points if
both male and female scores were 3). A worked example and for-
mula breakdown are provided in the Supplementary Table 1.

Age-specific prevalence estimates were not incorporated
into the final analysis due to inconsistent age band reporting
across included trials. Although CDC-supported lupus registries
offer age-stratified data across four US regions and the Indian
Health Service, aligning trial-reported age data with these stan-
dards was not feasible. This limitation is discussed further in the
article’s Discussion section. For race and sex data, which are
consistently reported in US trials, missing values were scored as
zero to ensure uniform application of the framework.

Meta-analysis. Additionally, the PDRRs serve as the point
estimate for our meta-analysis, capturing the relative representa-
tion of demographic groups across studies. The meta-analysis
involved pooling representation scores across studies to obtain
an overall diversity estimate and assess heterogeneity between
studies. The SE was calculated using the individual study sample
size as n. The upper and lower confidence intervals on the log
scale were calculated using the natural log-transformed PDRR
and the SE. The log transformation was necessary to allow for
the calculation of confidence intervals of PDRR values because
ratios often have skewed distributions. The confidence intervals
were then back-transformed by taking the exponential of the
upper and lower confidence intervals. The final PDRR and upper
and lower 95% confidence intervals were used to create forest
plots to visually illustrate the results of the meta-analysis. All origi-
nal data, final reconciled data, and statistical analysis methods
were uploaded to OSF for transparency and reproducibility.®
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RESULTS

Trial inclusion and exclusion. Our comprehensive
search returned 747 records. After deduplication, 597 records
remained and underwent title and abstract screening.
Following this initial screening, 132 records were selected for
full-text review. Ultimately, 18 studies met our inclusion criteria
for data extraction. Our exclusion reasons are detailed in
Figure 1, and the full list of included studies is in Supplementary
Table 1.

Trial characteristics. All analyzed trials were evenly
distributed across the time frame of 2018 to 20283. Of these,
most were funded by industry (12 of 18 studies, 66.7%) and
used a pharmaceutical intervention (12 of 18 studies,
66.7%). Most studies were double-masked (9 of 18 studies,
50.0%), with six studies being open-label (6 of 18 studies,
33.3%). Additionally, 10 of the included studies had a sam-
ple size of less than 50 (10 of 18 studies, 55.6%). Additional
characteristics can be found in Table 1.

150 duplicates removed

Exclusions with rationale
(n = 465)
Wrong Study Design (n = 279)
Wrong Publication Type (n = 174)
Wrong Population (n = 5)
Non-English Language (n = 5)
Wrong Disease (n = 2)

747 articles returned
Returned
Search <
String
Y
Title
and 597 articles screened
<
Abstract
Screening
—
Y
Full _
Text < 132 articles retained for
Screening data extraction
\J
Data
Extraction 18 articles from which
data were extracted

Exclusions with rationale
(n=114)
Wrong Study Design (n =12)
Study Termination (n = 1)
Outside of United States (n = 101)

Figure 1. Flow diagram of study selection.
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Table 1. Summary of characteristics of included studies (n = 18)*
Studies, n/N (%)

Review characteristics

Sample size
<50 10/18 (55.6)
50-100 4/18 (22.2)
101-150 2/18 (11.1)
151-200 0
201-250 0
251-300 2/18 (11.1)
No. of centers conducting clinical trial
Single center 9/18 (50)
Multicenter 8/18 (44.4)
Funding source
No funding statement provided 0
Private 1/18 (5.6)
Industry 12/18 (66.7)
No funding received 0
Government 3/18 (16.7)
Hospital/university 1/18 (5.6)
Self-funded 0
Type of intervention
Pharmaceutical 12/18 (66.7)
Behavioral 4/18 (22.2)
Supplemental/OTC 0
Surgical/procedural 2/18 (11.1)
Other 0
Clinical trial phase
Phase 1 8/18 (44.4)
Phase 2 4/18 (22.2)
Phase 3 2/18 (11.1)
Phase 4 0
Not reported 4/18 (22.2)
Masking
Single 2/18 (11.1)
Double 9/18 (50)
Triple 0
None 6/18 (33.3)

* Total N does not sum to 18 for all variables due to missing data in
some trial publications. Categories with zero-value entries are
retained for transparency. OTC, over the counter.

Diversity score. Supplementary Table 1 illustrates diversity
ratings that relate to a comparison of SLE prevalence in the
United States and trial representation of prevalent populations.
Male and female representation was rated poor in 12 of 18 studies
(66.7%), all due to underrepresentation of men, and 1 of 18 stud-
ies (5.5%) received a good rating. Eleven of 18 studies (61.1%)
received a poor rating regarding race and ethnicity inclusion, and
the remainder (7 of 18 studies, 38.9%) received a fair rating. No
studies received a good rating regarding race and ethnicity.
No studies reported age band data to be able to assess their
inclusion of older adults.

Forest plot and meta-analysis. The forest plot showing
racial and ethnic prevalence ratio by study (Figure 2) showcases
trends in SLE trial representation. Of the 18 studies, 2 demon-
strated statistically significant underrepresentation of Black,
Asian, or Hispanic populations (2 of 18 studies, 11.1%), whereas
14 of 18 studies (77.8%) demonstrated underrepresentation of

the same populations that was not statistically significant. The dis-
tribution of the White population demonstrated more than half
(10 of 18 studies, 55.6%) with statistically significant overrepre-
sentation, and 4 of 18 studies (22.2%) had overrepresentation
that was not statistically significant. The included studies reported
a distribution of male and female participants that mirrors the
prevalence of SLE in the general population (Figure 3), with 2 of
the total 18 trials (11.1%) falling outside of the 95% confidence
interval range.

DISCUSSION

Our results suggest that the SLE disease population is not
adequately represented in SLE clinical trials in the United States.
Overall, groups from ethnic and racial minorities are underrepre-
sented, whereas White groups were overrepresented. Accurate
representation in clinical trials is crucial for the application of SLE
intervention modalities to the general population, yet few trials have
incorporated a diversity protocol to accommodate this gap in
research. With this being said, we found that not a single trial in
our sample of studies qualified to receive an overall good diversity
rating for race and ethnicity. Of the 18 studies, 15 studies reported
the race and ethnicity of their participants. Regarding Black partici-
pants, only 5 studies received a PDRR rating above 0.8, indicating
that at least 10 studies reported Black participation below the dis-
ease prevalence in the general population. Conversely, regarding
White participants, the majority (14 of 15 studies, 93.3%) received
a PDRR score above 1.2, indicating overrepresentation of White
participants, with 10 of these being statistically significant in the
meta-analysis. Regarding sex, our results demonstrated an appro-
priate distribution of male and female participants relative to the dis-
ease population. Ultimately, our findings suggest that the disease
prevalence of historically marginalized racial and ethnic groups in
the general population was not adequately represented in US-
based clinical trials for SLE interventions.

Our results echo previously reported trends regarding the
underrepresentation of historically marginalized populations in
clinical trial research. Hamel et al'® noted that in cancer research,
low enrollment of historically marginalized populations remains a
problem despite National Institutes of Health requirements to
include historically marginalized participants. Kwiatkowski et al'®
take this idea further, reporting that between 2001 and 2010—
despite revised National Institutes of Health requirements—only
6.2% of clinical trial participants were Black, 3.3% of participants
were Asian, and 2.2% of participants were Hispanic. In a narrative
review of randomized controlled trials published between 1997
and 2017, Falasinnu et al®° reported that although White individ-
uals accounted for only 33% of SLE prevalence, they represented
51% of clinical trial participants; conversely, Black individuals
made up 43% of disease prevalence but only 14% of participants.
Our study found similar disparities, demonstrating that underrep-
resentation remains a persistent issue in recent years despite
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Fanton and Furie et al. 2022
Fanton et al, 2022
Kamen et al. 2022
Hasni etal. 2019
Allen et al. 2021
Hasni etal. 2021
Memill et al. 2023
Furie etal. 2019
Furie et al. 2018
Strand et al. 2019
Scalzi etal. 2018
Kozora etal. 2022
Furie et al. 2022
Khan etal. 2020
Kamen et al. 2022
Hasni et al. 2019
Hasni etal. 2021
Memill et al. 2023
Scalzi et al. 2018
Kozora et al. 2022
Aranow etal. 2021
Dhar etal, 2018
Fanton and Furie et al. 2022
Fanton et al. 2022
Kamen et al. 2022
Hasni et al. 2019
Hasni etal. 2021
Memill et al. 2023
Furie etal. 2019
Furie etal. 2018
Strand et al. 2019
Scalzietal. 2018
Kozora et al. 2022
Furie et al. 2022
Khan et al. 2020
Fanton and Furie et al. 2022
Fanton et al. 2022
Hasni etal. 2019
Hasni etal. 2021
Memill et al. 2023
Furie etal. 2018
Strand et al. 2019
Scalzi etal. 2018
Kezora etal. 2022
Furie et al. 2022

Figure 2. Forest plot of participation-to-disease representation ratios, with 95% confidence intervals (vertical line at one). Values <1 indicate
underrepresentation; values >1 indicate overrepresentation.

growing attention to diversity. We intentionally began our analysis
in 2018 to build on the findings by Falasinnu et a
whether current studies improved demographic inclusivity. Our

and assess

study found that female participants were accurately represented
in SLE trials, but there was significant misrepresentations of
Black, Asian, and Hispanic populations. Although the examples



REPRESENTATION IN SLE CLINICAL TRIALS

1329

Aranow et al. 2021- Female

Dhar et al. 2018- Female

Fanton and Furie et al. 2022- Male -
Fanton and Furie et al. 2022- Female
Fanton et al. 2022- Male

Fanton et al. 2022- Female 4 -

Kamen et al. 2022- Female

Hasni et al. 2019- Female S
Allen et al. 2021- Male & —
Allen et al. 2021- Female ——
Hasni et al. 2021- Male -—
Hasni et al. 2021- Female “—

Merrill et al. 2023- Male 4

Merrill et al. 2023- Female ——
Furie et al. 2019- Female b
Furie et al. 2018- Male 4—
Furie et al. 2018- Female —)—
Strand et al. 2019- Male 4
Strand et al. 2019- Female —)—
Scalzi et al. 2018- Male *r—
Scalzi et al. 2018- Female | —
Kozora et al. 2022- Male ¢—
Kozora et al. 2022- Female —“—
Furie et al. 2022- Male —
Furie etal. 2022- Female y—
Khan et al. 2020- Male -
Khan et al. 2020- Female —p—

Hartmann et al. 2020- Male

Hartmann et al. 2020- Female 44—

-1 1

3 5 7 9 11 13 15 17

Figure 3. Forest plot of participation-to-disease representation ratios, with 95% confidence intervals (vertical line at one). Values <1 indicate

underrepresentation; values >1 indicate overrepresentation.

previously mentioned are not all directly related to SLE, they
underscore the broader issue of racial, ethnic, and sexual misrep-
resentation in clinical trials as a whole.

The underrepresentation of specific demographic groups in
our sample of SLE clinical trials likely stems from a combination
of structural, social, and historical factors. A systematic review
by Ford et al®! identified access-related barriers —such as limited
information, distance from trial sites, inadequate health insurance,

and low awareness of research opportunities—as the most com-
monly reported obstacles to clinical trial participation among mar-
ginalized populations. Religious and spiritual beliefs may also
contribute; for instance, some individuals from historically margin-
alized backgrounds may attribute healing to divine intervention
rather than medical treatment, which can influence their willing-
ness to participate.?? However, if these barriers can be breached,
Wendler et al®® found that individuals from historically
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marginalized populations are just as likely to consent to research
as their White counterparts.

Beyond these contemporary challenges, historically rooted
injustices such as the Tuskegee Syphilis Study and redlining have
created lasting mistrust in the health care system among Black
communities and restricted access to academic medical
centers.®'"2* These factors compound existing socioeconomic
barriers and may partially explain persistent underrepresentation
of racial and ethnic minorities in US-based SLE clinical trials.
These historical influences are not only relevant to trial enrollment
but also play a broader role in shaping the health outcomes of
patients with lupus by perpetuating systemic inequities in diagno-
sis, treatment, and long-term care.

Considering our findings align with the broader literature on
challenges in the involvement of historically marginalized popula-
tions in clinical trials, it is crucial to contemplate actionable steps
for improvement. Studies have shown that providing clinical trials
at outreach clinics would increase access to clinical trials for
lower-income patients residing in rural communities, crossing
the opportunity barrier to reach these populations.?®=2" Further-
more, studies have shown that efforts to increase community-
wide education regarding clinical trials—via physicians, church
groups, and patient advocacy—have proportionately increased
trial participation, as opposed to an approach focused solely on
education.?®? Another study by Advani et al shows that using
nonwritten consent forms and informative aids has increased the
recruitment of historically marginalized populations.?? By adopt-
ing a modified recruitment framework, researchers can develop
tailored strategies to improve participant diversity, ultimately lead-
ing to more robust and generalizable findings that benefit all
patients.

Based on our findings, the aim of future research needs
redirection to focus more on diversifying clinical trial cohorts,
enhancing representation of the disease population. Evaluating
different approaches taken to overcome misrepresentation in
clinical trials will be valuable moving forward. These efforts could
include patient education, outreach clinics, community groups,
and patient advocacy. After effective methodologies and propo-
sitions have been identified, an archive of these efforts should be
assembled and made available to clinical trialists to establish
education and encourage the usage of these successful strate-
gies. With their development and public availability, a step
toward improvement of the PDRR ratio across all clinical trials
will be made, benefiting both SLE research and the disease
population.

Our study contains many strengths. The methodology is
rigorous and reproducible because of our adherence to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines, which allows for transparency and credibility.
We also used OSF as a data-sharing tool to further enhance the
transparency of our study. Materials uploaded to OSF were done
a priori, and any later changes were uploaded as amendments.'®

Another strength of our study is the comprehensive search
strategy of major medical databases employed to include high-
standard peer-reviewed publications. Our screening and extrac-
tion techniques were performed in a masked, duplicate manner
by two independent authors who reconciled disagreements by
discussion to avoid bias, which is the gold standard for meta-
analysis research. Despite our strengths, this study presents sev-
eral limitations, as well. We excluded studies performed outside
the United States as well as studies not in English, which limits
the application of our results in international countries and non-
English speaking populations. By focusing exclusively on clinical
trials conducted in the United States, our study allows for inter-
pretation of underrepresentation trends within the framework of
unique sociopolitical and historical influences on the US health
care system. The study period was limited to 2018 to 2023 to
reflect contemporary trial reporting standards and align with
recent policy developments, including the 2022 US Food and
Drug Administration mandate requiring diversity action plans in
clinical development programs. Older trials may not have been
subject to the same expectations for demographic transparency
or diversity accountability, potentially skewing comparisons with
present-day practices. Although expanding the date range could
have increased the sample size, our focus was on capturing the
most current representation practices.

Additionally, given the limited number of eligible trials within
this time frame, stratified analyses by funding source, intervention
type, or trial phase were not feasible. However, future investiga-
tions with broader temporal scopes or larger data sets may be
better positioned to explore these dimensions and identify pat-
terns relevant to industry-specific practices or trial characteristics.
Although age-specific prevalence estimates for SLE are available
through the CDC-supported lupus registries and the Indian
Health Service, their integration into our analysis was limited by
inconsistent reporting of age data across trials. Many studies did
not provide participant age bands or reported only mean values
without adequate distribution details. As a result, we were unable
to generate reliable age-specific PDRR values. Future studies
may be able to incorporate this metric if standardized age report-
ing becomes more common across clinical trials. Despite our
careful search and extraction methods, it is possible that some
relevant studies were not captured in our search or that data
errors occurred. Future studies should address these limitations
by including international studies and studies on non-English
speaking populations. By including these more diverse sources,
a more detailed examination of diversity scores could be
obtained.

The findings of this study shed light on how the SLE disease
population is inaccurately represented in clinical trials conducted
in the US, highlighting the inadequate inclusion of people from
Black, Asian, and Hispanic and Latino backgrounds and the dis-
proportionate overrepresentation of White participants. Without
accurate participant representation of the disease population,
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these trials are not generalizable to the general SLE populace.
Future studies should employ novel and intentional improve-
ments to protocol and methods to ensure more inclusive results,
which would, in turn, provide improved interventional strategies
for SLE.
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Carpal Tunnel Syndrome as an Early Underrecognized
Feature of Rheumatoid Arthritis: A Population-Based Study
of Carpal Tunnel Syndrome Occurrence Before and After
Rheumatoid Arthritis Incidence

Roslin Jose George, Noah Frechette, Manuela Oviedo, Igra Javed, Sara J. Achenbach, Ryan J. Lennon,
Bradley Alex Kimbrough, Elena K. Joerns, Vanessa L. Kronzer, "=/ Anne Gingery, "=/ John M. Davis Il
Cynthia S. Crowson, " and Elena Myasoedova

Objective. We aimed to assess the occurrence of carpal tunnel syndrome (CTS) before and after rheumatoid arthri-
tis (RA) incidence and by serologic status.

Methods. This population-based study included residents of a geographically defined area meeting the 1987
American College of Rheumatology classification criteria for RA in 1980 to 2019 matched 1:1 with individuals without
RA. At least two diagnosis codes >30 days apart were used to identify CTS. Cumulative incidence of CTS adjusting
for competing risk of death was assessed. Logistic regression and Cox proportional hazard models were used, adjust-
ing for age, sex, calendar year, smoking, obesity, diabetes mellitus, and hypothyroidism.

Results. We included 1,335 patients with RA and 1,331 individuals without RA. The overall prevalence of CTS
before or on RA incidence or index was 179 patients with RA (13%) and 85 individuals without RA (6%), respectively
(odds ratio [OR] 2.23; 95% confidence interval [Cl] 1.69-2.94). Most previous incidences of CTS occurred >2 years
before the index date (112 events in patients with RA and 75 events in individuals without RA, respectively). Following
RA incidence or index, individuals with RA (vs those without RA) had ~80%-higher risk of CTS (hazard ratio [HR] 1.78;
95% CI11.38-2.30). The risk estimates of CTS in patients with seronegative (vs seropositive) RA were OR 1.33 (95% CI
0.96-1.84) before RA incidence and HR 1.37 (95% CI 0.99-1.88) after RA incidence. In RA, obesity (HR 1.42, 95% CI
1.02-1.99) and seronegative cyclic citrullinated peptide antibody status (HR 1.79, 95% CI 1.07-2.99), but not other risk
factors, were associated with increased CTS risk.

Conclusion. We found a more than two-fold increase in risk of CTS in the years preceding RA and a 1.8-fold

increased risk of incident CTS following RA onset.
INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common peripheral
nerve entrapment syndrome, with multifactorial etiology and an esti-
mated prevalence of approximately’ 1% to 5%. Characterized by
progressive fibrosis of the subsynovial connective tissue, resulting
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in compression or entrapment of the median nerve, CTS is more
prevalent among the middle aged to older adult population and
impacts twice as many women as men.2™ CTS is associated with
several chronic conditions (eg, hypothyroidism, diabetes mellitus
[DM]).>" Among the various risk factors, inflammatory processes
have also been associated with the pathology and severity of CTS.8°
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SIGNIFICANCE & INNOVATIONS

+ In this study, patients with rheumatoid arthritis
(RA) (vs those without RA) were two times more
likely to develop carpal tunnel syndrome (CTS) in
the years preceding the RA index date.

+ Obesity and the absence of cyclic citrullinated pep-
tide antibodies increased the risk of CTS in RA.

+ Our findings highlight the potential utility of CTS as
an early marker of “at risk of RA,” including for sero-
negative RA, in which diagnosis has been histori-
cally delayed.

Because systemic inflammation is the hallmark of rheuma-
toid arthritis (RA), prolonged inflammatory processes affecting
the anatomy of the carpal tunnel have been associated with the
development of CTS in RA."®'" In addition to CTS, RA is associ-
ated with several other compression neuropathies such as tarsal
tunnel syndrome, cubital tunnel syndrome, and Guyon canal syn-
drome; however, CTS is the most prevalent neuropathy in RA.'2
Previous small cross-sectional observational studies have identi-
fied various risk factors for CTS in patients with RA. These include
longer disease duration, symptom severity, history of DM, and
positive serologies of rheumatoid factor (RF) and anti—cyclic citrul-
linated peptide (CCP).'314

Although there are several cross-sectional studies on the
incidence of CTS in patients with RA,'"'3'* CTS occurrence
before RA diagnosis and as a potential sign of early RA is not well
understood. This is because longitudinal clinical data before RA
diagnosis are rarely available through registry and billing claims
data sets. In addition, serologic status in RA and its potential con-
nection to CTS has not been explored in population-based longi-
tudinal cohorts. We aimed to assess the occurrence of CTS
before and after RA incidence and by serologic status compared
to individuals without RA. We hypothesized that CTS is more
common both before and after RA disease onset, compared to
the general population, and the risk is higher in seropositive
patients with RA.

MATERIALS AND METHODS

Study design and population. This population-based
study included residents of Olmsted County, Minnesota, using
the Rochester Epidemiology Project (REP). REP is a records-
linkage system with more than half a century of detailed longitu-
dinal information on individuals from Olmsted and surrounding
counties in Minnesota, USA.'® Started in 1966, the REP links
data from different institutions using various electronic health
records, providing comprehensive demographic, social, and
medical information of more than half a milion unique
individuals.'®

Measures and outcome definitions. This study
included individuals 18 years and older who met the 1987 Ameri-
can College of Rheumatology (ACR) classification criteria for RA
between 1980 and 2019."" Patients with RA were matched 1:1
with individuals without RA by age, sex, and RA incidence or
index year (further referred to as the “index date”). All individuals
were observed until death, migration, or December 31, 2023.
Data were abstracted by trained nurse abstractors and research
trainees or fellows (RJG, NF, and IJ) who were masked to the
study protocol and hypothesis. Sociodemographic information
was collected for individuals with and without RA. DM and hypo-
thyroidism were both defined by having at least two International
Classification of Diseases, Ninth Revision (IDC-9) or Tenth Revi-
sion (ICD-10) codes for the diagnosis of interest at least 30 days
apart from an electronic data pull.

The Charlson Comorbidity Index (CCl) was defined at the RA
index date using diagnostic codes during the five years of previ-
ous medical history. The rheumatologic component of the CCl
was excluded to ensure comparability between the cohorts.

For patients with RA, seropositivity was defined as positivity
for RF and/or anti-CCP antibodies up to one year following the
date RA criteria was met; patients without RF and CCP antibodies
were considered seronegative. If the information on serostatus
was not available, it was reported as missing data. We additionally
collected data on the following RA disease characteristics: ero-
sions or destructive joint changes on radiographs of hands and
feet, large joint swelling, joint surgeries, and extraarticular
manifestations, as previously described.'® Information on anti-
rheumatic medications, that is, conventional and synthetic
disease-modifying antirheumatic drugs (DMARDs), biologic
DMARDs, and glucocorticoids, was also gathered for individuals
with RA.

CTS ascertainment: Incident CTS was defined as the pres-
ence of at least two ICD-9 or ICD-10 codes for CTS at least
30 days apart. Carpal tunnel release surgery was defined as the
presence of one electronic procedure code. Carpal tunnel injec-
tions were defined as the presence of one Current Procedural
Terminology (CPT) code (CPT = 20526): “Injection, Therapeutic
(eg, local anesthetic, corticosteroid), Carpal Tunnel.”

The study adhered to the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines for observa-
tional studies'® and assents to the Declaration of Helinski. The
analysis was approved by the institutional review boards (IRBs)
of the Mayo Clinic (IRB no. 17-002593) and Olmsted Medical
Center (IRB no. 017-OMC-17). Per Minnesota law, patients who
declined research authorization for their medical records were
not included in the analysis. The need for informed consent was
waived.

Statistical analysis. The data were summarized using
descriptive statistics. Logistic regression models were used to
examine the association with CTS before RA diagnosis using a
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case-control study design with (1) RA and (2) seronegativity in
patients with RA as outcome measures. Cox proportional hazard
models were used to compare the occurrence of CTS after RA
the index date in a cohort study design among (1) patients with
RA and without RA and (2) patients with RA who are seronegative
versus seropositive. The models were adjusted for age, sex, cal-
endar year, smoking, obesity, DM, and hypothyroidism. Cumula-
tive incidence of CTS adjusting for competing risk of death was
estimated. Individuals with CTS before index date were excluded
from Cox models and cumulative incidence analyses. Analyses
were performed using SAS version 9.4 (SAS Institute) and R ver-
sion 4.2.2 (R Foundation for Statistical Computing).

RESULTS

We included 1,335 patients with RA (mean age 56.1 years,
69% female, 63% with RF or CCP seropositivity) and 1,331 indi-
viduals without RA. The mean medical history before the index
date was 31.8 years in both cohorts. Descriptive statistics of the
two groups are summarized in Table 1.

The overall prevalence of CTS at any time before or on the
index date was 179 patients with RA (13%) compared to

85 individuals without RA (6%) (odds ratio [OR] 2.23; 95% confi-
dence interval [Cl] 1.69-2.94). Most previous incidences of CTS
occurred at least two years before the index date (112 events in
patients with RA and 75 events in individuals without RA). The
plots in Figure 1 show that until approximately five years before
the index date, the RA and non-RA cohorts had a similar known
prevalence of CTS. Within five years of the index date, the differ-
ence in prevalence widened as the prevalence increased more
sharply in the RA cohort (Figure 1). As seen from Supplementary
Figure 1, medical and surgical data were available in >50% of indi-
viduals between 30 and 20 years preceding the index date, and in
>75% of patients over the 20 years preceding the index date.
Among patients with RA, CTS before RA incidence was
somewhat more common in RF- or CCP-negative (76 patients,
15%) than CCP-positive (103 patients, 12%), but this difference
was not statistically significant (OR 1.33; 95% Cl 0.96-1.84).
Before or on the index date, 126 patients with RA (9%) had under-
gone carpal tunnel release surgery or carpal tunnel injection, com-
pared to 50 individuals without RA (4%) (P < 0.001). Of them,
109 patients (8%) with RA had undergone carpal tunnel
release surgery, compared to 47 individuals without RA (4%)
(P < 0.001), and 38 patients with RA (3%) had undergone carpal

Table 1. Characteristics of patients with RA and individuals without RA*

Characteristics RA (n = 1,335) Non-RA (n = 1,331)
Age, mean (SD), y 56.1(15.6) 56.1(15.6)
Female, n/N (%) 917 (69) 914 (69)

Race, n/N (%)
White (not Hispanic)
Not White
BMI
Baseline BMI, mean (SD)
Obesity (BMI >30), n/N (%)
Smoking status, n/N (%)
Current
Former
Never
Comorbidities, n/N (%)
Diabetes mellitus
Hypothyroidism
RA disease characteristics at RA incidence, n/N (%)
RF positivity
Anti-CCP positivity
RF/anti-CCP positive

Erosions/destructive joint changes on radiographs, n/N (%)

Large joint swelling, n/N (%)
Severe Extraarticular manifestations, n/N (%)
ESR, median (IQR), mm/hr
ESR at RA incidence
Highest ESR within the first year of meeting criteria
CTS,” n/N (%)
Carpal tunnel release surgery,® n/N (%)
Carpal tunnel injection,” n/N (%)
Years of previous medical history, mean (SD)

1,206/1,324 (91)
118/1,324 (9)

1,198/1,305 (92)
107/1,305 (8)

28.7 (6.7)
467/1,335 (35)

264/1,335 (20)
435/1,335(33)
636/1,335 (48)

134/1,335 (10)
198/1,335 (15)

749/1,318 (57)
333/668 (50)
833/1,329 (63)
346/1,335 (26)
798/1,335 (60)
67/1,335(5)
19.0 (8-35)
26.0 (12-43)
179/1,335(13)
109/1,335 (8)
38/1,335(3)
31.8(17.3)

284 (6.5)
411/1,310 (31)

209/1,330(16)
384/1,330 (29)
737/1,330 (55)

128/1,331 (10)°
162/1,331 (12)

85/1,331 (6)
47/1,331 (4)
6/1,331 (<1)
31.8(16.7)

* anti-CCP, anti-cyclic citrullinated antibody; BMI, body mass index; CTS, carpal tunnel syndrome;
ESR, erythrocyte sedimentation rate; IQR, interquartile range; RA, rheumatoid arthritis; RF, rheumatoid factor.

@ The comparators matched to more recent patients with RA did not have chart review done.
P CTS, CTS release surgery, and carpal tunnel injection before the index date.
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Figure 1. Summary statistics of timing of carpal tunnel syndrome (CTS) and CTS release surgery before the index date in individuals with RA and

individuals without RA. The mean medical history before the index date was 31.8 years in the RA cohort and 31.8 years in the non-RA cohort. The
plots show the percent of the cohort at yearly intervals before the index date who were known to have two previous diagnoses of CTS (solid lines)
or carpal tunnel release (dashed lines). C.T., carpal tunnel; Dx, diagnosis; RA, rheumatoid arthritis.

tunnel injection, compared to 6 individuals without RA (<1%)
(P < 0.001).

During median follow-ups of 12.8 and 13.8 years in RA and
non-RA groups, respectively, 154 patients with RA and 102 indi-
viduals without RA developed CTS among those who did not
have CTS before the index date. The cumulative incidence of
CTS was 9.6% (95% Cl 7.9-11.5%) at 10 years after the
index date among patients with RA compared to 4.5% (95% CI
3.4-5.8%) among those without RA (Figure 2). Individuals with

RA were 78% more likely to develop CTS, when compared to
those without RA (hazard ratio [HR] 1.78, 95% CI 1.38-2.30).
We found a 36% increase in CTS after RA incidence in
patients with seronegative versus seropositive RA, although the
difference did not reach statistical significance (HR 1.36, 95% Cl
0.99-1.88). We further assessed for risk factors associated with
CTS in patients with RA adjusting for important confounders
(Table 2). We found an increase in CTS in people with RA who
were obese (HR 1.42, 95% Cl 1.02-1.99) and seronegative for
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Figure 2. Cumulative incidence of carpal tunnel syndrome (CTS) in patients with RA adjusted for competing risk of death. The cumulative inci-
dence of CTS was 9.6% (95% confidence interval [Cl] 7.9-11.5%) at 10 years after index date among patients with RA compared to 4.5%

(95% ClI 3.4-5.8%) among those without RA. RA, rheumatoid arthritis.
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Table 2. Predictors of carpal tunnel syndrome in patients with RA*

Parameter Total (event) HR (95% Cl)?

Age at index per 10-y 1,156 (154) 0.99 (0.89-1.11)
increase, y

Female 1,156 (154) 1.44 (0.99-2.10)

Year RA criteria was met per 1,156 (154) 1.01(0.93-1.11)
5-y increase

Race (White) 1,145 (152) 2.36 (1.03-5.38)

More than a high school 1,099 (148) 1.13(0.79-1.61)
education

Former smoker 1,156 (154) 1.25 (0.88-1.80)

Current smoker 1,156 (154) 0.90(0.57-1.43)

BMI per kag/m2 increase at 1,156 (154) 1.22 (1.09-1.38)
index date

Obese (BMI >30) at baseline 1,156 (154) 1.42 (1.02-1.99)

RF negativity 1,141 (154) 1.37 (1.00-1.89)

Anti-CCP negativity 558 (66) 1.79 (1.07-2.99)

RF/anti-CCP negativity 1,150 (154) 1.36 (0.99-1.88)

Baseline ESR per 5-unit 1,125 (148) 0.96 (0.91-1.00)
increase, mm/hr

Highest ESR per 5-unit 1,108 (147) 0.97 (0.94-1.01)
increase,® mm/hr

Charlson comorbidity index 1,156 (154) 1.00(0.88-1.12)

Radiographic erosions or 1,156 (138) 1.36 (0.95-1.95)
destructive changes®

Rheumatoid nodules® 1,156 (138) 1.23(0.81-1.88)

Large joint swelling® 1,156 (138) 1.12 (0.76-1.64)

Severe extra-articular 1,156 (138) 1.36(0.75-2.47)
manifestations of RA®

Count of different DMARD/ 1,156 (138) 1.10(0.97-1.26)

biologic RA medications®

* Statistically significant associations are shown in bold. anti-CCP,
anti-cyclic citrullinated peptide antibody; BMI, body mass index; Cl,
confidence interval; DMARD, disease-modifying antirheumatic drug;
ESR, erythrocyte sedimentation rate; HR, hazard ratio; RA, rheuma-
toid arthritis; RF, rheumatoid factor.

@ Adjusted for age, sex, calendar year, smoking, obesity, diabetes
mellitus, and hypothyroidism.

P within the first year of meeting criteria.

¢ Time-dependent variables.

CCP antibodies (HR 1.79, 95% CI 1.07-2.99). The associations
with other risk factors were not statistically significant.

Following index date, patients with RA were two times more
likely to undergo carpal tunnel release surgery or carpal tunnel
injection compared to individuals without RA (HR 2.23, 95% CI
1.66-3.02). Among patients with RA, we found a statistically sig-
nificant 50% increase in the incidence of carpal tunnel release sur-
gery or carpal tunnel injection in patients with seronegative RA
versus seropositive RA (HR 1.50, 95% CI 1.06-2.13).

DISCUSSION

This population-based study, leveraging more than 30 years
of medical and surgical history before RA index date, evaluated
occurrence of CTS and carpal tunnel release surgeries before
and after the index date in individuals with versus without
RA and by serostatus. We found that patients with RA were
approximately twice as likely to be diagnosed with CTS any time
before or on the index date compared to individuals without

RA. Specifically, within the five years preceding the index date,
CTS was more common in patients with RA than in individuals
without RA, with a prevalence gap increasing toward the date of
RA incidence. We also found increased rates of CTS-related inter-
ventions (ie, carpal tunnel release surgery or carpal tunnel injec-
tion) in patients with RA before the index date.

These major and significant findings of increased occurrence
and surgical treatment of CTS years before the onset of RA indi-
cate that CTS could be an early manifestation of RA or a compo-
nent of “at risk of RA” state, rather than only a potential
complication following RA onset, as previously suggested.2°-22
During a comprehensive literature search, we identified 13 previ-
ously published studies of CTS in RA (Supplementary Table 1).
Among these previous studies, only four studies evaluated CTS
before RA onset, and there was some inconsistency in findings.
A case-control study from the UK Clinical Practice Research
Datalink found that patients with RA had significantly increased
medical consultations for CTS in the two years before RA onset
compared to controls.?® Concordantly, a population-based study
with a database of 500 general practices from The Netherlands
reported increased utilization of primary care services for
musculoskeletal symptoms and CTS in the 1.5 years before RA
diagnosis.2* However, another study from The Netherlands retro-
spectively evaluating a group of consequent patients with CTS
from two hospital-based cohorts between 1990 and 2000 found
that CTS was rarely a presenting symptom or predictor of con-
nective tissue diseases such as RA, which contradicts our find-
ing.2® Albeit, this study had a smaller sample size, shorter
duration of follow-up, and no comparison group (Supplementary
Table 1: de Rik et al*®). Another recent single-center study from
Japan reported that patients with a previous diagnosis of CTS at
the time of RA diagnosis had distinct characteristics (old age,
female sex, and negative anti-CCP antibodies) compared to the
non-CTS group and underscored the need for increased vigilance
for RA in patients with CTS; however, there were no men in the
CTS group, and the median age of both groups were in the older
age category (73 years for the CTS group and 64 years for the
non-CTS group).2®

In this study, carpal tunnel release surgery and carpal tunnel
injection were significantly more common among individuals with
RA before or on the index date. Carpal tunnel release surgery, in
which the transverse carpal ligament is cut to relieve pressure on
the median nerve, is performed in more severe and persistent
CTS cases.® The risk of carpal tunnel release surgery in years pre-
ceding RA incidence has not been previously studied in
population-based cohorts. A previous study found that, among
those who underwent carpal tunnel release surgery, patients with
diagnosed RA had an increased risk of undergoing additional
revision carpal tunnel release.?” However, another study from
Olmsted County reported decreased risk of reintervention and
surgery in patients with RA who had undergone previous gluco-
corticoid injection treatment for CTS.28 Although these previous
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studies focused on carpal tunnel release surgery after RA diagno-
sis, our findings of the likelihood of carpal tunnel release surgery or
carpal tunnel injection preceding index date extend these results
and suggest a more severe and persistent presentation of CTS
not only in patients with diagnosed RA but also in the years before
the index date as compared to the general population.

Secondly, concordant with previous small (<100 patients
with RA), cross-sectional and retrospective, hospital-based stud-
ies, we found CTS to be more likely to occur in individuals with RA
following the index date.®2%?° A recent two-sample Mendelian
randomization study using data from genome-wide association
studies of CTS and RA established that a genetic susceptibility
to RA could increase the likelihood of CTS; however, they found
no causal relationship between CTS and increased risk of RA.%°
Nevertheless, not all studies agree with our findings; a retrospec-
tive cohort study found no difference in the prevalence of CTS
between patients with RA and the general population.®" However,
the study had 176 patients from a referral center, with only
approximately 55% of patients participating in the long-term
follow-up and no comparison group from the same population
(Supplementary Table 1: Lee et a®").

A third important finding of this study was that CTS tended to
occur more likely before and after the onset of seronegative RA
compared with seropositive RA, although these associations
were not statistically significant. Patients with seronegative RA
were found to be significantly more likely to have had previous
carpal tunnel release surgery or carpal tunnel injection, suggesting
potentially greater severity of CTS in patients with seronegative
versus seropositive RA. Furthermore, in our study, being negative
for CCP antibodies was associated with an increased risk of CTS
in RA, adjusting for age, sex, calendar year, smoking, obesity,
DM, and hypothyroidism. Similar to our findings, a recent small
study from Japan found that patients with RA with CTS versus
those without CTS at the time of diagnosis were characterized
by negative anti-CCP antibodies; however, there were only a few
cases of CTS in this study (n = 12), and all of them occurred in
older adult women, thus the generalizability of their findings is lim-
ited and the findings of this study and our study cannot be directly
compared.?®

Nonetheless, several previous studies have found that RF
and anti-CCP positivity was more prevalent in patients with
RA with CTS when compared to patients with RA without
CTS," %29 possibly aligning with the general impression of a
higher disease activity and severity in seropositive versus sero-
negative RA. This contrasts with our finding that patients with
seronegative RA had slightly higher CTS prevalence, which per-
sisted even after adjusting for age, sex, smoking, obesity, DM,
and hypothyroidism and contrasts with our hypothesis that sero-
positive RA is more likely to associate with CTS than seronegative
RA. Possible explanations for the discrepancy include consider-
ably smaller sample sizes over shorter time periods in the previous
studies. In addition, the gestalt of lower RA disease activity in

seronegative versus seropositive RA has been recently debated,
and some studies have shown that patients with seronegative
RA have higher disease activity at the time of RA onset and a
lower chance for remission attainment after RA onset, in part
due to the delayed diagnosis and delayed initiation of
DMARDs.**® Moreover, the ACR/EULAR 2010 classification cri-
teria lack sensitivity in identifying seronegative RA,**3® which can
potentially lead to underreporting of seronegative RA in the stud-
ies and delays in identification of seronegative RA in the clinical
practice. Our finding of slightly higher risk of CTS and carpal tun-
nel release surgery or carpal tunnel injection in seronegative RA
further underscores that seronegative RA status does not always
imply a milder disease and warrants early diagnosis and manage-
ment, with CTS being a potential early “at risk for RA” clinical
feature.

Among the predictors for CTS in patients with RA, apart
from seronegative status for CCP antibodies, we found that a
higher body mass index and obesity were associated with an
increased risk of CTS (adjusted for age, sex, calendar year,
smoking, obesity, DM, and hypothyroidism). Obesity and meta-
bolic syndrome have previously been associated with increased
risk and severity of CTS.%67%8 When considering other factors
such as the relationship between smoking and CTS, previous
studies have found conflicting evidence on the risk of CTS
among smokers.>>° Our study did not find an increased risk
of CTS among patients with RA who are current or former
smokers. Additional factors such as RA severity and RA medica-
tion use were not statistically significant risk factors for CTS
among patients with RA in our study.

Our study also found that the prevalence of CTS was high-
est during the 2000 to 2009 decade. This may be attributed to
improved diagnosis and identification methods during this
decade compared to the previous two decades. Although ser-
ostatus was not a significant risk factor for CTS, the occurrence
of CTS tended to be higher in seronegative patients. This could
have played a role in the increase in CTS cases in recent years,
as the incidence of seronegative RA has also increased in recent
years.*142

This study’s findings have multiple practical implications,
including that individuals diagnosed with CTS should have
increased awareness for RA risk. ldentifying possible warning
signs of RA is important because early diagnosis and treatment
improves the chances of remission and can reduce the risk of joint
damage and disability.*® Thus, increased vigilance is needed
in individuals with CTS regarding the risk of developing
RA. Referral to a rheumatologist can be considered, particularly
in persistent and severe forms of CTS (eg, patients requiring car-
pal tunnel release surgery), that are not otherwise explained by
traditional risk factors (eg, obesity, hypothyroidism, DM) and
regardless of serostatus. Recognizing CTS as potential early fea-
ture of RA can be particularly helpful in facilitating earlier evaluation
and care in individuals with seronegative RA who are at a higher
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risk of delayed diagnosis and treatment compared to those with
seropositive RA.%2

Strengths of this study include the availability of complete
records of patients with RA and CTS with data before and after
index dates. The availability of more than 30 years of comprehen-
sive health care data before the RA index date through the REP
provided information on all clinical encounters with any provider
for each patient, thus uniquely strengthening our study. The
population-based cohort study design with long and complete
follow-up of patients with RA and comparators without RA across
four decades (1980-2019) further strengthens the study and pro-
vides real-world evidence on occurrence of CTS.

This study has several limitations. The data used to conduct
this study were from Olmsted County and surrounding counties
in Minnesota, USA, that are predominantly White. Therefore, the
findings may not be representative of larger, more diverse popula-
tions, and hence limit the generalizability of our study. In this
study, we used code-based definitions for CTS ascertainment.
As patients with milder CTS may not be seeking medical care,
there is potential for health care utilization bias. Additionally, we
did not collect information on unilateral versus bilateral CTS during
record review and information on swollen and tender joint counts,
which may have provided a better understanding of CTS severity
and its association with RA (ie, in cases with bilateral involvement,
higher joint count score). Future studies involving a larger, more
diverse population would help our understanding of the relation-
ship between CTS and RA and could inform risk stratification
and earlier treatment for patients.

Our study shows that CTS was two-fold more common in
individuals with RA (vs individuals without RA) two years or
more before the index date, suggesting that it can be an early
underrecognized clinical feature of RA disease continuum, in
other words, an “at risk of RA” state. The incidence of CTS after
index date is significantly higher in patients with RA versus con-
trols without RA. Obesity and seronegative CCP antibodies sta-
tus increased the risk of CTS in RA. Carpal tunnel release
surgery or carpal tunnel injection were more likely in individuals
with RA (vs individuals without RA) both before and after the
index date. These findings suggest the need for increased
awareness of heightened risk of RA in patients with persistent
CTS and consideration for rheumatology referral in patients at
risk of RA with CTS that is not explained by traditional risk
factors.
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Predicting the Impact of Air Quality Index on Rheumatoid
Arthritis Disease Activity
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Objective. This study explored the relationship between air pollution and rheumatoid arthritis (RA), focusing on how
specific air quality components affect RA disease activity as measured by the Disease Activity Score in 28 joints
(DAS28).

Methods. The research involved data that were obtained from six air-monitoring stations across Kuwait, and infor-
mation on patients with RA was obtained from the Kuwait Registry for Rheumatic Diseases. This study analyzed the
impact of pollutants such as sulfur dioxide, nitrogen dioxide (NO.), ozone (Os3), particulate matter with a diameter of
10 micrometers or less, nitrogen oxide, and carbon monoxide on the DAS28.

Results. The results highlighted that NO, and Oz were the most significant Air Quality Index components
influencing DAS28 scores. NO, had a lag effect of two months (P < 0.01, effect score = 0.43), whereas O3 exhibited
a lag effect of three months (P < 0.05, effect score = 0.31), both correlating with increased RA disease activity. The
study used a Vector Error Correction Model and cointegration analysis to examine short- and long-term associa-
tions between predicted and actual DAS28 scores was adjusted over the following year using air quality index,
indicating that strong long-term cointegration with the error correction term was negative and significant (-0.54,
P < 0.001).

Conclusion. These findings emphasize the importance of air quality management in mitigating the impact of envi-
ronmental factors on RA, suggesting that exposure to elevated levels of NO, and O3 beyond regulatory standards
could exacerbate RA symptoms. This study provides a foundation for future public health interventions aimed at

improving disease prognosis in patients with RA by addressing environmental factors, such as air pollution.

INTRODUCTION

Numerous researchers have extensively examined the
effects of ambient air pollution on human health."? Studies have
shown the impact of air pollution on the development of several
ailments including respiratory disorders, cardiovascular diseases,
and cancer.® Air pollution, even at low levels, may aggravate or
even cause a host of respiratory and other ailments such as dia-
betes, asthma, bronchitis, rheumatoid arthritis (RA), and chronic
obstructive pulmonary disease. Public health has been con-
cerned about the health effects of air pollution exposure for
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approximately 700 years.* The majority of studies on pollutants
in the air and case studies related to health research have con-
centrated on the effects of short-term, brief exposure as opposed
to long-term, prolonged exposure.

RA is a chronic autoimmune iliness characterized by continu-
ous joint inflammation that may lead to pain, swelling, and joint
damage. Numerous environmental, genetic, and immunologic
factors are involved in the complex pathophysiology of RA.° Air
pollution is one element that could affect how severe and when
RA develops.® Research has shown that exposure to air pollut-
ants such as nitric oxide (NO), particulate matter with a diameter
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SIGNIFICANCE & INNOVATIONS

+ The significance of this study lies in its novel explo-
ration of the relationship between air quality and
rheumatoid arthritis (RA) disease activity in Kuwait.
By leveraging data from air quality monitoring sta-
tions and the Kuwait Registry for Rheumatic Dis-
eases, the study provides critical insights into how
specific air pollutants such as nitrogen dioxide and
ozone influence the Disease Activity Score in
patients with RA.

« The innovative use of multivariate time-series mod-
els, particularly the Vector Error Correction Model,
enables the examination of both the short- and
long-term effects of air pollution on RA disease
activity.

+ This research fills a significant gap in understanding
the environmental triggers of RA, offering valuable
public health implications for treating patients with
RA in regions with high pollution levels.

+ These findings highlight the importance of regulat-
ing air pollution to improve disease outcomes and
provide a foundation for future research and public
health interventions aimed at mitigating the impact
of environmental factors on RA.

of 2.5 micrometers or less (PM, s), and nitrogen dioxide (NO,) is
positively associated with an elevated risk of RA.° Additionally,
studies have shown a possible link between the elevated risk of
RA and certain air pollutants connected to transportation and
home heating sources.” Additionally, cohort studies that included
the general public have shown that air pollution might exacerbate
autoimmune disorders, such as RA.2 Several epidemiologic stud-
ies have examined the association between air pollution and
RA. These include the Nurses’ Health Study in the United States,
British Columbian Study in Canada, and Swedish Epidemiological
Investigation of Rheumatoid Arthritis.? There may be a connection
between RA and air pollution, and this research has helped us
understand it better.

One common way to measure air pollution is via the Air
Quality Index (AQY). The list of dangerous pollutants it contains
includes ozone (Osg), sulfur dioxide (SO,), NO,, PM;g, carbon
monoxide (CO), and NO. It is well recognized that these pollutants
have several harmful effects on human health, especially on the
cardiovascular and pulmonary systems. According to recent
studies, autoimmune diseases such as BRA may potentially be
affected by air pollution. Increased systemic inflammation has
been linked to prolonged exposure to high levels of air pollutants,
which may initiate or exacerbate autoimmune reactions, such as
those observed in RA. However, how air pollution affects RA
remains unclear.

Significant morbidity, early death, and symmetrical inflamma-
tory polyarthritis are the outcomes of RA, a chronic multisystem
disease of unclear origin.’® In Kuwait, the frequency of RA is

approximately 1%, similar to that reported in other nations.™
However, Kuwait and other countries in the Middle East have lim-
ited descriptive data on patients with RA."?

According to several studies, exposure to air pollution
increases the risk of developing RA."® Additionally, epidemiologic
data indicate a robust correlation between exposure to environ-
mental pollution components, such as noise, dioxin, cigarette
smoke, and traffic-related air pollution, and the risk of RA.'416
Air pollutants are believed to aggravate the disease and affect
RA symptoms.

This study aimed to assess the impact of key air pollutants —
NO,, SO,, Oz, NO, PM;q, and CO—on Disease Activity Score in
28 joints (DAS28) scores among patients with RA in Kuwait, using
both short- and long-term perspectives. By integrating data from
the Kuwait Registry for Rheumatic Diseases (KRRD) with air qual-
ity data from six monitoring stations, this study provides a com-
prehensive analysis of environmental influences on RA. As the
first study of its kind in Kuwait, it applied advanced multivariate
time-series methods, including cointegration analysis and Vector
Error Correction Model (VECM), offering novel insights into how
air pollution affects RA disease activity over time.

MATERIALS AND METHODS

AQI measurement. The AQI changes from one nation to
another, and from one pollutant to another. The recommended
AQ)l incorporates five pollutants (CO, NO,, SO,, PM;g, and Oy)
for which short-term (24-hour average period limit) National Ambi-
ent Air Quality Standards have been set. To account for the
known environmental concentrations, applicable limits, and
expected health impacts, we divided each of these pollutants into
its own subindex. In this study, the AQI for the State of Kuwait was
used, following the definition provided by Al-Shayji et al.'”

Air quality data set. This study used air quality data from
six long-standing monitoring stations established by the Kuwait
Environmental Public Authority (K-EPA), each strategically located
across different regions of the country, to ensure comprehensive
environmental coverage. The selected stations included Al-
Fahaheel, Al-Mansouriya, Al-dahra, Al-Rumaithiya, Al-Ahmadi,
and Al-Salam (see Supplementary Figure 1). These permanent
stations, part of a larger national network initiated in 1984, were
equipped to automatically record and store hourly data on various
pollutants, which were aggregated into daily averages for the pur-
pose of this research. Data were sourced from the Environmental
Monitoring Information System of Kuwait and spanned from
January 2012 to December 2023. Positioned mainly in residential
areas, these stations monitor both anthropogenic and natural
sources of pollution, thereby providing a robust foundation for
assessing long-term environmental exposure and its potential
health impacts.
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RA data collection. The KRRD is a comprehensive
national registry that collects clinical data on patients with rheu-
matic diseases across Kuwait. KRRD supplied the data on
patients with RA. Patients diagnosed with RA who meet the spe-
cific requirements established by the American College of Rheu-
matology have their medical information included in the KRRD.'®
This study investigated data from 4,459 follow-up visits and
1,526 patients with RA who were enrolled in the KRRD between
January 1, 2012, and December 30, 2023.

DAS28 calculation formula. DAS28 is a clinical measure
used to assess RA disease activity by evaluating 28 joints for ten-
derness and swelling (see Supplementary Figure 2), along with
markers of inflammation and patient-reported health. It combines
four components as markers of inflammation: tender joint count,
swollen joint count, erythrocyte sedimentation rate (ESR), and
C-Reactive Protein (CRP), and the Patient Global Health Assess-
ment rated on a visual analog scale. The DAS28 score was calcu-
lated using established formulas that vary depending on whether
ESR or CRP is used. It serves as a standard tool in both clinical
practice and research for tracking RA progression and assessing
treatment responses.

Linkage between AQI and RA data. To examine the
relationship between air pollution and RA disease activity, AQI
data were merged with patient records from the KRRD based
on date and residential location, aligning each patient with the
nearest monitoring station (Supplementary Figure 3). This
spatial-temporal matching is essential for accurately assessing
environmental exposure. The integration and analysis of these
large data sets were conducted using R and Python, with R Stu-
dio (version 1.1.463) used for statistical analysis, and Python for
data integration and geospatial processing. This approach
ensured a precise link between air quality and RA disease
activity data.

Time series and cointegration procedures. To exam-
ine the dynamic relationship between the air pollution compo-
nents and RA disease activity, a structured time-series
econometric procedure was implemented. This multistep pro-
cess includes unit root testing, lag length selection, cointegra-
tion analysis, and eventual modeling using the VECM. The
analysis began by assessing the stationarity of each variable
through standard unit root tests, such as the Augmented
Dickey-Fuller (ADF), modified ADF-generalized least squares
(GLS), and Kwiatkowski—Phillips—Schmidt-Shin (KPSS) tests.
These tests are essential to identify whether the mean and var-
iance of each time series remain constant over time. The ADF
and ADF-GLS tests for the presence of a unit root,'® whereas
KPSS serves as a complementary approach by testing the null
hypothesis of stationarity.?® The integration of these tests
increases robustness, particularly in data sets susceptible to

structural changes or external shocks, which are common in
environmental and health-related data.?’

Following the confirmation of stationarity properties, a lag
length selection was conducted to determine the appropriate
number of lag periods to be included in the models. This decision
significantly influences both the predictive accuracy and interpre-
tation of time-dependent relationships. Established model selec-
tion criteria, such as the Akaike Information Criterion (AIC),
Bayesian Information Criterion (BIC), and Hannan-Quinn Criterion
(HQO), were employed.?? Although AIC is known to accommo-
date more complex models, BIC favors parsimony and HQC pro-
vides a balanced approach.?® Given the environmental context in
which pollutant effects may be delayed, choosing an optimal lag
structure is particularly important to avoid misinterpretation.?*

The next phase involves Johansen cointegration analysis,
which evaluates whether a long-term equilibrium relationship
exists between nonstationary variables that may otherwise fluctu-
ate independently in the short term. This method identifies cointe-
grating vectors that combine pollutant concentrations and RA
disease activity scores (DAS28). The presence of cointegration
indicates that although short-term deviations occur, these vari-
ables are bound by a stable long-term path.2°-® The main cointe-
gration equation is expressed as B'X; = W, in which “X;” is the
vector of nonstationary variables (eg, DAS28 and AQI compo-
nents), “B"” is the cointegrating vector, and “u;” is the stationary
residual. Once cointegration has been established, a VECM is
applied.?” This model incorporates both long- and short-run
dynamics by including an error correction term that quantifies
how the system returns to equilibrium after a deviation. Through
this integrated framework, this study captures how air pollution
affects RA disease activity immediately and over extended
periods, offering nuanced insights for both clinical and environ-
mental health research.?®

Imputing air pollution missing data. Before performing
the time-series analysis, missing values in the air quality data set
were imputed to ensure data completeness and prevent bias
in evaluating the relationship between air pollution and RA
disease activity. Missing data in environmental data sets
often arise from equipment failures, sampling issues, and
human error, which can compromise the reliability of statistical
analyses.29 To address this, several advanced machine-
learning-based imputation methods have been employed,
including k-nearest neighbor, predictive mean matching
(PMM), random forest, and missForest, all of which are tailored
to the specific characteristics of environmental data. This study
builds on the previous work by Alsaber et al®® (2021), which
highlighted the importance of accurate data imputation in air
quality research. The developed imputation framework, based
on K-EPA data sets, enhances data integrity for pollutants
such as NO,, SO,, CO, PM;q, and Os, thereby supporting
robust and precise environmental health research.2®
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Statistical procedures. Time-series graphs were gener-
ated for each pollutant to visualize trends and fluctuations over
time using aggregated means and SDs from multiple monitoring
stations. A univariate time-series analysis was used to assess
the temporal behavior of each pollutant. For data from patients
with RA, descriptive statistics summarized demographics, dis-
ease duration, and DAS28 scores, with medians, means, inter-
quartile ranges, and SDs for continuous variables and
frequencies for categorical data. Pearson’s correlation was used
to assess linear relationships between the DAS28 and AQI com-
ponents. To control for confounding factors, regression models
included individual-level factors such as age, sex, and comorbid-
ity status.

Ethical consideration and data availability
statement. This study was conducted in compliance with the
ethical guidelines and principles outlined by relevant institutional
review boards. Ethical approval for the study was issued by the
Ministry of Health in Kuwait under the ethical reference number
(2022/2194), which covered all major hospitals in Kuwait. Addi-
tionally, Kuwait University approved the establishment of KRRD
under reference number (2016/477). The data supporting this
study are available from the corresponding author upon reason-
able request, due to privacy concerns.

RESULTS

Patients characteristics. Table 1 presents the demo-
graphic characteristics of the study sample, which consisted of
1,526 patients. The data indicated that female participants consti-
tuted the majority of the sample (77.7 %), with a male proportion of
22.3%. Ofthe cohort, 53.7% of participants were Kuwaiti citizens,
whereas the remaining 46.3% were of other nationalities. Partici-
pants’ ages ranged from 17 to 95 years, with an average age of
55.3 years (SD = 13.1 years). Patients’ disease durations ranged
greatly from those with a recently diagnosed illness to those with
a 58-year disease history, with a mean of 11.4 years (SD =
7.8 years). The body mass index ranges from 10.5 to 56.5, with
an average of 29.2 (SD = 6.0). The majority of patients (88.3%)
did not smoke, and only 11.4% of them now reported smoking,
with the majority of patients (75.9%) having no family history of
RA. Of the patients, 5.7% had deformities and 4.3% had rheuma-
toid nodules, which were unusual. A total of 68.6% of the patients
who tested positive for anti—cyclic citrullinated peptide antibodies,
42.2% of patients tested positive for antinuclear antibodies, and
76.9% of patients tested positive for rheumatoid factor. A total of
23.4% of patients report having Sjégren’s International Collabora-
tive Clinical Alliance symptoms in terms of clinical symptoms. The
cohort’s average height was 159.6 cm (SD = 10.9 cm), and
the average weight was 75.5 kg (SD = 283.6 kg). The DAS28 indi-
cates a range of activity of the disease from remission to high
levels of activity, with a mean of 2.8 (SD = 1.3).

Table 1. Demographic and clinical characteristics of the study
population*

Characteristic Overall (N =1,526)

Sex, n (%)

Female 1,185 (77.7)

Male 341 (22.3)
Nationality, n (%)

Kuwait 820 (53.7)

Other nationalities 706 (46.3)
Age

Mean (SD) 55.3(13.1)

Range 17.0-95.0
Disease duration

Mean (SD) 11.4(7.8)

Range 0.0-58.0
BMI

Mean (SD) 29.2 (6.0)

Range 10.5-56.5
Family history, n (%)

Negative 859 (75.9)

Positive 273 (24.1)
Smoking, n (%)

Ex-smoker 4(0.3)

No 1,015 (88.3)
Yes 131 (11.4)

Rheumatoid nodules, n (%)

No 1,255 (95.7)

Yes 57 (4.3)
RF, n (%)

Negative 316 (23.1)

Positive 1,052 (76.9)
Deformities, n (%)

No 1,205 (94.3)

Yes 73(5.7)
SICCA symptoms, n (%)

No 1,010 (76.6)

Yes 308 (23.4)
Anti-CCP, n (%)

Negative 366 (31.4)

Positive 799 (68.6)
ANA, n (%)

Negative 606 (57.8)

Positive 443 (42.2)
Weight

Mean (SD) 75.5(23.6)

Range 0.0-660.0
Height

Mean (SD) 159.6 (10.9)

Range 4.9-254.0
DAS28

Mean (SD) 2.8(1.3)

Range 0.0-7.8

* ANA, antinuclear antibody; anti-CCP, anti-cyclic citrullinated pep-
tide antibody; BMI, body mass index; DAS28, Disease Activity Score
in 28 joints; RF, rheumatoid factor; SICCA, Sjogren’s International
Collaborative Clinical Alliance.

Dealing with missing data using a mixed approach
of PMM and missForest. The imputation of missing data pre-
serves data set integrity by substituting estimated values for miss-
ing or incomplete data. Frequently used techniques to guarantee
that the imputed values closely match the original data distribution
include missForest and PMM. This procedure reduces any biases
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Table 2. Descriptives statistics for the AQI of pollutant variables and Disease Activity Score in 28 joints*

Mean Median IQR SD Minimum Maximum
CO_AQI 21.247 19.6 8.82 10.02 5.94 276.74
NO AQI 45.840 38.6 36.40 32.41 5.01 400.00
NO,_AQI 65.239 62.2 37.32 23.96 11.57 128.07
O3 AQI 39.792 352 14.82 27.48 8.34 319.63
PM;o AQI 201.313 145.5 107.65 13712 40.61 599.94
SO,_AQI 35.819 293 22.84 2334 6.52 209.18

* AQI, Air Quality Index; CO, carbon monoxide; IQR, interquartile range; NO, nitric oxide; NO,, nitrogen dioxide; Os,

Ozone; PMy, particulate matter with a diameter of 10 micrometers or less; SO,, sulfur dioxide.

caused by missing data and helps preserve the accuracy of the
statistical assessments. This approach offers a stronger basis
for examining air quality trends and helps solve any biases result-
ing from missing data. The visualization likely depicts a compari-
son of the pre- and postimputation distributions, stressing how
the technique reduces the distortion of the features of the original
data (see Supplementary Figure 4).

Kuwait air quality assessment from 2012 to 2023. An
analysis of Kuwait’s AQI data from 2012 to 2023 revealed notable
pollution patterns, particularly concerning PM;q, which had the
highest average AQI value (201.313), indicating substantial partic-
ulate matter in the air and raising public health concerns. Most
pollutants had median values lower than their means, suggesting
the presence of extreme pollution events that skew the data,
especially for PMyq, with a peak AQI of 599.94. NO,, combined
with NO, showed moderate pollution levels, whereas CO had rel-
atively low concentrations. SO, and O3 are also present in man-
ageable amounts, although they still require attention. The
variability in pollution levels was significant for NO and PM;q, as
indicated by their high SDs (see Table 2). Furthermore, the rela-
tionship between AQI and RA disease activity (DAS28) was posi-
tively correlated with NO, NO,, and CO levels, implying a
potential link to worsening health outcomes. Conversely, PMq
and O3 were negatively correlated with DAS28, suggesting more
complex health impacts. These findings highlight the need for
ongoing environmental monitoring and policy measures to reduce
pollution and protect public health (Table 3).

Unit root testing and stationary testing. Unit root test-
ing was conducted on six air pollutant variables—CO, NO, NO,
Oz, PMyo, and SO,—using the ADF, ADF-GLS, and KPSS
methods to assess their stationarity. The results indicated that all
variables were nonstationary at their original levels but became
stationary after the first differencing, as evidenced by significant
P values and test statistics. This pattern suggests the presence
of a unit root in the level series, which is a common characteristic
of environmental time-series data. Consistency across all three
tests validates the use of cointegration techniques in subsequent
analyses to explore the long-term equilibrium relationships among
these variables. Supplementary Table 1 presents the results of the
unit root tests (ADF, ADF-GLS, and KPSS) applied to all air
pollutant variables, both at the level and first difference, with and
without trends. Across all tests, the variables were found to be
nonstationary at level but became stationary after the first
differencing, as indicated by the statistically significant ADF and
ADF-GLS results and nonsignificant KPSS statistics after
differencing. This justifies the use of cointegration analysis and
supports the appropriateness of the VECM.

Lag selection criteria. The lag-order selection for the
model, incorporating a constant, was evaluated using a range of
information criteria, including log-likelihood, likelihood ratio
P values, AIC, HQC, and BIC, across lag lengths from 1 to 20.
Among these, the HQC was prioritized because of its balance
between model fit and complexity. Unlike BIC, which heavily
penalizes additional parameters, or AIC, which may overfit by
favoring longer lag structures, HQC offers a moderate trade-off

Table 3. Pearson correlation analysis between AQI of pollutant variables and DAS28*

Cco NO NO> Os PM1o SO, DAS28
cO - - - - - -
NO 0.069° — - - — - —
NO, 0.104? 0.324° - - - -
05 -0.062° -0.084° -0.050° = = = =
PM1o -0.025 -0.003 -0.044° 0.056° - - -
SO, -0.082 0.053? 0.178? 0.227° 0.0522 = =
DAS28 0.038 0.032¢ 0.040° -0.061° -0.046° -0.055° -

* AQI, Air Quality Index; CO, carbon monoxide; DAS28, Disease Activity Score in 28 joints; NO, nitric oxide; NO,
nitrogen dioxide; Os, ozone; PM,,, particulate matter with a diameter of 10 micrometers or less; SO, sulfur dioxide.

3 p<0.001.
b p<0.05.
©pP<0.01.
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Table 4. Cointegration regression examining the long-term association between DAS28 and ambient air pollutants,

adjusted for age, sex, and comorbidities™

Coefficient (R* = 0.010) SE t-ratio (adjusted R? = 0.009) P value
const 0.552 0.084 6.535 <0.001°
CO_AQI 0.003 0.002 1.637 0.102
NO_AQ 0.001 0.001 1.067 0.286
NO, AQI 0.002 0.001 2252 0.024°
05 AQI -0.002 0.001 -2.764 0.006°
PM1o AQI -0.000 0.000 -2.584 0.010°
SO, AQI -0.003 0.001 -3.041 0.002°

* AQI, Air Quality Index; CO, carbon monoxide; const, constant; DAS28, Disease Activity Score in 28 joints; NO, nitric
oxide; NO,, nitrogen dioxide; O3, ozone; PMq, particulate matter with a diameter of 10 micrometers or less; SO,

sulfur dioxide.
2 P<0.001.
b p<0.05.

ideal for medium-sized data sets. Selecting the lag based on HQC
ensures that the model remains both flexible and robust, thus
supporting sound inference and reliable forecasting. Supplemen-
tary Table 2 shows the lag-order selection criteria, in which the
HQC identified lag 7 as optimal, balancing model complexity and
fit. This selection guided the construction of the VECM to examine
the short- and long-term dynamics between the air pollution com-
ponents and RA disease activity.

Multivariate time series: Johansen cointegration
test and VECM. The cointegration test results, summarized in
Supplementary Table 3, revealed multiple long-term relationships
between air pollutants and RA disease activity indicators. Using
both trace and maximum eigenvalue (Lmax) statistics, all ranks
showed highly significant outcomes (P < 0.001), rejecting the null
hypothesis of no cointegration and indicating that the variables
tend to move together over the long term despite short-term
fluctuations. The regression results shown in Table 4 further
confirm these associations. The constant term (3 = 0.5519,
P < 0.001) established a significant baseline, whereas several
AQI variables—PM;o_AQI (P = 0.0098), NO,_AQI (P = 0.0024),
O3_AQI (P = 0.0057), and SO,_AQI (P = 0.0024)—were signifi-
cantly linked with DAS28. NO,_AQI showed a positive effect,
whereas PM4o_AQlI, O3_AQl, and SO,_AQI had negative coeffi-
cients. In contrast, the NO_AQI and CO_AQI were not statistically
significant. The negative relationship between Oz and DAS28 may
reflect seasonal patterns, in which lower ozone levels in colder
months coincide with increased RA activity.>° Similarly, the
inverse correlations of PM;q and SO, with DAS28 may have been
influenced by seasonal human activity and exposure patterns.
Lag length selection was based on AIC, BIC, and HQC, with
HQC chosen for its balanced approach. The Johansen cointegra-
tion test confirmed persistent long-term links, especially for NO»
and Og, whereas the VECM results demonstrated a gradual cor-
rection of deviations from equilibrium and significant short-term
effects for specific pollutants.

The VECM analysis (2012-2023), as presented in Table 5,
indicates that the DAS28 is significantly affected by its own lagged

values and specific AQI components. Notably, the NO,_AQI and
O35_AQI exhibited consistent and statistically significant short-
term effects across several lags, highlighting their strong influence
on RA disease activity. In contrast, CO_AQI, SO,_AQl, and
NO_AQI showed limited or isolated significance, whereas
PM;o_AQI showed no significant effect at any lag. The error cor-
rection term was highly significant and negative (3 = —0.5425,
P < 0.01), confirming that deviations from long-term equilibrium
were corrected over time. The models’ R? = 0.4554 and adjusted
R? = 0.4494 suggest a moderate level of explanatory power. As
illustrated in Figure 1 and detailed in Supplementary Figure 5, the
forecast results show that most of the variance in DAS28 is
explained by its own history, with meaningful contributions from
AQI  components—particularly NO,_AQl and Os_AQlI—
supporting their role in influencing RA activity levels.

DISCUSSION

Recent research has suggested a possible relationship
between air pollution and air pollution. Elevated RA disease activ-
ity and flares have been linked to pollution including® 3% NO,,
SO,, PM4q, and PM, 5. According to certain studies, air pollution
may be involved in the development of juvenile idiopathic arthritis
and systemic autoimmune rheumatic disorders.®* Potentially
exacerbating and causing RA, air pollution may increase pro-
cesses associated with inflammation and autoantibody forma-
tion.®® The results are not completely consistent across studies;
however, some studies have demonstrated no obvious correla-
tion between RA risk and air pollution.” Further research is
needed on the complicated interplay of environmental and
genetic elements in RA pathogenesis, including air poliution.® Pol-
lutants such as PM. 5, PM4o, and NO, might cause systemic
inflammation that can aggravate RA symptoms and raise flare-
up severity and frequency. Kuwait presents a significant public
health problem owing to its unique industrial and environmental
landscape, necessitating stringent air quality management mea-
sures and public health interventions.
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Table 5. Vector Error Correction Model estimating short- and long-term associations between ambient air pollut-
ants and DAS28, adjusted for age, sex, and comorbidities*

Coefficient (R? = 0.455) SE Z score (adjusted R? = 0.449) P value
const 0.2547 0.1065 23910 0.017°
d_DAS281 -0.3152 0.0305 -10.34 <0.001°
d_DAS28 2 -0.2703 0.0282 -9.602 <0.001°
d_DAS28 3 -0.2916 0.0252 -11.57 <0.001°
d_DAS28 4 -0.3325 0.0223 -14.91 <0.001°
d_DAS28_5 -0.2888 0.0193 -14.99 <0.001°
d_DAS28 6 -0.2161 0.0148 -14.56 <0.001°
d_CO_AQI1 -0.0013 0.0033 -0.4282 0.669
d_CO_AQI2 -0.0028 0.0032 -0.8775 0.380
d_CO_AQL3 -0.0045 0.0030 -1.485 0.138
d_CO_AQI_4 -0.0057 0.0028 -2.028 0.043?
d_CO_AQLS5 -0.0007 0.0026 -0.3012 0.763
d_CO_AQL6 -0.0020 0.0022 -0.9502 0.342
d_NO, AQI_1 -0.0032 0.0011 -2.865 0.004°
d_NO, AQI_2 -0.0048 0.0012 -3.943 <0.001°
d_NO, AQI_3 -0.0039 0.0013 -3.111 0.002°
d_NO, AQI_4 -0.0028 0.0013 -2.256 0.024°
d_NO, AQI_5 -0.0018 0.0012 -1.566 0.117
d_NO, AQL6 0.0001 0.0010 0.1271 0.899
d_0; AQI_1 0.0034 0.0012 2.7880 0.005°
d_0; AQI_2 0.0031 0.0012 2.5970 0.009°
d_0, AQI_3 0.0015 0.0011 1.3360 0.182
d_0, AQI_4 0.0027 0.0011 2.4890 0.013?
d_0, AQL5 0.0021 0.0010 21170 0.034°
d_0, AQL6 0.0011 0.0008 1.3100 0.190
d_PM;o AQI_1 0.0001 0.0003 0.5221 0.602
d_PM,, AQI_2 0.0001 0.0002 0.5490 0.583
d_PM,,_AQI_3 0.0001 0.0002 0.5031 0.615
d_PM,, AQI_4 0.0001 0.0002 0.2599 0.795
d_PM,, AQI_5 0.0001 0.0002 0.3444 0.731
d_PM,, AQI_6 0.0001 0.0001 0.5898 0.555
d_S0O, AQL_T 0.0015 0.0015 0.9825 0326
d_S0, AQI_2 0.0004 0.0015 0.2428 0.808
d_SO, AQI_3 0.0001 0.0014 0.0707 0.944
d_S0, AQI_4 0.0006 0.0013 0.4527 0.651
d_S0, AQI_5 -0.0017 0.0012 -1.484 0.138
d_S0, AQL6 -0.0022 0.0010 -2.368 0.018°
EC1 -0.5425 0.0319 -17.03 <0.001°
EC2 0.0006 0.0031 0.1885 0.851
EC3 0.0016 0.0012 1.3230 0.186
EC4 0.0034 0.0007 5.0790 <0.001°
EC5 -0.0026 0.0012 -2314 0.0212
EC6 -0.0003 0.0003 -1.361 0.174

* AQI, Air Quality Index; CO, carbon monoxide; const, constant; DAS28, Disease Activity Score in 28 joints; EC, error
correction term; NO, nitric oxide; NO,, nitrogen dioxide; O3, ozone; PM;, particulate matter with a diameter of 10
micrometers or less; SO,, sulfur dioxide.

@ P <0.05.
b p<0.001.

These results indicate a complicated relationship between
RA and air pollution. The findings show that DAS28, in both
short- and long-term exposures, is significantly influenced by
NO, and Os. Studies using Granger causality have shown that
O3z and NO, are very significant indicators of both the DAS28
and the Clinical Disease Activity Index (CDAI), suggesting that
increasing concentrations of these pollutants may lead to
increased disease activity. Likewise, changes in CDAI and
DAS28 were also shown to be induced by CO, SO,, and PM4q,
but the effects of these pollutants varied less and were not as sta-
ble across time.

Short-term contact with air pollutants, particularly O3 and
NO,, has been linked to increased RA disease activity, as evalu-
ated by CDAI and DAS28 scores.®'® On the other hand, a num-
ber of investigations have shown conflicting or minimal effects of
brief exposure to air pollution on RA activity.>” There is evidence
linking a higher frequency of RA to long-term exposure to several
air pollutants including®' O, CO, SO,, and NO..

This study investigated the long-term relationship between
DAS28 scores and several air pollutants—CO, SO,, PM;q, NOo,
and Oz—among patients with RA in Kuwait using cointegration
analysis. This approach allowed for the assessment of whether
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Comparison of Actual and Fitted DAS28 Values
VECM Model Performance
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Figure 1.

Comparison of actual and fitted standardized DAS28 values over time using a VECM model performance. DAS28, Disease Activity

Score in 28 joints; MSE, Mean Squared Error; VECM, Vector Error Correction Model.

DAS28 scores and pollutant levels moved together over time,
even amid short-term fluctuations. The presence of cointegration
suggests a stable equilibrium relationship, implying that changes
in pollutant levels can lead to adjustments in disease activity in
RA. These findings highlight the potential of long-term environ-
mental exposure to contribute to chronic inflammation and exac-
erbate RA symptoms.

Supporting evidence from international studies further
emphasizes this link. For example, a longitudinal study in Italy
associated higher pollutant concentrations with increased RA
ﬂare-ups,33 and a Taiwanese cohort found strong associations
between RA risk and exposure® to SO,, NO,, PM4o, CO, and
Q3. Our cointegration analysis identified Oz and NO, as signifi-
cantly related to long-term increases in the DAS28 scores. This
aligns with the theory that prolonged exposure to these pollutants
causes systemic inflammation. Nonetheless, some research has
shown inconsistent findings, especially concerning®%" PMq
and Og, suggesting the need for continued investigation into envi-
ronmental influences on RA.

The VECM is a useful tool for investigating the long-term
equilibrium connections between variables, as well as short-term
dynamics. It combines cointegration analysis and error correction
methods to identify both short- and long-term changes.®® In
terms of explanatory capacity and predictive capability, it often

performs better than other models such as Vector Autoregres-
sion.*® By adding an error correction term, we can measure how
quickly the variables return to equilibrium after a shock, allowing
us to distinguish between short-term shifts and long-term
trends.*’

The analysis revealed a complex relationship between RA
disease activity and air quality indicators, with Oz and NO, show-
ing the strongest influence on the DAS28 and CDAI scores.
Granger causality within the VECM framework confirmed both
short- and long-term links between the higher levels of these pol-
lutants and increased RA activity. This may be due to the inflam-
matory effects of NO, and the role of Oz in oxidative stress. The
negative and significant error correction term indicated that any
short-term deviation in disease activity caused by pollution even-
tually returned to long-term equilibrium. Additionally, impulse
response functions showed that shocks in NO, and Os levels
led to sustained increases in DAS28 scores, whereas the effects
of CO, PM;q, and SO, were more variable and often short-lived.

Impulse response functions and VECMs have identified the
short- and long-term effects of air pollution on RA activity.®®
These effects may change depending on the particular pollutant,
the length of exposure, and patient characteristics. Moreover,
treatment with ongoing disease-modifying antirheumatic medica-
tions may influence the relationship between air pollution and RA
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disease activity.>” These findings suggest that air pollutants could
be a risk factor for RA, necessitating further investigation and
careful application in clinical settings.

The analytical strategy employed in this study enabled the
investigation of both the long- and short-term associations
between air pollution and RA activity. Unit root testing ensured
that stationarity requirements were met for the cointegration anal-
ysis, which identified enduring relationships between DAS28 and
specific pollutants. The VECM approach accounts for short-run
variations while incorporating an error correction mechanism,
offering insight into how fluctuations in air quality may influence
disease progression over time. This dual framework contributes
to a comprehensive understanding of the environmental determi-
nants of RA.

This study faced several limitations that need to be acknowl-
edged. First, the observational nature of the research limits its
capacity to conclusively prove causality. Although the Granger
causality and VECM tests provide some insight into possible
causal relationships, they cannot completely rule out the impact
of unobserved confounding factors. Furthermore, fixed monitor-
ing sites provided data on air pollution, which would not entirely
reflect individual-level exposure fluctuations given that Kuwait
has varied microclimates.

This study is based on aggregated data from air-monitoring
stations and population-level RA activity measures and is thus
subject to the potential for ecological fallacy. The observed asso-
ciations represent group-level trends and may not necessarily
reflect individual-level causal relationships. Although the analysis
provides valuable insights into the potential environmental influ-
ences on RA activity at the population scale, caution is warranted
in interpreting these findings at the individual level.

Future research should further investigate the complex rela-
tionship between air pollution and RA, with a particular focus on
long-term exposure to key pollutants, such as SO, and NO,,
which have been associated with increased RA risk and height-
ened disease activity. Special attention should be paid to gene-
environment interactions, as emerging evidence suggests that
individuals with a strong genetic predisposition may experience
nearly double the incidence of RA when exposed to elevated air
pollutant levels. Additionally, future studies should adopt longitu-
dinal designs with larger and more diverse cohorts, integrate
advanced machine learning algorithms for predictive modeling,
and incorporate biologic pathway analyses to elucidate the
mechanistic links between environmental exposure and RA
pathogenesis.

This pioneering study was the first to explore the relationship
between air pollution and RA activity in Kuwait, offering important
epidemiologic insights from a region with distinct environmental
conditions. Using VECM to capture both short- and long-term
effects, the study found significant associations between DAS28
scores and pollutants, particularly NO, and Oz, which were
strong predictors of increased disease activity. These findings

emphasize the impact of air quality on RA progression and high-
light the need for targeted public health interventions and clinical
strategies to reduce environmental risks and improve patient
outcomes.
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Agreement of Administrative Pharmacy Dispensing With
Self-Reported Use of Oral Prednisone in US Veterans
With Rheumatoid Arthritis

Beth I. Wallace," ' Bryant R. England,? '’ Joshua F. Baker,? Michael D. George,*

Brian C. Sauer,” (" Jorge Rojas,® Punyasha Roul,” Katherine D. Wysham,® Hannah Brubeck,®
Isaac Smith,” Liron Caplan,'® Paul A. Monach,"" (2 Gail S. Kerr,"? (2 Gary Kunkel,”

Tawnie Braaten,” Ted R. Mikuls,? 2/ and Grant W. Cannon®

Objective. Administrative claims are used to evaluate oral glucocorticoid use in rheumatoid arthritis (RA), despite
limited evidence to support accuracy. We aimed to evaluate the performance of claims-based algorithms for glucocor-
ticoid use compared to self-report in an RA population.

Methods. Participants with RA enrolled at seven Veterans Affairs Rheumatoid Arthritis (VARA) Registry sites were
asked six questions as part of clinical care assessing current prednisone use and dose, recent use, “stockpiling,”
and receiving prednisone outside the Department of Veterans Affairs (VA). Algorithms using VA prescription claims
operationalized current use (active prescription on date of self-report assessment), current dose (that prescription’s
mean dose), and recent use (active course overlapping the prior 30 or 90 days). We assessed performance character-
istics and agreement, benchmarked on self-report.

Results. Of 284 participants, 13% reported current prednisone use and 20% reported 90-day use. Sensitivity,
specificity, positive predictive value, and negative predictive value were 0.70, 0.98, 0.84, and 0.96, respectively, for cur-
rent use and 0.71, 0.92, 0.72, and 0.92, respectively, for 90-day use. Cohen’s k was 0.68 for current use and 0.63 for
90-day use. Among participants reporting <5 mg/day, agreement for dose was high (weighted k 0.67). One in four par-
ticipants reported a stockpile, and one in four reported receiving prednisone from a non-VA provider.

Conclusion. Algorithms derived from VA claims detecting prednisone prescriptions have high validity compared to
patient self-report. The modest sensitivity of these algorithms may reflect stockpiling and non-VA prescriptions. These
findings form a basis for contextualizing real-world studies of glucocorticoid use in RA and improve clinical estimation

of glucocorticoid use not captured in claims.
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SIGNIFICANCE & INNOVATIONS

* In a cohort of participants with rheumatoid arthri-
tis (RA) enrolled in a national Department of
Veterans Affairs (VA)-based registry, algorithms
derived from pharmacy claims can acceptably rule
in current prednisone use and use within 30 and
90 days, compared to a reference standard of
self-report.

+ In an exploratory analysis of participants report-
ing current prednisone use, we saw substantial
agreement between self-reported and claims-
based assessments of daily dose when limited to
participants reporting a dose <5 mg/day, corre-
sponding to a claims-based mean dose threshold
of £7.5 mg/day. We observed reduced agreement
for higher doses, perhaps due to dose variability
not adequately captured by mean daily dose
(eg, a prescribed taper, use of stockpiled
prednisone).

+ Using patient self-report as a reference standard,
our algorithm underestimated prednisone dose,
contextualized by our finding of high self-reported
stockpiling and prescribing by non-VA providers.

+ These findings may be used to estimate the perfor-
mance of claims-based algorithms for glucocorti-
coid use in research and clinical contexts and to
improve clinical estimation of glucocorticoid use
not captured in claims.

INTRODUCTION

Up to 90% of patients with rheumatoid arthritis (RA) use glu-
cocorticoids, with 25% to 50% taking them long-term."?
Although glucocorticoids are effective in treating RA, there is con-
cern that their dose-dependent toxicity outweighs their benefits.®
Clinical trials cannot assess real-world usage patterns and are
underpowered to assess toxicity, especially at lower doses.”
Observational studies using electronic health records or adminis-
trative algorithms provide the opportunity to evaluate real-world
glucocorticoid use and long-term toxicities, as well as to identify
high-risk glucocorticoid use to inform clinical practice or quality
improvement initiatives. However, algorithms that estimate gluco-
corticoid exposure from administrative claims may not adequately
account for use that is different than prescribed or that changes
over time (eg, a taper or burst). There is also no clear reference
standard against which to benchmark these algorithms, and
assessments of previously proposed glucocorticoid algorithms
are limited and have substantial methodologic variability.>® Self-
report is likely to be the most accurate reference standard for glu-
cocorticoid use in RA because patient-directed changes in use
(eg, dose increases or reductions, “stockpiling”) and prescribing
by providers other than the patient’s rheumatologist are common.
Despite this, prior studies benchmarking on self-report are small

and may not be generalizable to the majority of patients
with RA.>7

This study aimed to evaluate the accuracy of claims-based
algorithms for current prednisone use in a population of veterans
with RA using patient-reported use as a reference standard.
Although self-reported medication use has limitations, primarily
related to recall and desirability bias, it shows good agreement
with use derived from other sources (eg, medical records, pre-
scription data), is easier to obtain than provider report, and is
more sensitive than provider report in capturing use occurring
without that provider’s knowledge (eg, patient-initiated changes,
prescribing by another provider). Thus, demonstrating compara-
ble performance between self-reported and provider-reported
glucocorticoid use would help facilitate future research in
this area.

PATIENTS AND METHODS

Participants. As part of clinical care, 284 participants
enrolled in the multicenter prospective Veterans Affairs
Rheumatoid Arthritis (VARA) Registry® were asked semistruc-
tured questions about their glucocorticoid use at the time of a rou-
tine in-person rheumatology clinic visit between October 2023
and August 2024 (Supplemental Table 1). Data reported were
obtained from the following VARA sites: Omaha Department of
Veterans Affairs (VA) Medical Center, Rocky Mountain Regional
VA Medical Center, VA Ann Arbor Healthcare System, VA Durham
Health Care System, VA Philadelphia Healthcare System, VA
Puget Sound Health Care System, and VA Salt Lake City Health-
care System. Each site obtained institutional review board
approval, and participants provided informed consent to partici-
pate in the VARA Registry.

Reference standard: Self-reported glucocorticoid
use. We limited our analysis to oral prednisone-dispensing epi-
sodes to enable accurate dose estimation by participants. In a
prior evaluation of prescription data, we found that prescriptions
for prednisone represented 95.9% of oral glucocorticoids pre-
scribed to VARA-enrolled patients (Supplemental Table 2). To
assess self-reported current prednisone use, participants were
asked, “Did you take prednisone yesterday?” with response
options “yes” or “no.” This served as the reference standard for
current use. Participants who responded “yes” were asked to
select the dose they took from the following categories: <5 mg,
5 mg, 10 mg, 15 mg, >15 mg, or a different dose. Participants
were also asked about “recent use” in the past 30 and 90 days
using the following categories: none, less than half the days
(€14 or <44 days in a 30- or 90-day period, respectively), more
than half the days (>15 or >45 days in a 30- or 90-day period,
respectively), or “l took prednisone in the past 30 [or 90] days,
but don’'t remember how often.” Two barriers to accurate
claims-based evaluation of prednisone use were also assessed:
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prednisone “stockpiling” and obtaining prednisone from non-VA
providers.

Administrative algorithms. We generated three admin-
istrative algorithms to evaluate current prednisone use using only
prescription information captured directly in the VA Corporate
Data Warehouse (CDW). These included the following: (1) an
algorithm for current use, defined as an active prednisone-
dispensing episode overlapping the self-report assessment date;
(2) a 30-day algorithm for recent use, defined as an active predni-
sone course overlapping the 30 days before the self-report
assessment date; and (3) a 90-day algorithm for recent use,
defined as an active prednisone course overlapping the 90 days
before the self-report assessment.®

For the current use algorithm (algorithm 1), we recorded the
dispensing episode start date, the number of tablets dispensed,
the days’ supply of medication, and the unit dose for each
prednisone-dispensing episode. We calculated the dispensing
episode end date by adding the days’ supply to the
dispensing episode start date, and we calculated the cumulative
prednisone dose by multiplying the number of tablets dispensed
by the unit dose for the dispensing episode. To meet algorithm
1, the day before the self-report assessment was required to fall
within an active prednisone-dispensing episode.’

For the recent use algorithms (algorithms 2 and 3), each
prednisone course was defined as a group of all consecutive dis-
pensing episodes that had a <90-day gap between the end date
of one dispensing episode and the start date for the next dispens-
ing episode. We defined course duration as the period from the
start date of the first dispensing episode in the course through
the end date of the last dispensing episode of the course (ie, the
end of the last dose before a >90-day gap). We calculated
the cumulative prednisone dose for each course by summing
the total doses for each dispensing episode in that course, and
we calculated the average daily dose by dividing the cumulative
dose of prednisone for a course by the course duration (course
end date minus course start date). To meet algorithm 2, a patient
was required to have any part of an active prednisone course
overlapping the period between the self-report assessment date
and 30 days before the self-report assessment date. To
meet algorithm 3, a patient was required to have any part of an
active prednisone course overlapping the period between the
self-report assessment date and 90 days before the self-report
assessment date® (Figure 1). When assessing agreement for
recent use, self-reported prednisone use during the past 30 and
90 days was dichotomized as any use versus no use.

Performance of algorithms against the reference
standard. We calculated the sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV) of each
administrative algorithm using prednisone-dispensing data from
the VA CDW against the reference standard of self-reported

current use. Because there is no validated benchmark for assess-
ing glucocorticoid use, we also calculated Cohen’s kappa to
assess agreement between administrative algorithms and self-
reported use. Agreement based on Cohen’s k was classified as
near perfect (0.8-1.0), substantial (0.6-0.8), moderate (0.4-0.6),
fair (0.2-0.4), or slight (0.0-0.2)."° We used Youden'’s J, equiva-
lent to sensitivity + specificity — 1, to summarize algorithm perfor-
mance; it ranges from -1 to 1, with 0 being equivalent to random
chance and 1 representing a perfect test.'”

For participants reporting current use, we performed an
exploratory analysis assessing agreement between the following:
(1) self-reported current use and an active dispensing episode in
claims (Figure 2) and (2) self-reported daily dose (<56 mg, 5 mg,
10 mg, 15 mg, >15 mg, or other) and mean observed daily dose
in claims for any active dispensing episode (Figure 3). To allow
for error in our claims-based assessment of prednisone dose
(eg, the fact that prescriptions intended to be taken as a burst
and taper will be represented in our analysis as a single mean daily
dose), we categorized claims-based mean prednisone dose
thresholds as follows: no active course, <4 mg, 4.1 to 7.5 mg,
7.6 to 12.5 mg, 12.6 to 17.5 mg, and >17.6 mg. To assess
agreement, we calculated the weighted Cohen’s kappa for (1) all
participants reporting current use, (2) participants with both self-
reported current use and an active dispensing episode, and
() participants with self-reported current use <5 mg and an active
dispensing episode. For participants reporting never use, we
identified the year of their last prescription-dispensing episode
by examining all prednisone-dispensing episodes in the CDW
since October 1, 1998 (Figure 4). Analyses were completed using
Stata version 18. Data are reported in accordance with the poli-
cies of the VA Office of Research and Development.

RESULTS

Two hundred eighty-four participants provided data on pred-
nisone use. Demographics reflect those of prior studies in the
VARA Registry, with a mean age of 69.2 years, 84.2% of partici-
pants being male, 83.4% being White, and 68.7% being current
or former smokers (Table 1). Eighty-seven percent of those sur-
veyed were taking disease-modifying antirheumatic drugs
(DMARDs), with 43.7% taking biologic or targeted synthetic
DMARDs. The mean Clinical Disease Activity Assessment score
in this population was 9.33, representing low-moderate RA dis-
ease activity.

Thirty-seven participants (13%) reported current prednisone
use, 52 (18%) reported use in the past 30 days, and 59 (20%)
reported use in the past 90 days. Of those reporting use in the
past 30 and 90 days, 23 (44%) and 29 (49%) reported use on less
than half the days and 29 (56%) and 29 (49%) reported use on
more than half the days, respectively.

Table 2 shows the performance of each claims-based algo-
rithm for current prednisone use. Algorithm 1, assessing current
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Self-assessment
date

Current d_)
I I I

prednisone use
-90 days -30 days

\ 4

Precnisoneuse, [ A TR 1
past 30d

-90 days -30 days

Prednisone use, -:- 1
past 90d 1 1

-90 days -30 days

\ 4

Figure 1. Schematic representation of claims-based algorithms for assessing current and recent prednisone use. Blue bars represent
prednisone-dispensing episodes. Orange bars represent prednisone courses, defined as a group of all consecutive dispensing episodes with a
<90-day gap between the end date of one dispensing episode and the start date for the next dispensing episode. Course duration was defined
as the period from the start date of the first dispensing episode in the course through the end date of the last dispensing episode of the course
(ie, the end of the last dose before a >90-day gap).

use, had a sensitivity of 0.70, a specificity of 0.98, a PPV of 0.84, specificities of 0.96 and 0.92, PPVs of 0.79 and 0.72, and NPVs
and an NPV of 0.96. Algorithms 2 and 3, estimating use in the of 0.92 and 0.92, respectively. Substantial agreement was
past 30 and 90 days, had sensitivities of 0.63 and 0.71, observed between administrative algorithms and self-reported
Self-report
OnGC | NotonGe | Predictive
value
Total +
+ Active GC prescription:
prescription g8 g PPV: 0.84
31
Ccbw
Prescripion
) Total -
- Active GC 11 242 NPV: 0.96 prescription:
prescription
253
Senssi(tivity Sensitivity Specificity: Agreement:
Specificity 0.70 0.98
Kappa 0.73
Total on Total not
GC on GC Accuracy 0.94
37 247

Figure 2. Error matrix: current prednisone use. CDW, Corporate Data Warehouse; GC, glucocorticoid; NPV, negative predictive value; PPV,
positive predictive value. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.
25580/abstract.
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Self-report
From CDW <5mg 5mg 10mg 15mg >15mg Total

dispe';l\:iz;tg;;sode - & L g L &
<4mg 8 1 1 0 0 10
4.1 to 7.5mg 0 10 2 0 0 12
7.6 to 12.5mg 1 1 0 0 1 3
12.5 to 17.5mg 0 0 0 1 0 1
>17.6mg 0 0 0 0 0 0
N reporting a dose* 13 15 4 1 2 35

Figure 3. Daily dose from claims for participants reporting current prednisone use. Weighted « for 26 participants with an active dispensing epi-
sode: 0.55 (95% CI 0.43-0.67, P < 0.0001). Weighted « for 21 participants with an active dispensing episode reporting <5 mg/day: 0.67 (95% Cl
0.49-0.85, P = 0.0001). * Two participants reported current use but did not report a verifiable dose. CDW, Corporate Data Warehouse; Cl, con-
fidence interval. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25580/abstract.

use. Cohen’s k and Youden'’s J for each algorithm were 0.68 and
0.68 for current use, 0.64 and 0.59 for use in the past 30 days,
and 0.63 and 0.57 for use in the past 90 days, respectively. Per-
cent agreement was 0.94 for current use, 0.90 for use in the past
30 days, and 0.88 for use in the past 90 days.

Figure 2 shows the error matrix for participants reporting
current use compared to the claims-based algorithm. Of

37 participants reporting current use, 26 (70%) had a concur-
rent overlapping prednisone prescription. Of 247 participants
reporting no current prednisone use, 242 (98%) had no
concurrent overlapping prednisone prescription. The most
common discordance was self-reported use without an
overlapping prednisone prescription course (11 of 37 self-

Number of Participants

3
2 |
| I I
0
<0.5 0.5 1 3 4

reporting use).

5t0 10 >10

Years from most recent prescription

Figure 4. Time (years) from most recent prednisone prescription to self-report assessment for participants who report never using prednisone
but have a pharmacy claim for it (n = 21). Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/

10.1002/acr.25580/abstract.
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Table 1. Characteristics of patients with RA asked about glucocor-
ticoid use”

Variable Participants (N = 284)
Age, mean (SD), y 69.2 (10.9)
Male, n (%) 239 (84.2)
Site, n (%)
Rocky Mountain Regional VAMC 15(5.3)
Omaha VAMC 70 (24.6)
VA Philadelphia Healthcare System 23(8.1)
VA Salt Lake City Healthcare System 104 (36.6)
VA Puget Sound Health Care System 53(18.7)
Other sites® 19(6.7)
Race, n (%)
White 237 (83.4)
Black 27 (9.5)
Other or not reported 20 (7.0)
Ethnicity, n (%)
Non-Hispanic 267 (94.01)
Hispanic or not reported 17 (6.0)
Smoking status, n (%)
Current 46 (16.20)
Former 149 (52.46)
Never 82 (28.87)
Unknown 7 (2.46)
RA duration, mean (SD), y 16.1 (12.84)
Seropositivity, n (%)
Anti-CCP 185 (65.14)
RF 173 (60.92)
Active MTX course at time 115 (40.49)
of survey, n (%)
Active csDMARD course at time 202 (71.13)
of survey, n (%)
Active btDMARD course at time 124 (43.66)
of survey, n (%)
Active btDMARD or csDMARD course 248 (87.32)
at time of survey, n (%)
Most recent CDAI at time 9.33(9.71)

of survey, mean (SD)

* btDMARD, biologic or targeted synthetic disease-modifying anti-
rheumatic drug; CCP, cyclic citrullinated peptide; CDAI, Clinical Dis-
ease Activity Index; csDMARD, conventional synthetic disease-
modifying antirheumatic drug; MTX, methotrexate; RA, rheumatoid
arthritis; RF, rheumatoid factor; VA, Department of Veterans Affairs;
VAMC, Department of Veterans Affairs Medical Center.

@ VA Ann Arbor Healthcare System and VA Durham Health Care System.

Figure 3 shows the agreement between self-reported pred-
nisone dose and mean observed daily dose for the 35 participants
who reported current use and provided a dose. Of these, 9 (26%)
had no prednisone prescription overlapping the date of the self-
report assessment. Four (44%) of these nine reported having a
prednisone stockpile, and two (22%) of these nine reported
receiving a prednisone prescription from a non-VA provider in
the past year. We observed moderate agreement between self-
reported current dose and mean observed daily dose in this pop-
ulation, with a weighted Cohen’s k of 0.55 and agreement of 89%.
Among the subset of participants with an active prednisone pre-
scription who self-reported a current dose <5 mg/day (n =
19, 51% of those reporting current use), we observed substantial
agreement with a claims-based dose of <7.5 mg/day, with a
weighted Cohen’s k of 0.67 and agreement of 95%.

Thirty-two participants (11%) reported that they had never
taken prednisone. Of these, 21 (66%) had a previous prednisone
prescription fill documented in the CDW. Figure 4 shows the year
of the most recent prednisone prescription for these 21 partici-
pants. Of these, zero had a prednisone prescription filed in the
90 days before the self-report assessment, three (9%) had their
most recent prescription filed within the prior year, and four
(19%) had their most recent prescription filled >10 years prior.

Sixty-six participants (23%) reported having a stockpile of
prednisone. Of these, 49 (74%) reported no current use,
40 (60%) reported no use in the past 30 days, and 35 (53%)
reported no use in the past 90 days. One hundred forty-five par-
ticipants (51%) reported that they had never received prednisone
from a non-VA provider. Of the remainder, 13 (9%) reported
receiving prednisone from a non-VA provider in the past year,
and 60 (43%) reported receiving prednisone from a non-VA pro-
vider more than a year prior.

DISCUSSION

In a cohort of participants with RA enrolled in the VARA
Registry,® claims-based algorithms evaluating prednisone use in
the past day, the past 30 days, and the past 90 days performed
acceptably when benchmarked on self-report. In particular, the
NPV of these algorithms was excellent, exceeding 0.9 in all three
cases, partly because the prevalence of use was generally low.
In a cohort with a higher prevalence of use, we may expect a
superior PPV using these algorithms but a somewhat worse NPV.

Among the subset of participants reporting current use, we
saw moderate agreement between self-reported and claims-
based assessments of current daily dose; agreement became
substantial when we limited the analysis to the 51% of partici-
pants reporting a daily dose of <5 mg/day. For our current use
algorithm, misclassification was low and predominantly underrep-
resented exposure. For our current dose algorithm, misclassifica-
tion underrepresented exposure in the setting of one in four
participants reporting they had a prednisone stockpile and one
in four participants reporting they received prednisone from a pro-
vider not captured in the claims source used. Overall, our results
suggest that the claims-based algorithms we present here per-
form adequately to (1) rule out prednisone use during the past
90 days in the context of low rates of use (NPV > 90%), (2) rule
in current use in a cohort with similar rates of use (PPV > 80%),
and (3) estimate current daily dose for participants with claims-
based dose estimates <7.5 mg/day of the prednisone equivalent.
These findings support the use of such algorithms, compared to a
benchmark of self-report, for estimating glucocorticoid exposure
in both research and clinical contexts.

We observed reduced agreement with higher reported mean
daily doses, which may be due to prescribing patterns not ade-
quately represented by a mean daily dose, such as a taper, or to
use not adequately captured in claims, such as stockpiled or
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Table 2. Performance characteristics for administrative algorithms vs self-reported GC use*

Concept Question CDW algorithm Sensitivity  Specificity PPV NPV~ k  Youden'’s]
Current GC use Did you take prednisone 1. Active prednisone 0.70 0.98 0.84 096 0.68 0.68
yesterday? prescription overlapping
day of assessment
Recent GC use In the past 30 days, how 2. Active prednisone 0.63 0.96 0.79 092 0.64 0.59
often did you take course” overlapping the
prednisone? period from 30 days
before self-report
assessment to date of
assessment
In the past 90 days, how 3. Active prednisone 0.71 0.92 0.72 092 0.63 0.63

Barriers to estimating

often did you take
prednisone?

Do you have a “stockpile”

course” overlapping the
period from 90 days
before self-report
assessment to date of
assessment

GCuse in claims or “reserve supply” of
extra prednisone pills
saved up?
Have you ever gotten -
prednisone from a
health care provider

outside the VA?

* Bold values indicate positive predictive value. CDW, Corporate Data Warehouse; GC, glucocorticoid; NPV, negative predictive value; PPV, pos-

itive predictive value; VA, Department of Veterans Affairs.

externally prescribed prednisone. We observed some decline in
claims-based algorithm performance, as our algorithms assessed
longer lookback periods, and reduced agreement for questions
assessing ever use of prednisone. This may be a limitation of the
reference standard due to inferior recall for remote use and sug-
gests algorithms benchmarked on self-report may not be ideal
for validating administrative measures of long-term exposure.

Prior work in this area includes a recent study of 494 patients
with RA enrolled in the CorEvitas registry that compared 90-day
average daily glucocorticoid dose in linked Medicare claims to a
gold standard of physician-reported use at a registry visit during
that period.® Although agreement benchmarking on physician
report was similar (overall k of 0.61 and percent agreement of
0.9), the prevalence of physician-reported 90-day use was 31%
(vs our finding of 20% self-reported use), sensitivity was higher
at 0.88, and specificity was lower at 0.79. These differences may
be due to different algorithm criteria and a distinct reference
standard used.

A small UK-based study of 78 patients with RA reported
excellent algorithm performance (sensitivity 0.84, specificity
0.87, PPV 0.87, NPV 0.85) when comparing presence of an
active glucocorticoid prescription in the Clinical Practice Research
Datalink to self-reported glucocorticoid use via mail-in survey.
However, an important distinction from the current study is that
only patients with documented glucocorticoid use in the past
two years were eligible, and the survey response rate was only
16%, raising some concern for nonparticipant bias.® A single-
center study of 91 participants in the Brigham Rheumatoid

Arthritis Sequential Study registry found a moderate to high corre-
lation between self-reported cumulative glucocorticoid dose and
cumulative dose derived from chart review (Pearson’s r 0.59)
and strong agreement between self-report and chart-derived
quartiles of dose (weighted k 0.67). Thus, claims-based algo-
rithms evaluating current and recent glucocorticoid use appear
to have reasonable performance despite differences in popula-
tion, reference standard, and algorithm criteria. As the largest
and most recent evaluation to benchmark glucocorticoid use on
self-report as a reference standard, our current study supports
its use as a reference standard for validation of claims-based
algorithms. This is especially relevant in settings where provider
report may underestimate glucocorticoid use (eg high patient
sharing, lower provider connectedness).'?

We chose self-report as our reference standard for several
reasons. First, self-reported glucocorticoid use in RA has only
been examined as a reference standard in Europe, where
glucocorticoid prescribing patterns differ from those in the
United States.'® Second, self-report not only is more likely to cap-
ture glucocorticoid use occurring without a provider’s knowledge
but also allows us to ask about and assess the impact of potential
sources of such use, as we do here. Third, although self-reported
glucocorticoid use suffers from recall bias, it is not clear that pro-
vider report suffers less from such bias. In prior studies,
provider-reported use was either derived directly from the medical
record or collected during a patient visit when the provider had
access to both the medical record and the patient.>6 14
Provider-reported glucocorticoid can thus be conceptualized as
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the provider’s transcription of (1) patient-reported use at a visit
and (2) prescribing data and/or previous provider reports from
the electronic medical record. Provider-reported glucocorticoid
use is highly variable in consistency and detail and does not cap-
ture use of glucocorticoids from outside sources (stockpiles, out-
side prescribers), patient-initiated dose reduction or
discontinuation, or nondocumented verbal instructions given by
the provider."® Fourth, the literature comparing provider report
and self-report as benchmarks for glucocorticoid use is limited.
Demonstrating comparable performance between benchmarks
would help facilitate future research in this area. It is also reassur-
ing that self-reported medication use generally shows good
agreement with use derived from other data sources, even for
medications that are used episodically (eg, antacids, antibiotics,
muscle relaxants).'®"® Although we designed this study with
self-report use as the reference standard, it is likely more appro-
priate to consider prescription claims-based algorithms and self-
reported use as complementary assessments. Each has its own
strengths and limitations, and combining these two sources
together would be ideal, when feasible.

Our data also provide valuable input into glucocorticoid
stockpiling, external glucocorticoid sources, and patient-directed
glucocorticoid consumption. Although outside the scope of this
study, future work investigating ways to reduce stockpiling could
be beneficial in limiting avoidable glucocorticoid exposure in RA
populations.

Our study is among the first and largest to evaluate the per-
formance of claims-based algorithms for glucocorticoid use com-
pared to self-report. Itis also, to our knowledge, the first to directly
assess potential barriers to developing accurate algorithms, such
as stockpiling and prescribing not captured in claims. Limitations
include that we assessed prednisone use only among patients
with RA who were both enrolled in a prospective registry and
had a rheumatology visit during the assessment interval. Thus,
our results may not be generalizable to patients who do not
receive regular rheumatologic care or who receive care at lower-
resourced sites. Relatedly, we found a relatively low prevalence
of prednisone use in general and high-dose use (>10 mg/day) in
particular. Although this finding is consistent with American Col-
lege of Rheumatology recommendations to taper glucocorticoids
promptly and avoid high-dose use,? it also limits our ability to val-
idate claims-based algorithms assessing high-dose use. Addi-
tionally, although self-reported current prednisone dose
assessed the day before the questionnaire reasonably approxi-
mates the mean dose for an active dispensing episode in our
sample, these measures do not reflect the fact that prednisone
dose can vary from day to day within a single dispensing episode,
for example, when a taper is prescribed. We were not able to cap-
ture prednisone prescribed by non-VA providers, though prior
work suggests veterans with RA are relatively unlikely to use med-
ical care.' To maximize algorithm performance, we did not
assess prednisone use for RA specifically, such that our results

likely capture prescriptions given by nonrheumatologists for other
indications (eg, chronic obstructive pulmonary disease flares). Our
analysis was limited to veterans and used VA claims; however,
our results largely agree with and support prior evidence in non-
veteran populations.>®'* We cannot exclude the possibility of
survey bias in our questionnaire responses, for example, recall
bias (which may be increased among older participants) or
demand bias from underreporting use unrelated to RA treatment
or reporting a prescribed dose when taking differently. We
attempted to mitigate this by limiting our evaluation to prednisone
use, which constitutes >95% of oral glucocorticoids prescribed to
this population. We also note that prior work evaluating the validity
of self-reported medication use in the past year, including evalua-
tions focused on older adults, shows excellent agreement with
pharmacy claims.?!

In conclusion, we found that algorithms derived from VA
claims can acceptably assess ongoing prednisone use in patients
with RA compared to a reference standard of patient self-report.
Such algorithms may also be useful for estimating mean daily
doses <7.5 mg/day of the prednisone equivalent, though we
had limited ability to assess their utility for higher doses due to
low prevalence. Our algorithm somewhat underestimated predni-
sone dose, contextualized by our finding of high self-reported glu-
cocorticoid stockpiling and prescribing by non-VA providers.
These findings may be used to estimate the performance of
claims-based algorithms for glucocorticoid use in research and
clinical contexts and to estimate the impact of use that cannot
be captured in claims.

AUTHOR CONTRIBUTIONS

All authors contributed to at least one of the following manuscript
preparation roles: conceptualization AND/OR methodology, software,
investigation, formal analysis, data curation, visualization, and validation
AND drafting or reviewing/editing the final draft. As corresponding
author, Dr Wallace confirms that all authors have provided the final
approval of the version to be published and takes responsibility for the
affirmations regarding article submission (eg, not under consideration
by another journal), the integrity of the data presented, and the state-
ments regarding compliance with institutional review board/Declaration
of Helsinki requirements.

REFERENCES

1. Wallace Bl, Lin P, Kamdar N, et al. Patterns of glucocorticoid prescrib-
ing and provider-level variation in a commercially insured incident
rheumatoid arthritis population: a retrospective cohort study. Semin
Arthritis Rheum 2020;50(2):228-236.

2. George MD, Baker JF, Wallace B, et al. Variability in glucocorticoid
prescribing for rheumatoid arthritis and the influence of provider pref-
erence on long-term use of glucocorticoids. Arthritis Care Res
(Hoboken) 2021;73(11):15697-1605.

3. Fraenkel L, Bathon JM, England BR, et al. 2021 American College of
Rheumatology guideline for the treatment of rheumatoid arthritis.
Arthritis Care Res (Hoboken) 2021;73(7):924-939.

4. Palmowski A, Nielsen SM, Boyadzhieva Z, et al. Safety and efficacy
associated with long-term low-dose glucocorticoids in rheumatoid



1358

WALLACE ET AL

10.

11.

12.

13.

arthritis: a systematic review and meta-analysis. Rheumatology
(Oxford) 2023;62(8):2652-2660.

Galvao RW, Curtis JR, Harrold LR, et al. Accuracy of administrative
claims prescription fill data to estimate glucocorticoid use and dose
in patients with rheumatoid arthritis. Pharmacoepidemiol Drug Saf
2023;32(11):1271-1279.

Joseph RM, van Staa TP, Lunt M, et al. Exposure measurement error
when assessing current glucocorticoid use using UK primary care
electronic prescription data. Pharmacoepidemiol Drug Saf 2019;
28(2):179-186.

Solomon DH, Stedman M, Licari A, et al. Agreement between patient
report and medical record review for medications used for rheumatoid
arthritis: the accuracy of self-reported medication information in
patient registries. Arthritis Rheum 2007;57(2):234-239.

Mikuls TR, Baker JF, Cannon GW, et al. The Veterans Affairs Rheuma-
toid Arthritis Registry: a unique population in rheumatoid arthritis
research. Semin Arthritis Rheum 2025;70S:152580.

George MD, Sauer BC, Teng CC, et al. Biologic and glucocorticoid
use after methotrexate initiation in patients with rheumatoid arthritis.
J Rheumatol 2019;46(4):343-350.

Cohen J. A coefficient of agreement for nominal scales. Educ Psychol
Meas 1960;20(1):37-46.

Ruopp MD, Perkins NJ, Whitcomb BW, et al. Youden Index and opti-
mal cut-point estimated from observations affected by a lower limit of
detection. Biom J 2008;50(3):419-430.

Cohen-Mekelburg S, Yu X, Costa D, et al. Variation in provider con-
nectedness associates with outcomes of inflammatory bowel dis-
eases in an analysis of data from a national health system. Clin
Gastroenterol Hepatol 2021;19(11):2302-2311.e1.

Wallace B, Tsai HJ, Lin P, et al. Prevalence and prescribing patterns
of oral corticosteroids in the United States, Taiwan, and Denmark,
2009-2018. Clin Transl Sci 2023;16(12):2565-2576.

14.

15.

16.

17.

18.

19.

20.

21.

Solomon DH, Ayanian JZ, Yelin E, et al. Use of disease-modifying
medications for rheumatoid arthritis by race and ethnicity in the
National Ambulatory Medical Care Survey. Arthritis Care Res
(Hoboken) 2012;64(2):184-189.

Lamore RF I, Hechenbleikner EM, Ha C, et al. Perioperative gluco-
corticoid prescribing habits in patients with inflammatory bowel dis-
ease: a call for standardization. JAMA Surg 2014;149(5):459-466.

Briine M, Emmel C, Meilands G, et al. Self-reported medication intake
vs information from other data sources such as pharmacy records or
medical records: identification and description of existing publica-
tions, and comparison of agreement results for publications focusing
on patients with cancer - a systematic review. Pharmacoepidemiol
Drug Saf 2021;30(5):531-560.

Grimaldi-Bensouda L, Rossignol M, Aubrun E, et al; the PGRx Study
Group. Agreement between patients’ self-report and physicians’ pre-
scriptions on nonsteroidal anti-inflammatory drugs and other drugs
used in musculoskeletal disorders: the international Pharmacoepide-
miologic General Research eXtension database. Pharmacoepidemiol
Drug Saf 2012;21(7):753-759.

Richardson K, Kenny RA, Peklar J, et al. Agreement between patient
interview data on prescription medication use and pharmacy records
in those aged older than 50 years varied by therapeutic group and
reporting of indicated health conditions. J Clin Epidemiol 2013;
66(11):1308-1316.

Schwab P, Sayles H, Bergman D, et al. Utilization of care outside the
Veterans Affairs health care system by US veterans with rheumatoid
arthritis. Arthritis Care Res (Hoboken) 2017;69(6):776-782.

West SL, Savitz DA, Koch G, et al. Recall accuracy for prescription
medications: self-report compared with database information.
Am J Epidemiol 1995;142(10):1103-1112.

Hafferty JD, Campbell Al, Navrady LB, et al. Self-reported medication

use validated through record linkage to national prescribing data.
J Clin Epidemiol 2018;94:132-142.



Arthritis Care & Research

Vol. 77, No. 11, November 2025, pp 1359-1367
DOI 10.1002/acr.25582

© 2025 American College of Rheumatology

AMERICAN COLLEGE
o RHEUMATOLOGY

E ing Rb logy Professional

Rheumatoid Arthritis and Risk of Thyroid Cancer:

A Nationwide Cohort Study
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Objective. Despite extensive cancer-related research in patients with rheumatoid arthritis (RA), there remains a
paucity of studies on thyroid cancer in patients with RA. We investigated the risk of thyroid cancer in patients with
RA using updated definitions to identify patients with RA and incident cases of thyroid cancer with consideration of

RA serologic status.

Methods. Using a nationwide database, we identified 40,895 patients with newly diagnosed RA between 2010 and
2017 and matched them by sex and age at a 1:5 ratio to a control population of 204,475 individuals without RA. The
association of thyroid cancer and RA with consideration of serostatus was investigated using Cox regression analyses.
Stratified analyses by sex and age were conducted using the same Cox modeling.

Results. During 5.5 years of follow-up, compared to the matched control group, the adjusted hazard ratio (aHR) of
thyroid cancer in patients with overall RA was 0.98 (95% confidence interval [Cl] 0.85-1.13). Compared to the seroneg-
ative patients with RA, seropositive patients with RA did not show a significantly different risk of thyroid cancer (aHR
1.03, 95% CI 0.78-1.36). Stratified analyses by age or sex showed no statistical interaction.

Conclusion. Patients with newly diagnosed RA did not show a different risk of thyroid cancer compared to a
matched control group. The risk of thyroid cancer incidence was not affected by serologic status of RA, sex, or age.

INTRODUCTION

In patients with rheumatoid arthritis (RA), various comorbidities,
including cardiovascular disease, infections, and cancers, increase
the disease burden and reduce life expectancy.'? Cancer is one of
the leading causes of death in patients with RA, 2 and the autoim-
mune and chronic inflammatory pathogenesis of RA along with
common environmental and genetic risk factors between RA and
cancers may increase the risk of cancer in patients with RA.®*
However, although previous meta-analyses reported an increased
risk of overall cancer in patients with RA (pooled standardized inci-
dence ratio [SIR] 1.09, 95% confidence interval [Cl] 1.06-1.13),
associations between RA and site-specific cancers, especially solid
cancers, have varied in individual studies.®®
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SIGNIFICANCE & INNOVATIONS

+ To the best of our knowledge, this study is the first
to evaluate risk of thyroid cancer in patients with
rheumatoid arthritis (RA) with concomitant consid-
eration of RA serostatus.

« Compared to the non-RA population, patients with
newly diagnosed RA did not show a different risk
of thyroid cancer.

« The risk of thyroid cancer incidence was not
affected by serologic status of RA, sex, or age.

some showed an increased incidence,'®'® whereas others did

not.’1® These studies'®'® included a small number of thyroid
cancer cases (~23 cases) and reported SIR which could not be
adjusted for important confounding factors, such as smoking
and alcohol drinking."®'® Two recent studies using the Korean
National Health Insurance Database evaluated risk of thyroid can-
cer compared with a matched control group with adjustment for
important confounders, but the results were inconsistent; the
adjusted hazard ratios (aHRs) in the overall RA group were 1.01
(95% Cl 0.69-1.46) in the study by Choi et al'” and 1.76 (95%
Cl 1.07-2.90) in the study by Park et al'® However, the study by
Choi et al did not consider serologic status,’” and the study
by Park et al included only patients with seropositive RA
(SPRA)." Also, these studies defined thyroid cancer outcome
only using diagnostic codes,'®'” which are potentially subject to
overestimation of cancer cases.

Therefore, the objective of this study was to investigate the
risk of thyroid cancer in patients with RA using updated definitions
to identify patients with RA and incident cases of thyroid cancer
with appropriate consideration of major confounding factors. In
addition, stratified analyses were conducted according to sero-
logic status, sex, and age to examine the association between
RA and thyroid cancer.

METHODS

Data source. This retrospective cohort study was con-
ducted using the National Health Information Database (NHID)
provided by the Korean National Health Insurance Service
(NHIS) for research purposes. The Korean NHIS provides univer-
sal health insurance for 97% of the Korean population and medi-
cal aid for the remaining 3% of the population in the lowest
income bracket through financial subsidization by the govern-
ment. In addition, the beneficiaries >40 years of age or employees
at any age are eligible to participate in free health screening exam-
ination programs offered by the NHIS at least once every two
years. Hence, the NHID includes all demographic and health care
information, such as outpatient clinic visits, hospitalizations, diag-
nostic codes, and medication prescriptions, as well as national
health examination results,2%

Identification of patients with RA. Separate opera-
tional definitions were applied to identify patients with newly diag-
nosed SPRA and seronegative RA (SNRA), as in previous
research.?272° The Korean NHIS provides the Rare and Intracta-
ble Disease (RID) program for patients with certain diseases,
including cancers and systemic autoimmune disease. Patients
registered in the RID program receive beneficial cost reduction
for relevant medical expenses. For patients with RA, only patients
with SPRA who meet the following conditions are eligible for the
RID program: a positive result for rheumatoid factor (RF) or anti—
citrullinated protein antibodies (ACPAs) and a doctor’s official cer-
tification of RA.

In this study, patients with SPRA were defined using the
diagnostic code M05 from the International Classification of Dis-
eases, Tenth Revision (ICD-10) and the RID registration code
V223 with prescription records of any disease-modifying anti-
rheumatic drugs (DMARDs) (Supplementary Table S2). Patients
who visited medical institutions, including hospitalization and out-
patient visits, with claims records of ICD-10 code MO5 for the first
time between 2010 and 2017, followed by registration in the RID
program, and who also had prescription records of DMARDs for
>270 days were defined as patients with newly diagnosed SPRA.
Patients with initial claims records of ICD-10 code MO06, except
M06.1 and M06.4, between 2010 and 2017 and prescription
records of DMARDs for >270 days were defined as patients with
newly diagnosed SNRA.

Study population. We initially selected individuals who
had no claims records of either RA-related ICD-10 or RID codes
before January 1, 2010, and who were not diagnosed with any
other rheumatologic diseases identified using ICD-10 or RID
codes (Supplementary Table S3). After applying the aforemen-
tioned operational definition for patients with RA, the initial cohort
of patients with newly diagnosed RA between 2010 and 2017
and aged >40 years numbered 92,336 people. From the initial
cohort, we excluded patients who did not participate in the
national health examination within the two years before RA diag-
nosis (n = 37,426), those who had missing data from the national
health checkup (n = 1,925), and those who were diagnosed with
any cancer (n = 2,902) before the index date. We additionally
excluded those with a diagnosis of thyroid cancer within a lag
period of one year from the index date (n = 491). The same inclu-
sion and exclusion criteria described here were also applied to the
non-RA population. Afterward, each identified patient with RA
was matched 1:5 to individuals without RA on age and sex,?®
and the final study population included 40,895 patients with RA
and 204,475 individuals without RA (Figure 1).

The study protocol was approved by the Institutional Review
Board of Samsung Medical Center (IRB no. SMC 2022-06-141).
Due to the anonymity of the NHIS data, the requirement for
informed consent from individual participants was waived.
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Newly diagnosed RA patients = 40
years between 2010 and 2017
N=92,366
SPRA N=66,493, SNRA N=25,843

Non-RA population
N=1,162,700

RA Excluded Non-RA
42,744 579,647
37,426 did not undergo the national health 521,359

examination within 2 years before index date

1,925 with missing values 24,343
in the national health examination

2,902 previously diagnosed with any cancers 31,192
before index date

4N diagnosed with thyroid cancer 2,753
within 1 year after index date

v

RA patients after exclusion
N=49,592
SPRA N=35331, SNRA N=14,261

h J

Final RA population after matching

1:5 Matching on age and sex

A4

Non-RA population after exclusion
N=583,053

h 4

Final non-RA population

N=40,895
SPRA N=28,997, SNRA N=11,898

after matching
N = 204,475

Figure 1. Flow diagram of the study population. Patients with RA were matched by sex and age at a 1:5 ratio with patients without RA. RA, rheu-
matoid arthritis; SNRA, seronegative rheumatoid arthritis; SPRA, seropositive rheumatoid arthritis.

Outcomes: Thyroid cancer incidence. The end point of
this study was newly diagnosed thyroid cancer. Incidence of thy-
roid cancer was identified with a combination of the ICD-10 code
C73 in claims records and registration for the critical illness
copayment reduction program. In Korea, patients with cancer
are eligible for the critical illness copayment reduction program,
which provides a beneficial cost reduction to 5% copayment for
cancer-related medical expenses compared to 30% copayment
for other general medical conditions; nearly all patients with can-
cer are registered in this program. Ascertainment of cancer cases
using this information has been validated in the Korean health
care setting.?” The date when the RA-related diagnostic code
was first registered was defined as the index date. The follow-up
started one year after the index date and ended at the date of thy-
roid cancer diagnosis (incidence), death from any cause, or
December 31, 2020, whichever came first.

Covariates. Information from anthropometric examination
(height, weight, and blood pressure) and lifestyle (smoking status,
alcohol consumption, and exercise) based on self-reported ques-
tionnaires was obtained from a national health examination per-
formed within two years before the index date. Individuals who
reported alcohol intake >0 g/day were defined as drinkers. Smok-
ing status was categorized into five groups: never-smoker, ex-
smoker at <20 pack-years (PY), ex-smoker at >20 PY, current

smoker at <20 PY, and current smoker at >20 PY. Moderate
exercise for five or more days or vigorous exercise for three or
more days in a week was defined as regular exercise. Body mass
index (BMI) was calculated by dividing weight by the square of
height (kg/m?), and individuals with BMI =25 were categorized
as having obesity.?®2°

Comorbidities were defined as follows: (1) diabetes, either
diabetes-related ICD-10 codes (E11-E14) with prescription
records of antidiabetic medications or a fasting glucose level >126
mg/dL recorded in a national health examination; (2) hypertension,
either hypertension-related ICD-10 codes (110113, 115) with pre-
scription records of antihypertensive medications or high blood
pressure (systolic blood pressure >140 mm Hg or diastolic blood
pressure >90 mm Hg) measured in a national health examination;
(3) dyslipidemia, dyslipidemia-related ICD-10 code (E78) with pre-
scription records of antidyslipidemia medications or total choles-
teral level >240 mg/dL recorded in a national health examination;
and (4) chronic kidney disease, an estimated glomerular filtration
rate <60 mL/min/1.73 m?, calculated using the Modification of Diet
in Renal Disease equation in a national health examination.

Statistical analysis. Baseline characteristics of the study
population were presented as numbers with percentages for cat-
egorical variables and as means with SDs for continuous
variables. Comparisons between groups were performed using
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t-tests for continuous variables and chi-square tests for categori-
cal variables. The Kaplan-Meier plot was used to illustrate the
cumulative incidence probability of thyroid cancer in patients with
RA compared with the non-RA population.

Cox proportional hazards analyses were performed to esti-
mate hazard ratios and 95% Cls of thyroid cancer in patients with
RA. The proportional hazard assumption was assessed using
Schoenfeld’s residuals. Incidence rates of thyroid cancer were
calculated as per 1,000 person-years. The analysis models
were adjusted for the following variables sequentially. Model
1 was the crude model. Model 2 was adjusted for well-recognized
factors associated with thyroid cancer in the general population:
age,®° sex,®° smoking status,'®"° alcohol drinking,'®'° physical
activity,®" income level,? BMI,® and comorbid diabetes.>* Model
3 was adjusted for variables in model 2 plus comorbid hyperten-
sion, dyslipidemia, and chronic kidney disease.>**" Although
hypertension and dyslipidemia are not established risk factors for
thyroid cancer, previous studies conducted in Korea reported that
metabolic syndrome and its components were associated with an
increased risk of thyroid cancer.2%%” Potential interactions between
covariates were examined by adding cross-combinations of vari-
ables to the final analysis model (model 3). For sensitivity analysis,
additional analyses using the stratified Cox model with the same
covariates were conducted.

Analyses stratified by sex and age were conducted using
the same Cox proportional hazard modeling. In addition,
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competing risk analyses using the Fine-Gray proportional sub-
distribution hazards model were performed to calculate sub-
distribution hazard ratios and 95% ClIs for the outcome
events with death as a competing risk. Statistical analyses
were performed using SAS version 9.4 (SAS Institute Inc), and
two-tailed P values <0.05 were considered to indicate statisti-
cal significance.

RESULTS

Baseline characteristics. In a total of 40,895 patients
with newly diagnosed RA, 30,634 (74.9%) were female and
28,997 (70.9%) had SPRA (Table 1). The mean age of the partic-
ipants was 57.8 (SD 9.4) years at baseline. Compared with the
matched non-RA group, patients with RA showed a higher prev-
alence of smoking but were less likely to be drinkers or have obe-
sity (Table 1). Compared with patients with SNRA, patients with
SPRA showed higher current smoking rates but lower alcohol
consumption rates (Table 1).

Risk of thyroid cancer in patients with RA. During a
mean follow-up of 5.5 (SD 2.2) years after a 1-year lag period,
the number of diagnosed thyroid cancer cases was 244 in the
RA group and 1,263 in the matched non-RA group (Table 1). Inci-
dence probabilities of thyroid cancer in patients with RA during
follow-up are presented in Figure 2. Compared with the matched
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S | — SNRA Group . P
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0.006
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0.004
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0.002
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0.000
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Control 204475 203449 202,301 171,141 140,631 110985 B4,348 58864 34007 12960 Control 204,475 203449 202301 171,147 140631 110985 84348 58864 34007 12960
RA 40895 40482 40101 33782 27637 21684 16410 11401 6538 2458 SPRA 28997 28675 28360 23966 19606 15304 11587 8213 4873 1876

SMNRA 11,898 11807 11,741 9816 8031 6380 4823 3188 1665 582

Figure 2. Kaplan-Meier curves showing the incidence probability of thyroid cancer in overall patients with RA (left) and in patients with SPRA and
SNRA (right) compared to the control group. F/U, follow-up; RA, rheumatoid arthritis; SNRA, seronegative rheumatoid arthritis; SPRA, seropositive

rheumatoid arthritis.
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Table 2. HRs and 95% Cls for thyroid cancer incidence in patients with RA*
Follow-up duration, Model 1, Model 2, Model 3,
N Event, n person-years IR per 1,000 HR (95% Cl) HR (95% Cl) HR (95% Cl)
Overall
Control 204,475 1,263 1,122,390 113 1 (Reference) 1 (Reference) 1 (Reference)
RA 40,895 244 221,210 1.10 0.98 (0.85-1.12)  0.98 (0.86-1.13)  0.98 (0.85-1.13)
Serologic status of RA
Control 204,475 1,263 1,122,390 1.13 1 (Reference) 1 (Reference) 1 (Reference)
SNRA 11,898 69 63,980 1.08 0.96(0.75-1.22) 0.97(0.76-1.23) 0.96(0.75-1.22)
SPRA 28,997 175 157,230 1.11 0.99 (0.84-1.16)  0.99(0.85-1.16)  0.99 (0.84-1.16)
SNRA vs. SPRA
SNRA 11,898 69 63,980 1.08 1 (Reference) 1 (Reference) 1 (Reference)
SPRA 28,997 175 157,230 1.11 1.04(0.78-1.37) 1.03(0.78-1.36) 1.03(0.78-1.36)

* Model 1: unadjusted; model 2: adjusted for age, sex, smoking, alcohol drinking, regular physical activity, income level, body mass index, and
diabetes; model 3: adjusted for variables in model 2, hypertension, dyslipidemia, and chronic kidney disease. Cl, confidence interval; HR, hazard

ratio; IR, incidence rate; RA, rheumatoid arthritis; SNRA, seronegative rheumatoid arthritis; SPRA, seropositive rheumatoid arthritis.

non-RA group, the aHR of thyroid cancer in patients with overall
RA was 0.98 (95% CI 0.85-1.13 in model 3) (Table 2). Results
using the stratified Cox model were consistent with those
using the main analysis model (Supplementary Table S4).
According to serologic status of RA, the aHRs of thyroid
cancer were 0.99 (95% Cl 0.84-1.16 in model 3) for patients
with SPRA and 0.96 (95% CI 0.75-1.22 in model 3) for
patients with SNRA compared with the matched non-RA
group (Table 2). Compared with the patients with SNRA, the
patients with SPRA did not show a significantly different risk
of thyroid cancer (aHR 1.03, 95% CI 0.78-1.36 in model 3)
(Table 2). Results from competing risk analyses also showed
consistent results from main analyses (Supplementary
Table S5).

Subgroup analyses. In the subgroup analysis stratified by
sex, compared with the matched non-RA group, the aHRs of thy-
roid cancer were 0.95 (95% CI 0.82-1.10 in model 3) in female

patients with RA and 1.30 (95% CI 0.85-2.00 in model 3) in male
patients with RA (P for interaction = 0.179) (Table 3). Analyses
stratified by age group (40-59 years vs >60 years) showed no
statistical interaction (P for interaction = 0.129), and the aHRs
were 1.05 (95% CI 0.89-1.23 in model 3) in the younger group
and 0.820 (95% CI 0.62-1.08 in model 3) in the older
group (Table 3).

DISSCUSSION

In this nationwide cohort study, the risk of thyroid cancer in
patients with newly diagnosed RA was not significantly different
from that of the matched non-RA group regardless of RA sero-
logic status. Compared with the patients with SNRA, the risk of
thyroid cancer was not increased in the patients with SPRA. In
the subgroup analyses stratified by sex and age, a significant dif-
ference in a risk of thyroid cancer was not observed in patients
with RA compared with the counterpart control population.

Table 3. Associations between thyroid cancer and RA according to sex and age*

Follow-up
duration, IRper  Model 1, P for Model 2, P for Model 3, P for
N Event, n (person-years) 1,000 HR(95% Cl) interaction HR (95% Cl) interaction HR (95% Cl) interaction
Sex
Male
Control 51,305 103 274,628 0.38 1 (Reference) 0.171 1 (Reference) 0.180 1 (Reference) 0.179
RA 10,261 26 53,158 0.49 1.30(0.85-2.00) 1.30(0.85-2.01) 1.30(0.85-2.00)
Female
Control 153,170 1,160 847,762 137 1 (Reference) 1 (Reference) 1 (Reference)
RA 30634 218 168,053 130 0.95(0.82-1.10) 0.96 (0.83-1.11) 0.95(0.82-1.10)
Age
40-59y
Control 119,095 892 664,268 134 1 (Reference) 0.140 1 (Reference) 0.128 1 (Reference) 0.129
RA 23,819 185 132,502 1.40 1.04(0.89-1.22) 1.05 (0.90-1.23) 1.05 (0.89-1.23)

>60y
Control 85380 371 458,122 0.81
RA 17,076 59 88,708

1 (Reference)

0.67 0.82(0.62-1.08)

1 (Reference)
0.82 (0.62-1.08)

1 (Reference)
0.82 (0.62-1.08)

* Model 1: unadjusted; model 2: adjusted for age, sex, smoking, alcohol drinking, regular physical activity, income level, body mass index, and
diabetes; model 3: adjusted for variables in model 2, hypertension, dyslipidemia, and chronic kidney disease. Cl, confidence interval; HR, hazard
ratio; IR, incidence rate; RA, rheumatoid arthritis.
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To the best of our knowledge, this study is the first to evalu-
ate the risk of thyroid cancer in patients with RA with concomitant
consideration of RA serostatus. Other strengths of our study
include the following: (1) the nationwide cohort in a region with
high incidence of thyroid cancer,®® which enhances statistical
power; (2) the use of a nationwide database that provides reliable
prescription records from a compulsory, single national insurance
system and various medical information from the national health
examination; and (3) the application of operational definitions for
identification of patients with newly diagnosed RA using both
RA-related disease codes and prescription records to minimize
overestimation of RA cases.

Autoimmunity and chronic inflammation are cardinal features
of RA.% Chronic inflammation has also been accepted as a main
pathophysiology of cancer.®® In autoimmune diseases, the
proinflammatory environment may support the initiation and
growth of precancerous lesions, leading to an increased risk of
cancer in patients with autoimmune diseases.*® The relation-
ship between RA and diseases of the thyroid gland has raised
interest because of the autoimmune pathogenesis that under-
lies both RA and AITD, where the bidirectional association
between AITD and RA was reported.®® Although the exact
mechanism is not clearly understood, genetic susceptibility
and defects in immune tolerance due to autoimmune condi-
tions may play roles in the co-occurrence of AITD and RA.6+4'
Despite extensive cancer-related research in patients with
RA, however, there remained a paucity of studies on the asso-
ciation between RA and thyroid cancer.

Based on previous findings, we hypothesized that the risk of
thyroid cancer might be increased in patients with RA. In addition,
albeit controversial, an association between seropositivity and
disease activity has been reported,***® and the presence of RF
and/or ACPA have been suggested as poor prognostic factors
in patients with RA.**%5 A previous study reported that the
increased risk of lung cancer was significantly associated with
seropositivity and also differed by subtypes of SPRA.*® Thus, we
expected that the risk of thyroid cancer might vary by serologic
status due to difference in disease severity and autoimmunity or
by sex due to higher prevalence of AITD in female patients with
RA. Compared with the non-RA group, however, the risk of thy-
roid cancer was not increased in patients with RA regardless of
serologic status or sex in our study.

Through a literature review, inconsistent results regarding
association between RA and thyroid cancer have been found,
even across studies using the same national database in Korea
and in Taiwan (Supplementary Table S1). These inconsistent
results may be explained by several reasons: (1) the RA popula-
tion could be misclassified if defined using diagnostic codes alone
or by short periods of DMARD prescription'?"%; (2) the number of
cancer cases could be overestimated when only using diagnostic
codes because cancer-related codes can be up-coded as rule-
out codes for the cancer screening test, especially during the

thyroid cancer “epidemic” in Korea’”*®; and (3) some studies

have been limited by insufficient consideration of key confounding
factors or by a small number of study participants.’®>™'® Further-
more, none of the previous studies considered serologic status
of RA. In our study, such biases could be reduced because of
the strict operational definitions for both RA%® and cancer cases®’
and consideration of various confounding factors using a large
nationwide database.

An interesting finding in our study was that the risk of thy-
roid cancer was not increased in patients with SPRA com-
pared with the non-RA group or even patients with SNRA.
Previous studies have reported a significant association
between AITD and thyroid cancer,'©'24° but a risk of bias
and a high level of heterogeneity among previous studies
existed.”® The lack of a significant association between RA,
especially SPRA, and thyroid cancer in our study may indirectly
suggest that autoimmunity is not a main pathophysiology of
thyroid cancer in patients with RA.

There are limitations of our study. First, because we used
secondary data from the administrative database provided by
the NHIS, we were not able to consider clinical factors, such
as RA severity and the stage and pathology of thyroid cancer,
which may affect cancer risks in patients with RA. Second,
the use of immunosuppressive medication in patients with RA
was not considered in this study. Third, the comorbidities of
benign thyroid diseases, including thyroid nodules, goiter,
hyperthyroidism, and hypothyroidism, were not considered in
this study. Although the causal relation between these benign
thyroid diseases and thyroid cancer is still unclear, their associ-
ation has been reported in previous epidemiology studies.’ "4’
Lastly, there is a possibility of overdiagnosis of thyroid cancer
due to extensive screening with ultrasonography in Korea,
which may have an effect on the association between RA and
thyroid cancer. However, because the likelihood of overdiag-
nosis of thyroid cancer increases with greater access to health
care*” and patients with RA generally visit hospitals on a regu-
lar basis, leading to greater opportunities for cancer surveil-
lance, the null association between RA and thyroid cancer in
our study could be further supported by the higher detection
bias in patients with RA.

In conclusion, in this nationwide cohort study, patients with
newly diagnosed RA did not show a different risk of thyroid
cancer compared to a matched control group. The risk of thy-
roid cancer incidence was not affected by serologic status of
RA, sex, or age. Further studies that consider effects of immu-
nosuppressive RA medication and comorbidity of thyroid dis-
eases in patients with RA are needed to clarify risk of thyroid
cancer in patients with RA.
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BRIEF REPORT

Sleep Matters: Exploring the Link Between Sleep
Disturbances and Fatigue in Rheumatoid Arthritis

Natalia V. Chalupczak,' ©*) Burcu Aydemir,? 2/ Ariel Isaacs, Lutfiyya N. Muhammad,? Jing Song,?
Kathryn J. Reid,? Daniela Grimaldi,? Mary Carns,? Kathleen Dennis-Aren,? Dorothy D. Dunlop,? Beth I. Wallace,*
Phyllis C. Zee,? and Yvonne C. Lee?

Objective. Fatigue is a prevalent and debilitating symptom for patients with rheumatoid arthritis (RA). Although
patients and rheumatologists often attribute fatigue to inflammation, other factors such as sleep disturbances are fre-
quently overlooked. This study aims to explore the relationship between subjective (self-reported) and objective (acti-
graphy based) sleep parameters and self-reported fatigue in patients with RA.

Methods. This cross-sectional analysis included data from 48 adult patients with RA from a single academic rheu-
matology practice. Sleep data were obtained daily over 14 days with actigraphy (objective) and the Karolinska Sleep
Diary (subjective). Fatigue was assessed using the Patient-Reported Outcome Measurement Information System
(PROMIS) fatigue computerized adaptive test. Spearman’s correlations and linear regression analyses were used to
examine associations between sleep parameters and fatigue, adjusting for swollen joint count, pain intensity, and
symptoms of depression.

Results. Subjective sleep parameters showed significant correlations with PROMIS fatigue. Longer total sleep time
(p =-0.4, P <0.01), higher sleep efficiency (p = -0.42, P < 0.01), and better sleep quality (p = -0.5, P < 0.01) were asso-
ciated with lower levels of fatigue. Objective actigraphy-based sleep parameters were not significantly associated with
PROMIS fatigue. Separate linear regression models demonstrated that each subjective sleep parameter remained sig-
nificantly associated with fatigue after adjusting for covariates.

Conclusion. Self-reported poor sleep duration, efficiency, and quality were significantly associated with fatigue in
patients with RA, whereas objective actigraphy-based sleep parameters were not, supporting the integration of self-

reported assessment of sleep disturbances into RA treatment plans to improve patient outcomes.

INTRODUCTION

Over 50% of patients with rheumatoid arthritis (RA) report
fatigue, often on a daily basis." Despite fatigue being one of the
most commonly reported and psychologically distressing symp-
toms experienced by patients with RA, it is rarely directly targeted
for treatment.? Patients with RA and rheumatologists often attri-
bute fatigue to disease activity and inflammation and rely on
standard-of-care therapy with disease-modifying antirheumatic
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drugs (DMARDs) to manage fatigue. However, several studies
have reported that the association between fatigue and systemic
markers of inflammation, such as erythrocyte sedimentation rate
and C-reactive protein, are modest at best,® and although treat-
ment with DMARDs improves fatigue, the magnitude of effect is
small.*

This focus on RA-related factors has often contributed to the
oversight of other important contributors, such as sleep distur-
bances. Dar et al found that patients with RA predominantly
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SIGNIFICANCE & INNOVATIONS

+ Use of daily sleep diaries: Most studies of rheuma-
toid arthritis (RA) have used retrospective assess-
ments of sleep quality over the past week or
month. By employing daily sleep diaries over a
14-day period, this research provides a more
nuanced assessment of the relationship between
specific self-reported sleep parameters and fatigue.

+ Independent impact of sleep on fatigue: This study
demonstrates that self-reported measures of poor
sleep (short duration, low efficiency, and poor qual-
ity) are independently associated with fatigue in
patients with RA, even after adjusting for inflamma-
tion, pain, and symptoms of depression. This find-
ing challenges the traditional view that fatigue in
RA is primarily driven by inflammatory disease
activity and pain.

+ Targeting sleep in RA management: Our results
highlight the importance of routinely assessing and
addressing self-reported sleep disturbances as part
of comprehensive RA treatment plans, as interven-
tions aimed at improving self-reported sleep could
help alleviate fatigue and enhance overall patient
well-being.

+ Foundation for future research: This study show-
cases the need for future longitudinal research to
establish causal relationships between sleep distur-
bances and fatigue in RA and develop effective
sleep-focused interventions for managing fatigue
in patients with RA.

attributed fatigue to joint inflammation and pain, with minimal con-
sideration given to sleep quality.® Similarly, da Silva et al reported
that patients and rheumatologists often prioritize rheumatic dis-
ease management over addressing sleep-related issues.®

This study explores the relationship between objective (acti-
graphy) and self-reported sleep parameters and fatigue in
patients with RA. We aim to identify modifiable sleep-related fac-
tors that could become specific targets for interventions aimed
at mitigating fatigue. We hypothesize that impairments in specific
sleep parameters (eg, low sleep duration, poor sleep efficiency,
impaired wake after sleep onset [WASQ], and poor sleep quality)
are significantly associated with higher fatigue, even when con-
trolling for RA-related factors such as inflammation and pain.

METHODS

We conducted a cross-sectional analysis of 48 adult patients
with RA enrolled in the Sleep, Pain, and Autonomic Function in RA
(SPAN-RA) study.” All participants were from a single academic rheu-
matology practice, >18 years old, and met the American College of
Rheumatology/EULAR 2010 criteria for RA. Because the original
SPAN-RA study was designed to assess heart rate variability, the
enrollment criteria excluded patients with diagnoses of cardiac

arrhythmias and obstructive sleep apnea (OSA), as well as anyone
routinely taking as well as anyone routinely taking beta blockers, cen-
tral acting pain medications, opioids, and sedatives. Ethics approval
was obtained from the Institutional Review Board of Northwestern
University. All participants provided written informed consent.

Actigraphy-based sleep measures. Actigraphy data
were recorded using the Actiwatch Spectrum (Phillips Respiro-
nics) and worn on participants’ nondominant wrists for 14 days.
Data were sampled at 30-second intervals and processed using
the manufacturer’s proprietary software (Actiware, version 6.0).
Main resting intervals were manually scored. Any 24-hour record-
ing period including >4 hours of nonwear was excluded. Sleep
parameters included sleep duration, sleep efficiency, and WASO.
Sleep duration, measured as the total time spent asleep in the
main rest interval, was calculated in minutes. Sleep efficiency
measured the percentage of time spent asleep while in bed and
was calculated as 100% x total sleep time over time in bed.
WASO, defined as the time, in minutes, spent awake after the
onset of sleep, was calculated as total time of the intervals scored
as wake between sleep onset and sleep offset in the sleep inter-
val. Sleep measures were averaged across all valid days in the
recording period.

Self-reported sleep measures. Self-reported measures
of sleep were collected using the Karolinska Sleep Diary.® Partici-
pants were instructed to complete this diary every morning for
14 days. Subjective sleep parameters included duration (subjec-
tive sleep length in 10-minute intervals), efficiency (derived from
sleep length/time spent in bed), WASO (minutes spent awake
after falling asleep), and quality. Sleep quality was derived from a
summated index (score range 4-20, higher scores indicating bet-
ter sleep quality) constructed from four items in the Karolinska
Sleep Diary log (sleep quality, restless sleep, difficulties falling
asleep, and premature [final] awakening).® All measures were
averaged over the total number of sleep diary days.

Other measures. All individuals completed the Patient-
Reported Outcome Measurement Information System (PROMIS)
fatigue and depression computerized adaptive tests. PROMIS T
scores are standardized metrics derived from item response
theory—based assessments. T scores have a mean of 50 (repre-
senting the general population) and an SD of 10. Higher T scores
indicate more of the concept being measured. For example,
PROMIS fatigue T scores above 55 reflect moderate fatigue, and
scores above 60 indicate severe fatigue.'® Pain intensity was
assessed via a pain intensity numerical rating scale ranging from
0 to 10. Swaollen joint count was determined by a single trained
assessor using a standardized 28-joint count.

Statistical analysis. Descriptive statistics were computed
to summarize the demographic and clinical characteristics of the
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cohort. Spearman’s correlations (rho) were performed to deter-
mine the strength of correlations between each wrist actigraphy-
and diary-based sleep parameter and the outcome of fatigue.
Only sleep parameters that demonstrated significant correlations
with fatigue were included in subsequent linear regression
analyses.

Separate linear regression models were conducted to
assess the associations between different sleep parameters and
fatigue, with the PROMIS fatigue T score as the outcome. For
the purposes of analysis, sleep duration was expressed in
10-minute increments to provide a more interpretable measure
of its association with fatigue. Both unadjusted and adjusted
models were constructed, with the latter controlling for potential
confounders of depression, swollen joint count, and pain
intensity.

All data analyses were performed using R (version 4.2.2). The
strength and direction of associations were determined using
regression coefficients (beta) with 95% confidence intervals
(Cls). An alpha level was set at P < 0.05 for all analyses. With a
sample size of 48, we have 80% power to detect a medium
effect size of Cohen’s % = 0.19 using a multiple regression model
with four independent variables at an a level of 0.05. Additionally,
we have adequate power (greater than 80%) to detect correla-
tions of 0.42 or greater using a correlation test at an a level
of 0.05.

RESULTS

Baseline participant characteristics. The study cohort
comprised 48 patients, all with complete sleep and fatigue data
(Table 1). Participants were predominantly female (95.8%), White
(62.1%), seropositive (70.8%), and using DMARDs (89.6%).
Actigraphy-derived sleep characteristics were reported in a previ-
ous publication.”

Correlations between sleep parameters and fatigue.
Self-reported sleep measures. Participants who reported longer
total sleep time and higher sleep efficiency had significantly lower
fatigue (p = -0.4, P < 0.01, and p = -0.42, P < 0.01, respectively;
Figure 1B and D). Similarly, a better sleep quality index score was
associated with lower fatigue (p = —-0.5, P < 0.01; Figure 1C).
Remaining self-reported sleep measures, including WASO, onset
latency, number of awakenings, and other self-reported sleep log
measures, were not significantly associated with fatigue.

Actigraphy-based sleep measures. Actigraphy-based
measures of sleep duration (p = -0.08, P = 0.608), sleep effi-
ciency (p = 0.00, P = 0.986), WASO (p = 0.01, P = 0.921), sleep
fragmentation (p = 0.09, P = 0.564), number of awakenings
(p = 0.1, P = 0.491), and sleep onset latency (p = 0.01, P =
0.921) were not significantly associated with PROMIS fatigue.
Because the actigraphy-based measures were not significantly

Table 1. Baseline characteristics of study participants, N = 48*

Value
Demographics
Age,y 55.0 (41.5-64.8)
BMI 26.6 (22.4-32.8)
Female, % 95.8
Race and ethnicity, %
White 52.1
Asian 6.3
Black or African American 125
Hispanic or Latino 25.0
Other 4.2
Clinical factors
Clinical Disease Activity Index 5.0 (2.0-12.0)

Swollen joint count (0-28) 0.0 (0.0-2.0)

Tender joint count (0-28) 1.0(0.0-4.2)

Patient global (patient global assessment 2.0(1.0-4.0)
of disease activity) (0-10)

Assessor global (assessor global 1.0 (0.0-2.0)
assessment of disease activity) (0-10)
Pain intensity NRS (0-10) 3.0 (1.0-5.0)

PROMIS depression
PROMIS fatigue

47.2 (39.6-51.8)
48.6 (42.5-57.1)

Steroid use, % 12.5

RA duration, y 9.8 (4.0-16.2)

Seropositivity, % 70.8

Any DMARD use, % 89.6

Conventional DMARD, % 62.5

Biologics and targeted synthetic 54.2
DMARD, %

Sleep diary measures
Sleep duration, min
Sleep efficiency, %
Wake after sleep onset, min 11.9(6.5-30.1)
Sleep quality index 14.1(12.4-16.3)

*Values are median (Q1-Q3), unless noted otherwise. BMI, body
mass index; DMARD, disease-modifying antirheumatic drug; NRS,
numeric rating scale; PROMIS, Patient-Reported Outcome Measure-
ment Information System; RA, rheumatoid arthritis.

4274 (402.1-454.1)
89.9 (86.0-94.0)

associated with PROMIS fatigue, they were not included in sub-
sequent analyses.

Linear regression analysis of fatigue on sleep diary
measures. Shorter self-reported sleep duration (B = —0.66,
95% Cl —1.2 to -0.09), lower sleep efficiency (B = -0.67, 95%
Cl -1.10 to -0.25), and worse sleep quality (B = —1.50, 95% ClI
-2.40 to —0.62) were significantly associated with worse fatigue
in unadjusted models. The association between WASO and
fatigue was not statistically significant (8 = 0.06, 95% CI -0.09 to
0.21). After adjustment for symptoms of depression, swollen joint
count, and pain intensity, significant associations between self-
reported sleep duration (3 = —0.50, 95% CI —-0.94 to —0.07), sleep
efficiency (B = -0.41, 95% CI —0.76 to —0.05), sleep quality (8 =
-0.81, 95% CI -1.60 to —0.05), and fatigue persisted, although
these associations were attenuated (Table 2). The association
between WASO and fatigue was not statistically significant after
covariate adjustment (8 = 0.02, 95% CI -0.10 to 0.13).
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Figure 1. Scatter plots illustrating the relationship between self-reported sleep parameters and PROMIS fatigue. Each plot shows the correlation

between PROMIS fatigue and (A) WASO, (B) sleep efficiency, (C) sleep quality index, and (D) sleep duration, based on Spearman’s correlation
coefficients. PROMIS, Patient-Reported Outcome Measurement Information System; WASO, wake after sleep onset.

DISCUSSION

In this study of patients with established RA, longer self-
reported sleep duration, higher self-reported sleep efficiency,
and better self-reported sleep quality were associated with lower
levels of self-reported fatigue. These relationships persisted after
adjusting for joint inflammation, pain, and depressive symptoms.
These findings suggest that self-reported poor sleep contributes
independently to the experience of fatigue among patients with
RA, challenging the commonly held view that fatigue is mainly
driven by inflammatory disease activity or pain in this population.?

Our study builds on previous studies examining the associa-
tion between sleep quality and fatigue. One of the largest studies
(N = 158) was a cross-sectional analysis by Katz et al, which
showed that poor sleep quality (assessed by the Pittsburgh Sleep
Quality Index), inactivity, depression, and obesity were all associ-
ated with fatigue." Our study extends these results by providing

information on specific self-reported sleep parameters (eg, sleep
duration and sleep efficiency) through daily sleep diaries. This
more nuanced view of self-reported sleep disturbances enabled
us to identify sleep duration and sleep efficiency (in addition to
the more nebulous concept of sleep quality) as specific targets
for interventions to improve fatigue.

Our study is consistent with a mobile health study performed
in 254 patients with self-reported RA recruited from the National
Rheumatoid Arthritis Society, a patient organization in the
United Kingdom. 2 In this study, McBeth et al reported significant
associations between both subjective and objective sleep param-
eters and health-related quality of life. Although the authors did
not specifically report associations between sleep parameters
and fatigue, the association between sleep and health-related
quality of life diminished when fatigue was included in the models,
implicating fatigue as a potential mediating factor. Furthermore,
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Table 2. Linear regression analysis of PROMIS fatigue on sleep diary measures, N = 48*
Unadjusted Adjusted
Characteristic B 95% Cl P value B 95% Cl P value
Main predictor: sleep duration
Sleep duration, 10-min intervals -0.66  -1.20to -0.09 0.024 -0.50 -0.94to -0.07 0.025
Swollen joint count - - - 0.72 -033t0 1.8 0.2
Pain intensity numeric rating scale - - - 1.0 0.27t0 1.8 0.008
PROMIS depression T score — - — 0.42 0.18 to 0.66 <0.001
Main predictor: sleep efficiency
Sleep efficiency -0.67 -1.1t0-0.25 0.002 -0.41  -0.76 to -0.05 0.028
Swollen joint count = = = 033 -0.78t0 1.4 0.5
Pain intensity numeric rating scale = = = 0.93 0.18to 1.7 0.016
PROMIS depression T score = = = 0.43 0.19to 0.67 <0.001
Main predictor: WASO
WASO, min 0.06 -0.09t0 0.21 04 0.02 -0.10t0 0.13 0.7
Swollen joint count - - - 0.70 -043t01.8 02
Pain intensity numeric rating scale - - - 1.0 022t0 1.8 0.013
PROMIS depression T score - - - 0.45 0.20to 0.71 <0.001
Main predictor: sleep quality
Sleep quality index -1.5 -2.410-0.62 0.001 -0.81 -1.6 to -0.05 0.038
Swollen joint count - - - 0.72 -035t0 1.8 0.2
Pain intensity numeric rating scale - - - 0.72 -0.06to 1.5 0.071
PROMIS depression T score = = = 0.43 0.19t0 0.67 <0.001

* Cl, confidence interval; PROMIS, Patient-Reported Outcome Measurement Information System; WASO, wake after

sleep onset.

the importance of sleep duration was highlighted by an interven-
tional in-laboratory study, in which 27 patients with RA underwent
partial night sleep deprivation. The morning following partial night
sleep deprivation, patients with RA reported significant increases
in fatigue and other related symptoms, such as pain and self-
reported assessments of disease activity.'® Together, these find-
ings suggest that interventions aimed at increasing total sleep
duration—and possibly enhancing sleep efficiency—may be
effective for improving fatigue and other health-related outcomes.

The associations between self-reported sleep duration,
sleep efficiency, sleep quality, and the outcome of fatigue
remained significant, even after adjustment for other hypothe-
sized predictors of fatigue, including joint inflammation, pain, and
symptoms of depression. Pain and symptoms of depression
were also significantly associated with fatigue, but joint inflamma-
tion, measured by swollen joint count, was not. These findings are
consistent with other studies, suggesting that despite the focus
on inflammation as a cause for fatigue, the experience of fatigue
is likely rooted in multiple causes, which may differ from individual
to individual. In a population of patients with long-standing treated
RA, inflammation may not be the primary contributor. Routine
assessments of self-reported sleep, pain, and depression should
be incorporated in a comprehensive approach to identify and tar-
get possible sources of fatigue in patients with RA.

Contrary to the observation that self-reported measures of
sleep were associated with fatigue, actigraphy-based measures
of sleep were not. This discrepancy raises an important question:
Is it the actual sleep, as measured objectively, that is most rele-
vant to fatigue, or is it the perception of sleep that matters more?

Prior studies suggest that self-reported sleep quality may be a
stronger predictor of fatigue than actigraphy-derived sleep mea-
sures because it captures an individual’s experience of restful-
ness, sleep satisfaction, and nighttime discomfort, which
actigraphy cannot fully assess.'* Additionally, self-reported sleep
disturbances may reflect broader psychosocial factors, including
stress, pain perception, and cognitive biases, that influence
fatigue perception.’® It is common for self-reported measures to
be more strongly associated with other self-reported measures
than with objectively measured data.'® This may partly be due to
bias in the way individuals respond to questionnaires. Another
potential reason for the discrepancy is that self-reported and
actigraphy-based measures assess different aspects of sleep.
Actigraphy primarily captures movement-based parameters,
whereas self-reports reflect an individual’s perception of sleep
quality and disturbances. Both are imperfect assessments, but
both can provide valuable information. Our findings highlight the
importance of addressing patients’ perceptions of sleep distur-
bances in clinical management rather than relying solely on objec-
tive sleep assessments.

Strengths of this study include the comprehensive assess-
ment of sleep characteristics through daily sleep diary assess-
ments, as well as the consideration of potential confounders.
Limitations include the cross-sectional design, which restricts
the ability to infer causality. Additionally, the relatively healthy
study population with low disease activity and mild sleep distur-
bances may not be representative of all patients with RA, poten-
tially limiting the generalizability of these findings. The original
SPAN-RA study enrollment criteria excluded patients with
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self-reported OSA. As OSA may not always be clinically diag-
nosed or captured via actigraphy, its potential impact on sleep
quality and fatigue cannot be entirely ruled out. Future research
should aim to include a broader range of disease activity levels
and sleep disturbances to better understand these relationships.
We also plan to evaluate the relationship of physical activity,
assessed by actigraphy, and fatigue in this population.

This study highlights the role of self-reported sleep distur-
bances in the experience of fatigue among patients with
RA. Despite the traditional focus on inflammation and pain, our
findings suggest that poor sleep is a significant and independent
contributor to fatigue. Notably, our sample was biased toward
individuals without certain sleep disorders and not taking specific
medications. Associations between sleep disturbances and
fatigue may be even more pronounced in patients with existing
sleep disturbances. Rheumatologists should recognize the
importance of assessing and managing sleep disturbances to
improve fatigue and overall well-being in patients with
RA. Additional longitudinal studies are needed to establish causal
relationships and develop effective sleep-focused interventions
for this population.
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Avoidant or Restrictive Food Intake Disorder Symptoms in
Adults With Systemic Sclerosis: A Nationwide Study in Spain
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Objective. Patients with systemic sclerosis (SSc) may restrict food intake to manage their symptoms (particularly
gastrointestinal [Gl]). Whether some patients may develop nutritional and/or quality-of-life impairments indicative of
an eating disorder, avoidant or restrictive food intake disorder (ARFID), is unknown. We aimed to (1) identify the preva-
lence and characteristics of ARFID symptoms in patients with SSc and (2) explore the relationship among ARFID symp-
toms, Gl symptom burden, and health-related quality of life.

Methods. In a cross-sectional internet survey nationwide in Spain, patients with SSc completed the Spanish
Nine-ltem ARFID Screen and assessments of gastrointestinal symptom burden (University of California Los Angeles
Scleroderma Clinical Trial Consortium Gl tract 2.0 [UCLA SCTC GIT 2.0]) and health-related quality of life (12-item Short
Form Survey [SF-12]).

Results. Of 200 patients with SSc, 99 patients (49.5%) screened positive for ARFID. Just over half of those who
screened positive for ARFID (n = 53) screened positive based on having a fear of aversive consequences around eating
(eg, Gl discomfort). A positive ARFID screen was associated with a greater frequency of self-reported enteral nutrition,
weight loss, and self-initiated (vs provider-monitored) diet restrictions. ARFID symptoms were moderately associated
with worse Gl symptom severity by UCLA GIT 2.0 total score (r = 0.408, P < 0.001) but not for the reflux subscale (r =
0.058, P = 0.420) and constipation subscale (r = 0.090, P = 0.209) and with worse health-related quality of life in all
domains and both the physical and mental components of the SF-12 (all P < 0.05).

Conclusion. ARFID symptoms were relatively common in patients with SSc. Future research is needed to identify
when a positive screen for ARFID reflects an adaptive response to disease or pathologic restriction indicative of ARFID

warranting behavioral treatment.
INTRODUCTION

Systemic sclerosis (SSc) is a complex multisystem autoim-
mune disease. Key features include systemic vasculopathy and
excessive collagen deposition, resulting in fibrosis of the skin
and internal organ dysfunction. Pulmonary complications are the
leading cause of death in patients with SSc, but gastrointestinal
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(Gl) involvement is the most prevalent manifestation, affecting
more than 90% of patients.’? In patients with SSc, the majority
of Gl symptoms and complications arise as a result of dysmotility
affecting the normal function of Gl organs.?® Some patients with
SSc may naturally attempt to manage their Gl symptoms with die-
tary changes, but there is a lack of clear guidance for dietary man-
agement in SSc despite existing evidence that patients with SSc
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SIGNIFICANCE & INNOVATIONS

+ Patients with systemic sclerosis (SSc) and gastroin-
testinal (Gl) involvement often self-initiate restric-
tive diets without professional guidance, increasing
the risk of malnutrition.

+ Almost half of those patients with SSc who partici-
pated in our study screened positive for a nonbody
image-based eating disorder called avoidant or
restrictive food intake disorder (ARFID).

+ ARFID symptoms were associated with increased Gl
symptom burden, particularly upper Gl symptoms,
worse health-related quality of life, and a higher fre-
quency of reliance on nutritional support (eg,
enteral nutrition).

+ Our study sheds initial light on ARFID symptoms in
the context of SSc, but further research is needed
including the use of diagnostic interviews for ARFID
and prospective designs.

commonly have clinically significant weight loss and/or
malnutrition,*® and the risks for disordered eating and nutritional
issues is currently unknown.

Clinical guidelines for the management of SSc and expert
consensus recommend dietary modifications as part of general
lifestyle measures in the treatment of SSc.®” However, litera-
ture about specific dietary recommendations is scarce, and
there is currently no empirical dietary treatment for disease
management, including Gl symptoms.®® Despite a lack of
empirical evidence for the use of diet modifications in SSc, a
recent international survey found that approximately 90% of
patients with SSc seek dietary advice for Gl symptom
management.'©

Although dietary management is likely to be helpful and
adaptive for many patients, self-initiated, unmonitored (restric-
tive) dietary changes may potentially be harmful for some. In
patients with chronic Gl disorders, there is increasing concern
about the risk of avoidant or restrictive food intake disorder
(ARFID), a non-body image-based eating disorder.”” ARFID is
characterized by overall caloric intake reduction and/or food
avoidance that leads to significant medical (eg, weight loss,
malnutrition) and/or psychosocial impairment. Food restriction
or avoidance in ARFID is motivated by one or more of three
prototypical presentations: aversion to the sensory character-
istics of food, a lack of interest in eating or low appetite, and
fear of aversive consequences.'?

In patients with SSc, Gl discomfort may drive dietary
changes, but the risk of developing ARFID is not yet known. Poor
appetite is a significant predictor of malnutrition in this popula-
tion."® Notably, early satiety in patients with SSc has been associ-
ated with unintentional weight loss, higher nutritional risk, and
lower caloric intake, with some research showing that patients
restrict eating by reporting consuming only one meal per day.'*

As a result, many patients do not meet their nutritional needs
through oral intake alone.™ However, to our knowledge, no study
to date has yet investigated ARFID symptoms in individuals
with SSc.

In the current study, we performed an exploratory, cross-
sectional, nationwide study of adult patients with SSc. We aimed
to (1) identify the prevalence and characteristics of dietary restric-
tions and ARFID symptoms and (2) evaluate the associations of
ARFID symptoms with Gl symptoms and health-related quality
of life (HrQolL). We hypothesized that greater ARFID severity
would be associated with greater Gl symptom burden and worse
HrQoL.

MATERIALS AND METHODS

Study design. Two researchers (LGAG and CPSA) met
with patients (n = 10) from the Spanish association of SSc (AEE)
in an open discussion to learn about their concerns about Gl
symptom management. A main theme of discussion was the
need for nutritional and dietary counseling. The research group,
after identifying a lack of specific nutritional recommmendations in
patients with SSc, designed a cross-sectional study using vali-
dated questionnaires to explore eating symptoms and nutritional
characteristics including ARFID and their relationship with Gl
symptoms and HrQoL. The project was approved by the AEE sci-
entific committee, and the final survey was developed with input
from three patients with SSc to ensure it accurately reflected their
symptoms and concerns.

Participants. Patients aged >18 years with self-reported
diagnosed SSc who belonged to the AEE were invited to partici-
pate. Participation was voluntarily, and respondents could dis-
continue at any point.

Procedures and measures. The AEE distributed the sur-
vey to its members using internal emails and group chats. Study
data were collected and managed at Vall d’Hebron Research
Institute with REDCap, a secure, web-based software platform
designed to support data capture for research studies.'® For the
purpose of this study, we used three validated questionnaires to
assess ARFID symptoms, Gl symptoms, and HrQoL (Spanish
Nine-ltem ARFID Screen [S-NIAS], University of California Los
Angeles Scleroderma Clinical Trial Consortium Gl tract 2.0 [UCLA
GIT 2.0], and 12-item Short Form Survey [SF-12], respectively),
along with a patient survey to capture self-reported demographic
and clinical characteristics.

ARFID symptoms. The S-NIAS'" comprises 11 items on a
response scale of 1 to 5 (total score range 1-55), with higher
scores indicating greater ARFID severity. Three subscale scores
align with the three underlying motivations for avoidant or restric-
tive eating: (1) the picky eating subscale measures sensory aver-
sion to food (three items), (2) the appetite subscale measures
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lack of interest in eating or food (four items), and (3) the fear sub-
scale measures fear of aversive consequences of eating
(four items). The S-NIAS has been used to evaluate ARFID symp-
toms in patients with chronic Gl diseases, including patients with
gastroparesis, functional dyspepsia,'®'® achalasia, eosinophilic
esophagitis,?° and inflammatory bowel disease.?'?? See the
Supplementary Methods Material for the complete questionnaire.
Internal consistency in our sample was high for all subscales as
indicated by Cronbach’s a 0.791 for picky eating, 0.815 for low
appetite, and 0.825 for fear.

Gl symptoms. We used the Spanish version of the UCLA
SCTC GIT 2.0. In summary, this is a seven multi-item scale that
evaluates reflux, distention or bloating, diarrhea, fecal soiling, con-
stipation, emotional well-being, and social functioning, giving sin-
gle scores ranging from O (best) to 3.00 (worst), except for
diarrhea (from 0O to 2.00) and constipation (from 0 to 2.50). The
total score is obtained by averaging all subscales except consti-
pation and ranges from O (best) to 2.83 (worst). The Spanish ver-
sion of the UCLA SCTC GIT 2.0 has been used to evaluate Gl
symptoms in Spanish patients with SSc.2%72°

HrQoL. The SF-12 (Spanish version®) comprises 12 items
encompassing the following eight domains of HrQoL: physical
function, body pain, general health, vitality, mental health, role
limitation due to physical health, role limitation due to mental
health, and social functioning. The results of the SF-12 can be
grouped into two main component summaries: the physical
component summary and the mental component summary.
Each domain and both summaries’ results were standardized
to responses from the Spanish general population, with a
mean score fixed at 50 and an SD of 10. The Spanish version
of the SF-12 has been validated and standardized for use in
the Spanish population.?”

Demographics and clinical characteristics. Participants self-
reported the following: clinical characteristics related to SSc
including cutaneous subset, age at diagnosis, use of dietary sup-
plementations or nutritional support, self-reported significant
weight loss, history of personal consultation(s) with a dietitian,
perceived relationship between Gl symptoms and food intake,
and self-reported food restrictions due to perceived association
to Gl symptoms. Demographics reported included reporting
Spanish autonomous community of residence; no information
about race and ethnicity was obtained. See the Supplementary
Methods Material for the complete questionnaire.

Statistical analysis. All statistical analyses were per-
formed using JASP Version 0.18.3 (JASP Team). The normality
of data distribution was evaluated by the Shapiro-Wilk test.
Data were presented as medians and interquartile ranges
(IQRs) for nonnormal continuous variables, means and SDs for
normal continuous variables, and numbers and percentages
for discrete variables. We operationalized a S-NIAS—positive
screen by endorsement of a 4 (“agree”) or 5 (“strongly agree”)

on at least two items within at least one subscale. We com-
pared demographic and questionnaire responses among
patients who screened positive for ARFID (S-NIAS) and corre-
lated ARFID symptom scores with Gl and HrQoL scores. Com-
parisons of parametric, normally distributed data were made by
Student’s t-test and by the Mann-Whitney U-test for nonpara-
metric data; for categorical variables, we used the chi-square
test. Correlations between the NIAS subscales and total score,
UCLA SCTC GIT 2.0 subscales and total score, and SF-12
8 domains and two main component summaries were per-
formed using Pearson’s r. Correlations between ARFID symp-
toms (by S-NIAS) and specific Gl symptoms (by UCLA SCTC
GIT 2.0) were performed using Spearman’s rho. To quantify dif-
ferences between comparisons, we calculated effect sizes using
Cohen’s d for Student’s t-tests and Bserial rank correlation for
Mann-Whitney U-tests, categorizing the results as small (0.2—
0.49), medium (0.5-0.79), or large (=0.8). For chi-square tests,
effect sizes were calculated using odds ratios (ORs). Given the
exploratory nature of this study, no adjustments were made for
multiple comparisons.

Patients with SSc who belong to the AEE participated in the
selection of topics, approved the content of the survey, and par-
ticipated in distributing for completion between members. Al
methods were performed in accordance with relevant guidelines
and regulations. The study was approved by the Clinical
Research Committee from the AEE. Electronic consent to partici-
pate in the survey was obtained, and participation was voluntary.
All data were managed in a secure REDCap database, and data
sets analyzed were anonymized.

The data that support the findings of this study are available
on request from the corresponding author on reasonable request.

RESULTS

Of the 506 patients with SSc who belonged to the AEE,
239 patients started the survey, of whom 200 patients completed
the S-NIAS and UCLA GIT 2.0 and were included for analysis
(Table 1). Participants were mostly middle aged (mean 54.6
[SD +10.3] years old) and female (89%). The most frequent SSc
subset was diffuse SSc (47%), followed by limited cutaneous
SSc (45%), with a median disease duration of 12 (IQR 5-6) years.
The geographic distribution of the included participants is shown
in Figure 1. Participants from 16 Spanish autonomous communi-
ties participated in the survey, although most were from Madrid
and Catalufa.

Evaluating weight status, 67 patients (35%) were overweight
(body mass index [BMI] >25), and 13 patients (8%) were under-
weight (BMI <18.5). Fifty-one participants (26%) reported unin-
tentional weight loss in the previous six months. Forty-four
participants (22%) could not eat normal meals, and 55 partici-
pants (28%) reported using some kind of nutritional support.
Overall, 140 participants (70%) reported restricting or avoiding
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Table 1. Demographic and clinical characteristics, GI symptom burden, and health-related quality of life by positive ARFID screen*

S-NIAS S-NIAS
screen screen
Total sample negative positive Effect
(N =200) (n=101) (n=99) size® 95% Cl P value
Clinical characteristics
Female sex, n (%) 177 (89) 87 (87) 90 (92) 0.1 -02t0 0.3 0.269
Age, mean £ SD, y 54.6+10.3 542 +99 549 +10.7 -0.1 -041t00.2 0.656
BMI, mean + SD 239+45 241 +438 237 +41 0.1 -02t0 04 0.497
Underweight (BMI < 18.5), n (%) 13 (8) 6 (6) 7 (8) 12 04t03.8 0.716
Disease duration,” median (IQR), y 12 (5-16) 12(6-16) 12 (4-15) -0.1 -04t00.2 0.482
Age at first symptom,b median (IQR), y 38 (30-49) 39 (30-47) 38 (29-50) 0.0 -0.2t00.2 0.996
Cutaneous subset, n (%)
Diffuse cutaneous 94 (47) 46 (46) 48 (49) 11 0.7t0 1.8 0.771
Limited cutaneous 89 (45) 48 (48) 41 (42) 0.9 05to 1.5 0.618
Sine scleroderma, n (%) 13(7) 5(5) 8(8) 1.6 05to6.2 0.395
Does not know, n (%) 3(2) 2(2) 1(1) 0.5 0.0to 5.8 0.591
Smoking status, n (%)
Never 77 (39) 44 (44) 33(33) 0.8 05t01.3 0.322
History 115 (58) 55 (54) 60 (61) 1.1 0.7t01.8 0.648
Active status 8 (4) 2(2) 6 (6) 3.1 0.6to 15.5 0.177
Raynaud phenomenon, n (%) 189 (95) 97 (97) 92 (94) 0.5 0.1t0 2.0 0.292
Not able to eat normal meals, n (%) 44(22) 12(12) 32(32) 33 15t06.9 <0.001
Use of nutritional support, n (%) 55(28) 18 (18) 37(37) 2.1 1.1t03.9 0.002
Vitamin and mineral supplements, n (%) 34(17) 13(13) 2121 1.8 09to 3.9 0.116
Enteral supplements, n (%) 24.(12) 5(5) 19(19) 46 16t012.8 0.002
Parenteral nutrition, n (%) 3(2) 0(0) 3(3) 7.4 0.4to 144.4 0.078
Restriction of foods, n (%) 140 (70) 63 (63) 77 (78) 2.1 1.1t03.8 0.022
Self-initiated diet restriction, n (%) 119 (60) 50 (50) 69 (70) 23 13t04.2 0.004
Dietitian advice, n (%) 35(18) 17 (18) 18 (18) 1.0 05t020 0.904
Medical advice, n (%) 20(10) 9(9) 11(11) 13 05to03.2 0.604
Recent weight loss, n (%) 51 (26) 12(12) 39 (39) 48 23t010.0 <0.001
Up to 4 kg, n (%) 31(16) 9(9) 22(22) 25 1.1to05.7 0.028
5-9 kg, n (%) 13(7) 2(2) 11(11) 57 1.2t026.2 0.026
More than 10 kg, n (%) 7 (4) 1(1) 6 (6) 6.1 0.7to51.8 0.096
Gl symptom burden,” mean + SD
Reflux subscale 09+0.7 09+0.7 09+0.7 0.0 -02t00.3 0.730
Bloating subscale 1.6+0.9 1.5+0.9 1.8+0.9 0.4 02t00.7 0.002
Fecal soilage subscale 0.7+1.0 06+09 09+1.1 0.3 0.1t00.6 0.019
Diarrhea subscale 0.6+0.7 05+0.6 08+0.7 04 0.1t0 0.7 0.005
Gl social functioning subscale 0.7+06 05+05 09+0.7 0.7 05t01.0 <0.001
Gl well-being subscale 1.0+£0.8 0.7+0.7 1.3+£09 0.7 04t01.0 <0.001
Constipation subscale 0.7+0.7 06+0.6 0.8+0.7 0.2 -0.1t0 0.5 0.139
UCLA SCTC GIT 2.0 total score 09+0.5 0.8+0.5 11+06 0.7 04t009 <0.001
Health-related quality of life®
Physical component summary,b median (IQR) 35.3(29.9-40.3) 36.1(30.0-41.7) 33.6(29.8-37.1) -03 -0.6to-0.1 0.014
Mental component summary,b median (IQR) 401 (32.3-489) 426(36.7-514) 37.7(26.7-443) -04 -0.7to-0.1 0.003
Physical function, mean + SD 369+128 403+133 333+113 -06 -09to-03 <0.001
Role limitation due to physical health, mean + SD 34.8+10.5 37.6+10.7 31.8+93 -06 -09to-03 <0.001
Body pain 373+126 334+126 41.6+11.3 0.7 04t01.0 <0.001
General health 30.8+9.0 339+9.2 274+74 -08 -1.1to-0.5 <0.001
Vitality 419+98 449+96 38.7+9.0 -0.7 -10to-04 <0.001
Social functioning 36.1+£109 38.7+10.7 332+104 -05 -08to-0.2 <0.001
Role limitation due to emotional health, mean + SD 347 +12.1 36.6+12.0 32.7+120 -03 -06t00.0 0.031
Mental health 42.0+104 439+9.38 40.0 £10.7 -04 -0.7to-0.1 0.012

* A positive S-NIAS screen status was determined if participants rated at least two items with a 4 (“Agree™) or 5 (“Strongly Agree”) within any one
of the subscales (fear, picky eating, or appetite). ARFID, avoidant or restrictive food intake disorder; BMI, body mass index; Cl, confidence inter-
val; Gl, gastrointestinal; IQR, interquartile range; S-NIAS, Spanish Nine-Item Avoidant or Restrictive Food Intake Disorder Screen; UCLA SCTC GIT
2.0, University of California Los Angeles Scleroderma Clinical Trial Consortium Gl tract 2.0.

@ Cohen'’s d used for t-tests, Biserial rank correlation for Mann-Whitney U-tests, and odds ratios for chi-square tests.

P Mann-Whitney U-test used instead of t-test as the data were not normally distributed.

€ UCLA GIT 2.0 subscales range from 0 (best) to 3.00 (worst) except for diarrhea, which ranges from 0 (best) to 2.00 (worst), and constipation,
which ranges from 0 (best) to 2.50 (worst), UCLA GIT 2.0 total score is obtained from averaging all subscales except constipation and ranges
from 0O (best) to 2.83 (worst).

9 12-item Short Form Survey scores for the eight domains and for the physical and mental component summaries are standardized. A score
below 50 reflects worse health-related quality of life compared to the average of the general Spanish population. Only 181 patients completed
the 12-item Short Form Survey, 94 NIAS-positive patients and 87 NIAS-negative patients.
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Figure 1.
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Andalucia 6%
Aragén 3%
Asturias 2%
Canarias 1%
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Galicia 5%

Islas Baleares 1%

La Rioja 1%
Comunidad de Madrid 21%
Region de Murcia 0%
Navarra 6%

Pais Vasco 6%
Comunidad Valenciana 7%

online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25569/abstract.

Geographic distribution of residence across Spain of patients (N = 200) with systemic sclerosis. Color figure can be viewed in the
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Figure 2. Score distribution of avoidant or restrictive food intake disorder (ARFID) symptom survey items (N = 200). The 11 items of the Spanish-
Nine-ltem ARFID Screen are displayed in panel A. Each bar represents the percentage of patients who chose a response for the indicated items
across the three subscales. We operationalized a positive screen on a subscale as selecting “agree” or “strongly agree” for at least two items

within the subscale.
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certain food types, and most participants (60%) reported self-
initiating diet restrictions, with only 18% of participants doing so
after counseling with a dietitian.

Among the cohort, 99 participants (50%) screened positive
for one or more S-NIAS subscales. Figure 2 illustrates the distri-
bution of individual scores for ARFID symptoms as assessed by
the S-NIAS, and Figure 3 depicts the proportion of participants
with positive screen results. Notably, positive responses on the
S-NIAS (defined as “agree” or “totally agree” responses) were
most common for the item assessing food avoidance due to fear
of discomfort (48%), whereas the appetite subscale had the high-
est frequency of positive screens, with 72 participants (36%)
screening positive. Compared to those who screened negative,
participants who screened positive on the S-NIAS were more
likely to report restriction of foods (63% vs 78%, OR 2.1, 95%
confidence interval [CI] 1.1-3.8), recent weight loss (12% vs
39%, OR 2.1, 95% CI 1.3-3.4), and require some type of nutri-
tional support (18% vs 37%, OR 2.1, 95% CI 1.3-3.4) and were
more likely to report not being able to eat normal meals (12% vs
32%, OR 3.3, 95% Cl 1.5-6.9) (Table 1).

We evaluated ARFID symptoms in relation to Gl symptom
burden and HrQoL by (1) comparing those with and without a
positive ARFID screen and (2) exploring the association of ARFID
severity to Gl symptom burden (by UCLA SCTC GIT 2.0) and

Positive screen for ARFID (n=99 patients)

= Y

Fear subscale
53 (27%)
screened positive

HrQoL severity (SF-12). Compared to those who screened nega-
tive, participants who screened positive for ARFID had greater Gl
symptom burden with large effects, except for the reflux and con-
stipation subscales (Table 1); similar relationships were found
when correlating ARFID scores with Gl symptom scores
(Figure 4). Those with ARFID also had worse HrQoL in all domains
and in both the physical and mental component summaries
(by SF-12) (Table 1), with similar relations found when correlating
ARFID scores with HrQoL scores (Figure 4).

DISCUSSION

To our knowledge, this study is the first to assess the preva-
lence of ARFID symptoms in patients with SSc. Our findings indi-
cate that ARFID symptoms, as measured by a self-reported
survey (the S-NIAS), are notably prevalent, with approximately half
of our cohort having elevated scores suggestive of possible
ARFID. A positive ARFID screen was associated with greater
self-reported weight loss, food restriction, and challenges in main-
taining normal meal patterns. Additionally, ARFID symptoms were
associated with greater Gl symptom burden and worse HrQoL.
This study highlights a potentially overlooked issue in SSc that
may significantly impact HrQoL and represents a promising target
for improving holistic care and management.

Fa
Pi'cky eating
subscale

38 (19%)
screened positive

Appetite subscale
72 (36%)
screened positive

Figure 3. Diagram of positive screening rates by Spanish Nine-ltem Avoidant or Restrictive Food Intake Disorder (ARFID) Screen subscale
among the 99 patients (50%) who screened positive for ARFID. Each circle corresponds to a subscale. The numbers within the circles show the
frequency of those who only screened positive on one subscale or multiple. Color figure can be viewed in the online issue, which is available at

http://onlinelibrary.wiley.com/doi/10.1002/acr.25569/abstract.
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Gastrointestinal symptom burden
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S-NIAS Fear subscale
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SF-12 Physical Component Summary - 0133 096 0138 0083
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SF-12 Physical Function - | 028, 0135
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Figure 4. ARFID subscales correlations with gastrointestinal symptom burden and health-related quality of life (N = 200). (A) Pearson correlations
between ARFID severity by S-NIAS total and subscale scores and gastrointestinal symptom severity subscale and total scores. (B) Pearson cor-
relations between ARFID severity scales and health-related quality of life (SF-12 physical and mental summary scores as well as subscales). ARFID,
avoidant or restrictive food intake disorder; SF-12, 12-item Short Form Survey; S-NIAS, Spanish Nine-ltem avoidant or restrictive food intake dis-
order Screen; UCLA SCTC GIT 2.0, University of California Los Angeles Scleroderma Clinical Trial Consortium Gl tract 2.0.

Overall, health studies that rely on patient self-participation
show lower response rates for online surveys compared to in-
person or postal recruitment, with an average response rate®® of
46%. Specifically, published online surveys targeting patients with
SSc report response rates®®° of approximately 30%. In our
study, we achieved a 37% response rate, corresponding to
200 patients with SSc, and approximately half of the included
cohort screened positive for ARFID on one or more subscales.
The three primary motivations underlying restrictive eating in
ARFID (sensory aversion, lack of interest or low appetite, and fear
of aversive consequences) are intended to be captured by the
three NIAS subscales.®'**2 Our findings suggest that a subset of
patients with SSc endorse symptoms most associated with lack
of interest or low appetite presentations and fear of aversive
conseguences—notably endorsing avoiding or delaying eating
due to fear of discomfort (48%), having to push themselves to
eat (41%), difficulty eating enough at meals (39%), a lack of inter-
est in eating or small appetite (29%), and having only a short list
of foods that they will eat (28%). Notably, the appetite subscale
was the most frequently positive screen for ARFID in our sample,
differing from patients with organic Gl disorders who most com-
monly screen positive on the NIAS fear subscale.?® The most
likely explanation for this, fear of “discomfort,” is used in all the
fear subscale items in the NIAS (English version) but only in two

of the four S-NIAS fear items, with the other two items being spe-
cific to fear of a discrete event (choking or vomiting). Another rea-
son could be due to our strict definition of a positive screen,
requiring the endorsement of at least two symptoms from each
subscale, rather than using a total score.

The association between ARFID and fear of discomfort may
be the result of but could also perpetuate greater Gl symptom
severity in SSc. We found that those with a positive ARFID screen
had worse Gl symptom severity, which appeared to be driven by
worse Gl-related social functioning and emotional well-being.
Previous research has demonstrated that in patients with SSc,
poor appetite, a higher burden of Gl symptoms such as early sati-
ety and nausea, and abnormal bowel habits are associated with
an increased risk of malnutrition.*'® Although our study was
cross-sectional, it is possible that some patients may restrict their
diet in response to heightened Gl discomfort resulting from Gl
motor dysfunction in the setting of SSc (eg, delayed gastric empty-
ing and colonic dysmoatility). Dietary restriction may initially be adap-
tive and temporarily alleviate distress around Gl symptoms, for
example, increasing a sense of control or reducing anxiety around
symptoms. However, in the longer term, continued food avoidance
may perpetuate habit processes that could actually contribute to
heightened Gl pain (eg, poor gastric accommaodation), as has been
proposed for functional or motility G disorders.®®
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Although seeking diet and nutritional advice is common in
patients with SSc, '° only a small proportion of our sample (18%)
reported seeking dietitian guidance. Although dietary manage-
ment strategies may be adaptive and helpful for many patients
with SSc, there may be a subset who are at an elevated risk for
dietary management to become maladaptive. In fact, although
rates of seeking dietitian advice did not differ between groups,
we found that a positive ARFID screen was associated with a
higher frequency of food restriction and a tendency to do so with-
out seeking professional help. Although we did not capture data
specific to the types of dietary approaches patients were using,
whole diet exclusions (eg, gluten-free, avoidance of foods high in
fermentable oligo-, di-, mono-saccharides, and polyols (FOD-
MAPS)) may particularly elevate the risk for ARFID without a dieti-
tian’s guidance.®® Gastroenterology patients who reported
previously trialing exclusion diets (and mostly without dietitian
guidance) are reportedly three times more likely to present with
ARFID symptoms than those who have not.3* Aithough guidelines
and expert consensus consider dietary and lifestyle as part of the
management of Gl symptoms in SSc,%7%° there is a lack of evi-
dence for the use of empirical diet therapies and their benefit in
patients with SSc.%° However, research is growing, with one diet
trial for 18 patients with advanced SSc providing dietary strate-
gies that varied across patients, personalized to address weight
loss (ie, increased caloric intake) and applicable GI symptoms.®®
Future research is needed on the dietary management of patients
with SSc, but we believe health care providers should tailor their
guidance to each patient’s needs, ideally with the guidance of a
dietitian experienced in the treatment of patients with SSc.

If dietary restrictions significantly impair nutritional status
and/or reduce quality of life, the possibility of ARFID becomes a
relevant concern. In our study, we found that a positive ARFID
screen was associated with a higher frequency of recent weight
loss and a higher frequency of nutritional support use, including
enteral nutrition, suggesting that elevated S-NIAS scores aligned
with worse nutritional status. In addition to ARFID being associ-
ated with worse emotional well-being and social functioning
around Gl symptoms, we determined that those with a positive
ARFID screen had overall worse HrQol, specifically with greater
ARFID severity moderately associated with worse social and
emotional functioning due to patient’s physical health. Although
longitudinal research is needed to understand the temporality,
worse HrQoL (including Gl-specific) could be a result of or be
exacerbated by nutrition difficulties, including psychologic dis-
tress around eating.

Given that up to 20% of patients with SSc are at risk of
malnutrition, '® it is crucial to ensure that these patients maintain
adequate oral intake and avoid unnecessary dietary restrictions.
If a patient reports that they are using or have been recommended
a whole exclusion diet, we suggest that clinicians ensure that
patients are doing so under the guidance of a dietitian.>® Although
a formal diagnostic evaluation (eg, with a mental health

professional) is needed to diagnose ARFID, we recommend clini-
cians consider screening for ARFID symptoms through clinical
questioning. The NIAS may serve as a valuable tool for clinicians
to identify patients experiencing eating-related distress, prompt-
ing further evaluation by a mental health professional, dietitian, or
other eating disorder specialist.

Given the high prevalence of ARFID symptoms in patients
with SSc identified in this study, a key next step is to assess the
predictive value of the NIAS for clinical outcomes, including mal-
nutrition risk and quality of life impairments. A prospective, in-
clinic evaluation of ARFID screening using the NIAS in patients
with SSc, followed by consultation with an experienced behav-
ioral health clinician (eg, a psychologist) for those who screen
positive, would help distinguish maladaptive eating behaviors
from adaptive dietary modifications driven by SSc-related Gl dis-
comfort. Furthermore, to enhance the clinical utility of the NIAS in
SSc, prospective cohort studies should investigate whether
ARFID symptoms fluctuate in response to disease activity, Gl
symptom severity, or dietary modifications and whether improve-
ment in ARFID symptoms correlates with enhancements in other
HrQoL outcomes.

A major strength of our study is the inclusion of a robust sam-
ple of Spanish patients with SSc through a national patient soci-
ety. However, our study has some limitations. First, we relied
on self-reported questionnaire data to capture clinical features
and SSc-specific characteristics, possibly resulting in some mis-
classification. Second, we were unable to evaluate specific dis-
ease features, particularly immunologic markers, the effects of
concomitant medication, or the presence of overlapping Gl dis-
eases. Third, although we used an online survey tool to reach
patients across the country, this approach potentially excluded
individuals without internet access and/or those unable to
respond via computer or mobile device. In addition, voluntary
surveys are subject to participation bias, and despite achieving
a good response rate, more than half of the society’s members
did not access the survey. Last, although the S-NIAS was devel-
oped and initially validated in Spanish,'” there are not yet vali-
dated clinical screening cutoffs. To address this, we
implemented a strict criterion for a positive screen, requiring par-
ticipants to endorse at least two items from each subscale. We
recognize that the S-NIAS may overestimate the prevalence of
ARFID in patients with SSc, as some ARFID symptoms might
reflect normal responses to Gl involvement rather than a distinct
eating disorder. Consequently, more research is needed to
accurately determine the prevalence of ARFID in patients with
SSc. Furthermore, future research could also incorporate exam-
ination of patterns energy expenditure and for differences in
ARFID in patients with specific organ-based involvements (eg,
significant cardiac or lung disease).®’

In summary, our findings show that half of the patients with
SSc who participated in our study endorsed high ARFID symp-
toms, which were associated with worse Gl symptom burden,
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worse HrQoL, and a greater frequency of some markers of nutri-
tional inadequacy. Although some patients with SSc may adap-
tively restrict their diet to manage uncomfortable symptoms (eg,
Gl discomfort) related to their disease, a subset may experience
significant impairments in HrQoL and/or nutritional consequences
(eg, weight loss, reliance on supplemental nutrition) indicative of
ARFID. Our findings emphasize the need for more research, par-
ticularly longitudinally, on diet and eating behaviors in patients
with SSc, hopefully to guide future treatment recommendations
and disease management strategies.
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Validation of Lung Ultrasound Interpretation Criteria
for Interstitial Lung Disease in Systemic Sclerosis
and Inflammatory Myopathy

Diane A. Mar,? (/. Mariani D. Deluna," Melody Chung,? Srijana Davuluri,’
Henry Guo," Matthew C. Baker,' {2/ David Fiorentino," ) and Lorinda Chung?

Robert M. Fairchild,’
Yumeko Kawano,*

Objective. Interstitial lung disease (ILD) has a high prevalence in patients with systemic sclerosis (SSc) and inflam-
matory myopathy (IM), and early identification reduces associated morbidity and mortality. We previously developed
lung ultrasound (LUS) interpretation criteria for ILD detection in 2020 (LUS-ILD-20) showing excellent sensitivity and
specificity in patients with SSc-ILD; herein, we sought to validate a revised LUS-ILD-24 in a large cohort with SSc
and IM.

Methods. Patients meeting criteria for SSc and IM, with planned computed tomography (CT) chest imaging under-
went LUS imaging interpreted with LUS-ILD-24 by three blinded readers. The sensitivity and specificity for LUS-ILD
detection as noted on CT was analyzed for subgroups with SSc, IM, and possible incident ILD. Inter- and intrarater
agreements were calculated. Correlations between LUS-ILD-24 severity, CT imaging severity, and pulmonary function
tests were assessed.

Results. Ninety-five patients were included in the analyses. Sensitivity and specificity for ILD detection ranged from
92.4% t0 95.5% and 82.8% to 86.2% across readers with similar accuracy in all subgroups. Inter- and intrareader reli-
ability showed near perfect agreement (k = 0.92 and k = 0.90 to 1, respectively). LUS severity correlated with CT imag-
ing severity and inversely correlated with diffusion capacity for carbon monoxide and forced vital capacity.

Conclusion. We validated our revised LUS-ILD-24 in cohorts with SSc and IM and found excellent sensitivity,
specificity, and reliability for detection of ILD identified on CT imaging. LUS severity correlated with CT and pulmonary
function test markers of ILD severity. Validation of the revised LUS-ILD-24 supports the implementation of LUS imag-

ing in screening algorithms for ILD in patients with SSc and IM.

INTRODUCTION

Interstitial lung disease (ILD) is a leading cause of morbidity
and mortality in rheumatic disease with a prevalence of up to
50% in patients with systemic sclerosis (SSc) and inflammatory
myopathy (IM)."? Early detection allows for timely intervention
and improved outcomes.®>* Guidelines recommend screening
for ILD in high risk systemic autoimmune rheumatic diseases with
a combination of pulmonary function tests (PFTs) and high-
resolution computed tomography (CT) imaging of the chest.>®
However, PFTs may not be sensitive in the early stages of ILD,”
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whereas CT scans have considerable associated financial and
environmental costs, expose patients to significant ionizing radia-
tion, and may not be readily accessible or available in certain
areas.®'° As a result, only 51% of general rheumatologists and
66% of SSc experts routinely order chest CT in all newly diag-
nosed patients with SSc.581

Ultrasound is a radiation-free, cost-effective, environmentally-
friendly, and readily available imaging modality that is well
tolerated.®'"® There is a large body of literature suggesting
lung ultrasound (LUS) has use in patients with connective tissue
disease (CTD)-associated ILD, with high accuracy for ILD
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SIGNIFICANCE & INNOVATIONS

+ This study validates our revised lung ultrasound
(LUS) for interstitial lung disease (ILD) detection in
2024 (LUS-ILD-24) interpretation criteria for LUS of
systemic sclerosis and inflammatory myopathy-
associated ILD with excellent accuracy.

+ The revised LUS-ILD-24 criteria performs well in
assessing ILD in baseline connective tissue diagno-
sis, follow-up screening, and evaluation for new sus-
pected ILD.

+ LUS-ILD-24-derived severity scoring correlates with
both pulmonary function testing and chest com-
puted tomography severity suggesting usage in dis-
ease monitoring.

detection.'*"" The ability of LUS to detect ILD is a result of the
peripheral and basilar pattern of disease in nonspecific interstitial
pneumonia (NSIP) and usual interstitial pneumonia (UIP), the
most frequently encountered ILD subtypes associated with
CTD."®2° | US findings of pleural irregularity, pleural line thick-
ening, and the presence of B-lines are known to be associated
with ILD (Supplementary Figure 1), and studies on these LUS
imaging findings show high diagnostic accuracy compared to
CT for ILD detection.®2'=2% Even with this mounting body of
evidence, no validated set of interpretation criteria are available,
and few ultrasonographers are familiar with LUS technique or
interpretation in ILD. To address this, we previously developed
a set of novel LUS interpretation criteria for ILD in patients with
SSc (LUS-ILD-20) based on LUS experience at our institution
with the goal of providing a simple set of interpretation criteria
to detect SSc-ILD in the clinical setting.' In a pilot study with
20 patients with SSc, we demonstrated a sensitivity of 100%
and specificity of 82% for CT-detected ILD with perfect agree-
ment between two readers. Encouraged by these results, we
sought to validate a set of revised LUS interpretation criteria
(LUS-ILD-24) for clinical CTD-ILD detection in a large cohort of
patients with SSc and IM and to determine whether these cri-
teria could also be used to determine ILD severity.

PATIENTS AND METHODS

LUS interpretation criteria. Based on our clinical and
research experience at our academic institution, including LUS
evaluation of several hundred patients over seven years in SSc-
ILD, IM-ILD, SARS-CoV-2-associated pulmonary disease, and
pediatric systemic juvenile idiopathic arthritis related lung disease
(SJIA-LD), our continued clinical use of LUS-ILD-20 for CTD-ILD
detection, '*'62* as well as ongoing research and standardization
of definitions in LUS by other researchers,?>?® we made minor
modifications to the LUS-ILD-20 criteria to improve clarity and pro-
vide more consistent terminology (see Supplementary Methods).
We also added exceptions for pleural abnormalities due to lung

fissures and diaphragmatic proximity based on our experience
(Supplementary Figure 1). These changes resulted in the revised
LUS-ILD-24 (Figure 1). The primary framework and function of the
criteria remained unchanged.

Validation cohort. The study was approved by Stanford
University’s institutional review board, and informed consent was
obtained from all patients. For this prospective observational
imaging study, we approached all patients seen at our institution
aged 18 years and over with diagnoses of SSc, dermatomyositis,
or polymyositis with planned chest CT for (1) evaluation of known
ILD, (2) evaluation for suspected ILD, or (3) initial baseline ILD
screening in newly diagnosed CTD. Patients with a known history
of lung cancer, lung surgery, lung infection, heart failure, aspira-
tion, or other known non-ILD pulmonary parenchymal disease
were excluded. Patients unable to undergo LUS examination for
nondisease-related reasons (eg anxiety, gel allergy, etc) were also
excluded.

CT and PFT collection. Volumetric CT data were collected
and read by dedicated chest CT radiologists. Volumetric CT data
were also analyzed using Computer-Aided Lung Informatics for
Pathology Evaluation and Rating (CALIPER) lung textural analy-
sis.?” CALIPER textural analysis is a validated machine learning
algorithm that provides CT analysis for findings of hyperlucency,
reticulation, honeycombing, and ground glass opacities, each
quantified by lung region. The CALIPER overall percentage of lung
volume with ILD (c%l[ILD]) combines quantified ground glass,
reticulation, and honeycombing. The CALIPER overall percent-
age of lung volume of fibrosis (c%fibrosis]), combines quanti-
fied reticulation and honeycombing. PFTs obtained at the time
of CT acquisition for ILD investigation were analyzed using per-
cent predicted diffusing capacity for carbon monoxide (%DLco)
and percent predicted forced vital capacity (%FVC), when
available.

LUS examination and interpretation. LUS examina-
tions were performed within 10 days of CT acquisition. We fol-
lowed our previously reported LUS acquisition protocol without
modification.'® LUS was obtained by RMF, who has seven years
of LUS experience, or by MDD under the direct supervision of
RMF. Three LUS readers (RMF, DAM, and MDD) independently
read all LUS examinations using the revised LUS-ILD-24 criteria.
LUS studies were randomized, and readers were blinded to CT
and to each other. Randomized LUS studies were interpreted
consecutively and were completed after three reading sessions.
At the time of interpretation, RMF and DAM had seven and four
years of experience respectively in acquiring and interpreting
LUS in patients with CTD-ILD, LUS in patients with SARS-
CoV-2, and LUS in patients with pediatric SJIA-LD.'*"¢24 MDD
had limited prior LUS interpretation experience. Before LUS inter-
pretation, RMF trained DAM and MDD on the revised LUS-ILD-24
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Lesions on the pleural surface must be characterized by:

A. discontinuities or loss of regularity of the pleural surface
and/or
B. a fine or coarse granular appearance

yes

evaluate next lung zone

4———————-—-—————1

I
|
I no
I
I

Lesions demonstrate all 4 of the following:

A. are 1 or more distinct lesions >2 mm in width

B. demonstrate increased echogenicity deep to the lesion
(pseudo-thickening)

C. track and persist with lung movement

D. are not located within 5 mm of the interface with the
diaphragm and do not represent a lung fissure

or are confluent lesions involving the entire pleural surface

lung zone
negative for ILD
/ all lung zones

) evaluated?
yes lung zone

> positive for ILD l yes

1 or more lung zones positive for ILD?
lyes no l
exam positive exam negative
: for ILD for ILD

Figure 1.

Revised 2024 LUS interpretation criteria for ILD screening in connective tissue disease (revised LUS-ILD-24). We used previously

described LUS acquisition protocol, including™ LUS windows. Connective tissue disease includes systemic sclerosis and inflammatory myopa-

thy. ILD; interstitial lung disease; LUS; lung ultrasound.

criteria with several representative LUS cases not included in the
current validation set. To assess intrareader agreement, repeat
interpretation was performed on 20 randomly chosen studies six
months after initial reading was complete.

Data analysis. For each participant and reader, LUS-ILD-
24 criteria interpretation results were analyzed for the presence
of ILD (LUS-ILD+ versus LUS-ILD-), as well as the number and
location of positive lung zones (LZs) by interpretation criteria (LZ-
ILD+ versus LZ-ILD-). LUS severity for each participant was cal-
culated by summing the number of LZ-ILD+-interpreted regions.
CT scans were noted as CT+ if ILD was noted by radiologist inter-
pretation. The Mann-Whitney test was used for comparisons for
both PFT and CALIPER indices between patients identified as
CT+ and patients identified as CT- as well as patients with CT
+-prevalent ILD versus patients with incident ILD. Sensitivity and
specificity for ILD detection on LUS were calculated using CT+
as the gold standard for the presence of ILD. The performance
of the LUS-ILD-24 criteria were analyzed separately for the inter-
pretation of experienced readers RMF and DAM, and consensus
interpretation among the three readers (two or more readers iden-
tifying LUS-ILD+). Sensitivity and specificity analysis was per-
formed on four patient subsets consisting of (1) all participants,
(2) patients with SSc, (3) patients with IM, and (4) patients with
possible ILD. The group with possible ILD consisted of patients
without known ILD who had either a diagnosis of CTD and were
obtaining CT because of an increased clinical concern for ILD or
who had new CTD diagnoses undergoing CT for baseline ILD
screening. Confidence intervals (Cls) for sensitivity and specificity

were calculated using the Wilson/Brown method. Interreader
agreement between the three readers was calculated for both
LZ-ILD+ interpretation and LUS-ILD+ interpretation using Ran-
dolph’s free marginal multirater kappa,?® and intrareader agree-
ment was assessed with Cohen’s kappa. Correlations between
LUS severity and %DLco, %FVC, c%(ILD), and c%(fibrosis) were
assessed by Spearman correlation.

RESULTS

Between 2020 and 2023, we identified 168 patients with
prior or new diagnoses of SSc and IM with planned CT for base-
line ILD screening, suspected ILD, or ILD disease monitoring and
management. Of these, 100 patients were enrolled and com-
pleted their CT and LUS imaging with median months from CTD
diagnosis to LUS imaging of 1 month (interquartile range [IQR]
1-3) for the base ILD screening group, 48 months (IQR 24-176)
for suspected ILD, and 55 months (IQR 36-146.3) for the ILD dis-
ease monitoring group. (Figure 2). The mean age at the time of
enrollment was 55 + 14 years, and the majority (77%) were
women (Table 1). Patients had diagnoses of limited SSc (41%),
diffuse SSc (80%), dermatomyositis (26%), and polymyositis
(8%). Among patients with SSc, the most common associated
autoantibodies were Scl-70 (33%), anticentromere (28%), and
RNA-polymerase-3 (15%). The most common IM-associated
antibodies were MDA5S (14%), TIF1-gamma (7 %), NXP-2 (11%),
Jo-1(25%), Ku (11%), Ro 60 (4%), PL7 (14%), Mi-2 (4%). Orga-
nizing pneumonia (OP) was seen in seven patients with IM. After
CT imaging, five patients were excluded from the primary
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168 patients identified and
invited to participate

100 patients enrolled and
underwent LUS and CT

|
!

95 patients included in
primary analysis

A J

68 patients did not participate
Not interested (46)
Interested, but distance too far (15)
Agreed to participate but did not follow up (6)
Exclusions:
Prior lung surgery (2)
Known chronic aspiration (1)
Unable to undergo lung ultrasound (0)

5 patients excluded from primary analysis
Suspected infectious process on CT (3)
Suspected chronic aspiration on CT (2)

Figure 2. Flow diagram for patient identification, enroliment, and analysis. CT, computed tomography imaging; ILD, interstitial lung disease;

LUS, lung ultrasound.

Table 1. Baseline characteristics of enrolled patients*

Characteristics n (%)
Total enrolled patients 100
Age, mean + SD 55+14
Sex, female 77 (77)
CTD diagnosis
Limited SSc 41 (47)
Diffuse SSc 30 (30)
DM 26 (26)
PM 303)
Reason for examination
No Prior ILD 46 (46)
Baseline evaluation at new CTD diagnosis 19(19)
Interval evaluation for suspected ILD 27 (27)
Prevalent ILD follow-up 54 (54)
After excluding infection or aspiration on CT 95 (95)°
Incident ILD on CT 16 (16.8)
Prevalent ILD on CT¢ 50 (52.6)
Negative for ILD on CT 29 (30.5)
SSc 67 (71)
NSIP 42 (91)
UIP 4(9)
DM and PM 28 (29)
NSIP 11 (55)
UIP 1(5)
OP 8 (40)

* CT, computed tomography imaging; CTD, connective tissue dis-
ease; DM, dermatomyositis; ILD, interstitial lung disease; NSIP, non-
specific interstitial pneumonia; OP, organizing pneumonia; PM,
polymyositis; SSc, systemic sclerosis; UIP, usual interstitial
pneumonia.

9 The five patients excluded from the primary analysis were all
within this interval evaluation subgroup.

P Cohort selected for analysis.

¢ Four patients with prior diagnoses of ILD had resolution of ILD on
CT imaging.

analyses because of new CT findings associated with recent
SARS-CoV-2 infection (n = 1), other infectious process (n = 2),
and chronic aspiration (n = 2) (Figure 2).

Of the 95 patients remaining in this primary analysis cohort,
66 (69.5%) patients were found to be CT+ for ILD and
29 (30.5%) patients were found to be CT- for ILD. Patients who
were identified as CT+ had imaging findings consistent with NSIP
(n =58, 80%), OP (n =8, 12%), and UIP (n =5, 8%); OP was only
observed in the group with IM. CT was obtained for either
baseline ILD screening in patients with new CTD diagnoses
or for patients with suspicion of ILD with chronic CTD (n =
41, 43.2%). Of these, 16 (39.0%) patients were identified as
CT+ for incident ILD and 25 patients (61.0%) were identified
as CT- for ILD. All 16 patients with incident ILD had NSIP on
CT imaging. Within the primary analysis cohort, there were
54 (56.8%) patients with known CTD-ILD on prior CT imaging.
Within this group, CT imaging obtained at the time of enroll-
ment revealed that 50 patients were identified as CT+ for ILD,
and four patients were identified as CT- for ILD, likely repre-
senting resolution of ILD findings on CT in patients who were
identified as CT-.

CT examinations were also assessed using CALIPER in
69 participants. CALIPER analysis could not be obtained in the
remaining 26 patients because of technical issues with imaging
input compatibility or CALIPER analysis failure. These technical
issues occurred randomly across the cohort. Among participants
who were identified as CT+, CALIPER analysis showed the
median c%(ILD) of lung volume of 5.7% (IQR 2.5-12.4), whereas



1388

FAIRCHILD ET AL

participants who were identified as CT- resulted in a median of
0.3% (IQR 0.2-1.0), showing a statistically significant difference
(P < 0.0001). Similarly, a statistically significant difference was
seen between participants identified as CT+ versus participants
identified as CT— c%(fibrosis) of lung volume, (P < 0.0001) with a
median of 1.4% (IQR 0.6-2.5) versus a median of 0.2% (IQR
0.1-0.6), respectively.

PFTs were available for 79 participants. The median (IQR) for
%FVC between patients identified as CT+ versus patients identi-
fied as CT- was 85% (72-96.25) versus 90% (81-104), which
was not significantly different (P = 0.08). Conversely, a statistically
significant difference was seen between patients identified as CT+
versus patients identified as CT— %DLco (P = 0.0001) with a
median (IQR) of 72% (57.25-89) versus 97% (86-105),
respectively.

We also compared CALIPER and PFT indices in patients
identified as CT+ among patients previously diagnosed with ILD
versus new CT+ diagnoses within the cohort with possible ILD.
The %DLco of the previously diagnosed patients were signifi-
cantly lower than new ILD diagnosis patients with median (IQR)
of 71.0% (54.75-84.25) versus 87.5% (70.0-101.5; P = 0.022).
Similarly, %FVC was significantly lower in previously diagnosed
patients 84.0% (70.0-92.0) versus 93.5% (77.5-102.0; P =
0.037). CALIPER indices of c%(ILD) and c%fibrosis) did not differ
significantly between these groups.

LUS detection of CT-ILD. Across the entire primary analy-
sis cohort, the sensitivity of LUS detection of ILD (CT+) as read by
RMF and DAM, and consensus was 95.5% (95% Cl 87.5-98.9),
93.9% (95% Cl 85.4-97.6), and 92.4% (95% Cl 83.5-96.7)
respectively. Specificities were 82.8% (95% Cl 65.5-92.4),

86.2% (95% Cl 69.4-94.5), and 82.8% (95% Cl 65.5-
92.4), respectively. Similar sensitivities and specificities were
observed across the subsets of patients with SSc, patients with
IM, and patients with possible ILD (Table 2). Consensus reading
demonstrated lower sensitivities without any improvement in
specificities as compared to the individual experienced readers
RMF and DAM. Al five patients excluded from the primary analy-
sis cohort due to non-ILD parenchymal pathology on CT were
read as LUS-ILD+ across all readers. Inclusion of these patients
in the analysis cohort resulted in unchanged sensitivities and
reduced specificities (see Supplementary Table 1).

LZ-ILD+ interpretation was most frequently observed in the
posterior axillary, subscapular, and paravertebral positions.
More generally, LZ-ILD+ interpretation was encountered 1.7
times more often in these posterior positions compared to
anterior positions. LZ-ILD+ identification was relatively evenly
distributed between the right and left lungs with some
increased findings in the right posterior zones compared with
left (see Supplementary Table 2). We performed a post hoc
analysis eliminating the anterior lung fields from LUS interpreta-
tion to determine whether an abbreviated posterior only six
lung position examination could be sufficient for screening.
Across the entire primary analysis cohort, interpretation by
RMF and DAM and consensus excluding the anterior lung
fields resulted in a sensitivity/specificity for ILD detection of
90.9%/86.2%, 87.8%/86.2%, and 87.9%/86.2% respectively
(see Supplementary Table 3). This mild reduction in sensitivity
and increase in specificity was also seen when analyzing the
cohorts with SSc and possible ILD. In the cohort with IM, pos-
terior only interpretation resulted in mildly reduced sensitivity
and no improvement in specificity.

Table 2. Sensitivity and specificity for LUS detection of ILD on CT using the Revised LUS-ILD-24 criteria in patients

with SSc and IM*

Sensitivity,  Specificity,
Readersand cohort® TP TN FP  FN  Sensitivity, %  Specificity, % 95% Cl, % 95% Cl, %
Reader 1 (RMF)
All 63 24 5 3 95.5 82.8 (87.5-98.8) (65.5-92.4)
SSc only 41 15 4 2 95.7 81.0 (85.5-99.2) (60.0-92.3)
IM only 19 7 1 1 95.0 87.5 (76.4-99.7) (52.9-99.4)
Possible ILD 16 21 4 0 100.0 84.0 (80.6-100.0) (65.4-93.6)
Reader 2 (DAM)
All 62 25 4 4 93.9 86.2 (85.4-97.6) (69.4-94.5)
SSc only 40 16 3 3 934 85.7 (82.5-97.8) (65.4-95.0)
IM only 19 7 1 1 95.0 87.5 (76.4-99.7) (52.9-99.4)
Possible ILD 15 22 3 1 93.8 88.0 (71.6-99.7) (70.0-95.8)
Consensus”
All 61 24 5 5 924 82.8 (83.5-96.7) (65.5-92.4)
SSconly 39 15 4 4 91.3 81.0 (79.7-96.6) (60.0-92.3)
IM only 19 7 1 1 95.0 87.5 (76.4-99.7) (52.9-99.4)
Possible ILD 15 21 4 1 93.8 84.0 (71.7-99.7) (65.4-93.6)

* Cl, confidence interval; CT, computed tomography; FN, false negative; FP, false positive; ILD, interstitial lung dis-
ease; IM, inflammatory myopathy; LUS, lung ultrasound; possible ILD, patients without prior ILD diagnosis undergo-
ing baseline or follow-up assessment; SSc, systemic sclerosis; TN, true negative; TP, true positive.

@ Cohorts are subdivided as the following: All (n = 95), SSc only (n = 67), IM only (n = 28), and possible ILD (n = 41).
P Consensus was defined by identification by two to three out of three readers.
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We also assessed the effect of combining LUS and PFTs for
ILD screening in 79 patients who had PFTs available. ILD was
detected when any of the following criteria were met: if LUS-ILD
+ was identified using the revised LUS-ILD-24 criteria, %DLco <
80%, or %FVC < 80%. The addition of PFTs reduced the number
of false negatives and increased the false positives to a lesser
extent (see Supplementary Table 4). This resulted in sensitivities
of 95% or greater for ILD detection across all patients for expert
readers and consensus reading but with reduced specificities.

Reader agreement. Interrater reliability for LUS-ILD+ inter-
pretation across the 95 studies was excellent (x = 0.92; 95% ClI
0.85-0.98), with 95.8% overall agreement in interpretation among
the three readers (Table 3). Similar high agreement (k = 0.79; 95%
Cl 0.76-0.81) was seen among the three readers for the 1,428
interpreted LZs (LZ-ILD+ versus LZ-ILD-) with 89.3% overall per-
cent agreement across the three readers. Using reinterpretation
of 20 studies six months after initial reading, intrareader reliability
for individual images (LZ+ versus LZ-) for RMF, DAM, and MDD
were k = 0.89 (95% CI 0.78-1.00), k = 0.84 (95% CI 0.78-1.00),
k =0.80 (95% CI 0.78-1.00), and for overall studies (LUS+ versus
LUS-) intrareader agreement was k = 0.90 (95% CI 0.71-1.00),
k=0.90 (95% CI 0.71-1.00), and k = 1, respectively.

LUS severity. Summing the number of LZ-ILD+ per exami-
nation provided a severity score for each patient (0-14). After
obtaining an average severity scores across all three readers for
each patient, the median severity score across the entire primary
analysis cohort was 4.0 (IQR 0.3-7.0) and the median severity
score for only those patients who were identified as LUS-ILD+
by consensus reading was 5.7 (IQR 3.3-8.4). Qualitative review
of the scoring revealed similar scoring between RMF and DAM

Table 3.

and lower average severity scores for the
from MDD.

Using average severity scores for each patient, LUS severity
showed strong correlation to CALIPER measures of c%(ILD), r =
0.70 (95% CIl 0.54-0.80), and moderate correlations with c%
(fibrosis), r = 0.58, (95% CI 0.39-0.72). There was moderate neg-
ative correlation of severity scoring to %DLco, r = —0.50 (95% Cl
—0.65 to —-0.30), and a weak negative correlation between LUS
severity scoring and %FVC, r = -0.24 (95% Cl —-0.44 to —0.01).

interpretation

DISCUSSION

Our initial LUS-ILD-20 interpretation criteria were formulated
with the goal of creating a simple and standardized method for
interpreting LUS imaging for the presence or absence of ILD in
patients with SSc. An initial pilot using the LUS-ILD-20 showed
excellent sensitivity and specificity for ILD detection in patents
with SSc.'* In a more recent study performed by another group,
similarly high accuracy was observed in 29 patients with SSc
using LUS-ILD-20.?° With continued experience using these cri-
teria, we made minor modifications to clarify and simplify the
LUS-ILD-20 criteria. Among these, the addition of criterion 2d to
the interpretation criteria provides exemptions for lung fissures
and physiologic irregularities at the very inferior margins of the
lungs. These findings are commonly observed in most individuals
and can result in false positive interpretation using the LUS-ILD-
20 criteria. In this current validation study, the revised LUS-ILD-
24 criteria performed well in detecting CT-identified ILD with
excellent sensitivity and specificity in a validation cohort of
patients with SSc and IM. Importantly, LUS-ILD-24 criteria per-
formed equally as well on a subset of patients with possible ILD
referred for CT chest for baseline ILD evaluation in patients with

Interreader and intrareader reliability and LUS-ILD-24*

Individual lung
zones, K (95% Cl)

For studies, k (95% Cl)

LUS-ILD-24 severity, p (95% CI)?

Reader reliability
Interreader reliabilityb 0.79(0.76-0.81)
Intrareader reliability”
Reader 1 (RMF)
Reader 2 (DAM)
Reader 3 (MDD)
Measures of severity
PFTs
%DLco -
%FVC -
CALIPER
total % fibrosis -
total % ILD =

0.89 (0.83-0.95)
0.84(0.77-0.91)
0.80(0.71-0.89)

0.92 (0.85-0.98) -

0.90 (0.71-1) -
0.90(0.71-1) -
1 _

= -0.50 (-0.65 to -0.30)
= -0.24 (-0.44 to -0.01)

= 0.58 (0.39-0.72)
= 0.70 (0.54-0.80)

* CALIPER, Computer-Aided Lung Informatics for Pathology Evaluation and Ratings (artificial intelligence quantification
of computed tomography ILD findings); Cl, confidence interval; DLco, diffusion capacity of the lungs for carbon monox-

ide; FVC, forced vital capacity; ILD, interstitial lung disease; LUS, lung ultrasound; PFTs, pulmonary function tests.

@ Spearman correlations. LUS-ILD-24 severity is defined by revised 2024 LUS interpretation criteria severity
assessed by summing positive lung zones for each patient using consensus reading.

® Intrareader reliability for three readers assessed using Randolph's free marginal multirater kappa.

¢ Intrareader reliability calculated using Cohen’s kappa.
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newly diagnosed CTD or suspected ILD in patients
with known CTD.

We analyzed sensitivity and specificity in two scenarios:
experienced readers (RMF and DAM) and consensus interpreta-
tion across three readers. We found excellent agreement across
all readers for LZ interpretation as well as overall examination
interpretation. Sensitivity and specificity remained high across all
patient cohorts for experienced readers. Mildly reduced sensitivity
without improved specificity was observed with consensus inter-
pretation. These findings suggest that individual experienced
readers may provide the best performance in screening for ILD
using the LUS-ILD-24 criteria. The cohort with possible
ILD deserves special attention because this group represents
patients for whom LUS evaluation may be most useful. Both
experienced readers (RMF and DAM) and consensus reading
using the LUS-ILD-24 were highly sensitive for ILD detection in
this cohort, with only one false negative as interpreted by DAM
and consensus readings. To assess if this group had less severe
disease which might be more difficult to detect on LUS, we com-
pared PFT and CALIPER indices in patients identified as CT+
between the cohort with possible ILD versus those with prior ILD
diagnoses. The group with possible ILD had less prominent
reductions in %DLco and %FVC compared with the patients iden-
tified as CT+ with prior ILD diagnoses. CT imaging severity by
CALIPER quantification was not significantly different between
these groups. These findings suggest similar severity in CT imag-
ing between these groups but more significant functional impact
in patients with chronic ILD; this may explain why LUS-ILD-24
performs well across all subsets.

Previously, LUS-ILD-20 criteria were evaluated in patients
with SSc only. In this study, the LUS-ILD-24 criteria performed
similarly well in patients with IM, even in patients found to have
OP, an ILD type less explored with LUS. Of the 20 patients with
IM found to be CT+, eight had OP, of which seven were LUS+
and one LUS- across all interpretation groups. Further work to
understand the accuracy of LUS in patients with IM-related OP
is needed.

We also assessed a whether a limited posterior only lung
examination could be sufficient for ILD detection using the LUS-
ILD-24. Posterior only examinations can be obtained rapidly in
clinic with patients only needing to lift the back of their shirts,
rather than gowning often required for anterior LUS examination.
Interestingly, the sensitivity for ILD detection after excluding ante-
rior views was only reduced by roughly 5% across cohorts and
readers, with some improvement in specificities (see Supplemen-
tary Table 3). This approach may find use as a rapid screen for
rheumatology ultrasonographers in their clinics.

PFTs are currently an integral component of screening for
ILD. PFTs have a high false negative rate for ILD detection on
their own but are helpful in combination with other modalities.”
When we combined LUS and PFTs we found increased sensitiv-
ity and somewhat reduced specificity for ILD detection (see

Supplementary Table 4). Because PFT assessment is standard
practice, combining PFTs and LUS may provide additional
accuracy. However, this study was not powered to specifically
ascertain maximized PFT cutoffs for combined LUS and PFTs
detection of ILD and more work is heeded.

We also evaluated the effectiveness of an ILD severity scor-
ing system based on the revised LUS-ILD-24, which demon-
strated strong correlations with c%(ILD), moderate positive and
negative correlations with c%(fibrosis) and %DLCO, respectively,
and a weak negative correlation with %FVC. These results indi-
cate that, beyond detecting ILD, the revised LUS-ILD-24 criteria
may be a valuable tool for longitudinal monitoring of ILD. Further
longitudinal studies incorporating LUS, CT imaging, and PFTs
are necessary to better understand the utility of the LUS-ILD-24
in disease monitoring. Because LUS can be performed more fre-
quently than CT, early follow-up LUS imaging after therapy is initi-
ated for ILD has the potential to provide early objective evidence
of therapeutic response, or lack thereof, and may allow for earlier
modifications to therapy when needed.

Recently, parallel work by the Outcome Measures in Rheu-
matology (OMERACT) ultrasound working group on ILD
attempted to obtain consensus-based definitions of LUS findings
associated with ILD.2%2® Consensus definitions for B-lines and
pleural irregularity were achieved. However, only a moderate
interreader agreement was seen in a Delphi study review of
80 LUS video clips®® using these definitions. In contrast to our
study, the frequency ranges in this OMERACT study were
focused on lower resolution and increased penetration (between
4-10 MH2). In our cohort of nearly 1,400 LUS video clips, most
LUS clips were obtained at 12 MHz with occasional use of lower
frequencies of 10 or 8 MHz due to body habitus. Lower frequency
tends to increase the conspicuousness of B-line artifacts but
reduces spatial resolution and sensitivity for identifying pleural
irregularity at the pleural surface.®*! Across our current and prior
LUS-ILD cohorts, we found that B-line artifacts were variably
present in ILD-affected lung, whereas directly visualizing nonarti-
factual pleural irregularity or granularity was more consistently
present (Supplemental Figure 1). B-line artifact presence and
intensity varies with machine settings such as frequency and can
be dramatically reduced with common modern imaging process-
ing algorithms designed to eliminate ultrasound artifacts such as
compound spatial imaging.®? These factors led us to exclude
B-lines specifically from our interpretation criteria in the prior
LUS-ILD-20 and current LUS-ILD-24.

Improving ILD detection continues to be an important issue
for pulmonologists, rheumatologists, and radiologists alike. Low
dose CT imaging techniques are one tool that has been pro-
posed.®33* Although this reduces the risks associated with ioniz-
ing radiation, this technique remains costly, with a high
environmental impact, limited availability, and with a reduced sen-
sitivity for ILD detection compared to standard radiation dose
protocols.®*
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The LUS-ILD-24 criteria may serve as a springboard for
incorporation of LUS into a next generation ILD detection algo-
rithm. The results of this study suggest LUS-ILD-24 would per-
form well as a highly sensitive initial screen for patients in the
possible ILD group with only patients with LUS+ referred on for
CT imaging for diagnostic confirmation. We can evaluate this
hypothetical scenario post hoc on the possible ILD group, includ-
ing patients excluded from the primary analysis, 46 patients in
total. In this scenario using Reader 1 (RMF) results, 21 CT scans
could have been avoided due to LUS- results. Of the patients
identified as LUS+, CT imaging would reveal 16 new ILD diagno-
ses, five patients with infection or aspiration, and four patients
without any lung pathology. No CTD-ILD would have been
missed. Although false positive LUS would be seen in the five
patients with infection and aspiration, identifying these etiologies
on the triggered CT imaging would likely also be of clinical use.
Reader 2 (DAM) and consensus readers would have missed one
patient with incident mild atypically apical ILD. In the analyzed
cohort with LUS and PFT-possible ILD (Supplementary Table 4),
combining LUS with PFT would lead to no ILD being missed.
Overall, this suggests incorporation of LUS with or without PFTs
as a screening test can greatly reduce CT imaging burden in this
patient population and is highly sensitive for ILD.

To incorporate LUS into clinical practice, efforts to dissemi-
nate LUS technique and build a critical mass of experience with
this technique will be essential. Rheumatologists are the primary
point of contact for CTD patients at risk for ILD and the increasing
ability of rheumatology ultrasonographers to perform a variety of
diagnostic procedures makes ILD assessment by LUS feasible.
In many areas of the world, ultrasound may be the only imaging
tool available to health care providers,'®® and the LUS-ILD-24
provides a simple set of criteria to detect ILD by LUS that can be
performed by providers across any discipline. Furthermore, the
development of deep-learning algorithms to assist in human
LUS interpretation may help increase implementation of this
technique.

The strengths of this study are the large sample size, a short
CT to LUS interval, parallel PFT and lung texture analysis quantifi-
cation using CALIPER, and inclusion of patients with IM in the val-
idation cohort. These factors provide significant power to assess
sensitivity, specificity, and correlations between LUS severity with
PFTs and CALIPER indices and provide support for the construct
and criterion validity of this technique. Additionally, assessing
interpretation with three readers and several reading paradigms
reinforces the robustness of our results. Limitations to this study
include the fact that both the pilot and current validation studies
were performed at a single center, which may reduce generaliz-
ability. A recent external study using our LUS-ILD-20 in patients
with SSc-ILD found similar results with sensitivity of 91% and
specificity of 86% for ILD detection,?® but further external valida-
tion using LUS-ILD-24 in a large cohort would be useful. We did
not collect patient-reported outcomes for further correlation with

severity, nor did we obtain longitudinal imaging to assess sensitiv-
ity to change over time, although these studies are currently
ongoing. CALIPER and PFT results were not available in all
patients.

In conclusion we found excellent sensitivity and specificity for
our revised LUS-ILD-24 interpretation criteria in this validation
study in patients with SSc and IM. LUS-ILD-24 performed simi-
larly well in cohorts with SSc and IM, as well as incident ILD detec-
tion. Our findings provide support for including LUS-ILD-24 in the
assessment of ILD in patients with SSc and IM, with potential for
use at baseline CTD diagnosis, follow-up screening, and evalua-
tion for new suspected ILD. Correlations between LUS-ILD-24
severity and both PFT indices and CT imaging severity opens
the door for future studies to determine if LUS monitoring may
have a role in assessing treatment response.

ACKNOWLEDGMENTS

A large language model was used solely for checking spelling and
to help format references for this article.

AUTHOR CONTRIBUTIONS

All'authors contributed to at least one of the following manuscript
preparation roles: conceptualization AND/OR methodology, software,
investigation, formal analysis, data curation, visualization, and validation
AND drafting or reviewing/editing the final draft. As corresponding
author, Dr Fairchild confirms that all authors have provided the final
approval of the version to be published and takes responsibility for the
affirmations regarding article submission (eg, not under consideration
by another journal), the integrity of the data presented, and the state-
ments regarding compliance with institutional review board/Declaration
of Helsinki requirements.

ROLE OF THE STUDY SPONSOR

Boehringer Ingelheim had no role in the study design or in the col-
lection, analysis, or interpretation of the data, the writing of the manu-
script, or the decision to submit the manuscript for publication.
Publication of this article was not contingent upon approval by Boehrin-
ger Ingelheim.

REFERENCES

1. Gutsche M, Rosen GD, Swigris JJ. Connective tissue disease-
associated interstitial lung disease: a review. Curr Respir Care Rep
2012;1(4):224-232.

2. Joy GM, Arbiv OA, Wong CK, et al. Prevalence, imaging patterns and
risk factors of interstitial lung disease in connective tissue disease: a
systematic review and meta-analysis. Eur Respir Rev 2023;32(167):
220210.

3. Molberg @, Hoffmann-Vold AM. Interstitial lung disease in systemic
sclerosis: progress in screening and early diagnosis. Curr Opin Rheu-
matol 2016;28(6):613-618.

4. Steen VD, Medsger TA. Changes in causes of death in systemic scle-
rosis, 1972-2002. Ann Rheum Dis 2007;66(7):940-944.

5. Johnson SR, Bernstein EJ, Bolster MB, et al. 2023 American College
of Rheumatology (ACR)/American College of Chest Physicians
(CHEST) guideline for the screening and monitoring of interstitial lung



1392

FAIRCHILD ET AL

10.

11.

12.

13.

14.

18.

16.

17.

18.

19.

20.

disease in people with systemic autoimmune rheumatic diseases.
Arthritis Rheumatol 2024;76(8):1201-1213.

Khanna SA, Nance JW, Suliman SA. Detection and monitoring of
interstitial lung disease in patients with systemic sclerosis. Curr Rheu-
matol Rep 2022;24(5):166-173.

Suliman YA, Dobrota R, Huscher D, et al. Brief report: pulmonary
function tests: high rate of false-negative results in the early detection
and screening of scleroderma-related interstitial lung disease. Arthritis
Rheumatol 2015;67(12):3256-3261.

Hoffmann-Vold AM, Maher TM, Philpot EE, et al. The identification and
management of interstitial lung disease in systemic sclerosis:
evidence-based European consensus statements. Lancet Rheumatol
2020;2(2):e71-e83.

McAlister S, McGain F, Petersen M, et al. The carbon footprint of hos-
pital diagnostic imaging in Australia. Lancet Reg Health West Pac
2022;24:100459.

Hricak H, Ward ZJ, Atun R, et al. Increasing access to imaging for
addressing the global cancer epidemic. Radiology 2021;301(3):
543-546.

Bernstein EJ, Khanna D, Lederer DJ. Screening high-resolution com-
puted tomography of the chest to detect interstitial lung disease in
systemic sclerosis: a global survey of rheumatologists. Arthritis Rheu-
matol 2018;70(6):971-972.

Bierig SM, Jones A. Accuracy and cost comparison of ultrasound ver-
sus alternative imaging modalities, including CT, MR, PET, and angi-
ography. J Diagn Med Sonogr 2009;25(3):138-144.

Picano E, Mangia C, D’Andrea A. Climate change, carbon dioxide
emissions, and medical imaging contribution. J Clin Med 2022;
12(1):215.

Fairchild R, Chung M, Yang D, et al. Development and assessment of
novel lung ultrasound interpretation criteria for the detection of intersti-
tial lung disease in systemic sclerosis. Arthritis Care Res (Hoboken)
2021;73(9):1338-1342.

Ferro F, Delle Sedie A. The use of ultrasound for assessing interstitial
lung involvement in connective tissue diseases. Clin Exp Rheumatol
2018;36 Suppl 114(5):165-170.

Vega-Fermnandez P, Ting TV, Mar DA, et al. Lung ultrasound in children
with systemic juvenile idiopathic arthritis-associated interstitial lung
disease. Arthritis Care Res (Hoboken) 2023;75(5):983-988.

Watanabe S, Yomono K, Yamamoto S, et al. Lung ultrasound in the
assessment of interstitial lung disease in patients with connective tis-
sue disease: performance in comparison with high-resolution com-
puted tomography. Mod Rheumatol 2024;35(1):79-87.

Ha YJ, Lee YJ, Kang EH. Lung involvements in rheumatic diseases:
update on the epidemiology, pathogenesis, clinical features, and
treatment. BioMed Res Int 2018;2018:6930297.

Silver KC, Silver RM. Management of systemic-sclerosis-associated
interstitial lung disease. Rheum Dis Clin North Am 2015;41(3):
439-457.

Jacob TM, Matin TN, Jacob J. Imaging approach to interstitial lung
disease. In: Cottin V, Richeldi L, Brown K, et al, eds. Orphan
Lung Diseases: A Clinical Guide to Rare Lung Disease. Springer Inter-
national Publishing; 2023:505-523. https://doi.org/10.1007/978-3-
031-12950-6_29

21.

22.

23.

24,

25.

26.

27.

28.

290.

30.

31.

32.

33.

34.

35.

Huang Y, Liu T, Huang S, et al. Screening value of lung ultrasound in
connective tissue disease related interstitial lung disease. Heart Lung
2023;57:110-116.

Song G, Bae SC, Lee YH. Diagnostic accuracy of lung ultrasound for
interstitial lung disease in patients with connective tissue diseases: a
meta-analysis. Clin Exp Rheumatol 2016;34(1):11-16.

Yan JH, Pan L, Gao YB, et al. Utility of lung ultrasound to identify inter-
stitial lung disease: an observational study based on the STROBE
guidelines. Medicine (Baltimore) 2021;100(12):e25217.

Fairchild RM, Horomanski A, Mar DA, et al. Prevalence and signifi-
cance of pulmonary disease on lung ultrasonography in outpatients
with  SARS-CoV-2 infection. BMJ Open Respir Res 2021;8(1):
e000947.

Delle Sedie A, Terslev L, Bruyn GAW, et al; OMERACT US Task Force
on Lung US in Rheumatology. Standardization of interstitial lung dis-
ease assessment by ultrasound: results from a Delphi process and
web-reliability exercise by the OMERACT ultrasound working group.
Semin Arthritis Rheum 2024;65:152406.

Gutierrez M, Soto-Fajardo C, Pineda C, et al. Ultrasound in the
assessment of interstitial lung disease in systemic sclerosis: a system-
atic literature review by the OMERACT ultrasound group. J Rheumatol
2020;47(7):991-1000.

Zavaletta VA, Bartholmai BJ, Robb RA. High resolution multidetector
CT-aided tissue analysis and quantification of lung fibrosis. Acad
Radiol. 2007;14(7):772-787.

Randolph JJ. Free-marginal multirater kappa (multirater «free): an
alternative to Fleiss Fixed-marginal multirater kappa. Paper presented
at: University of Joensuu Learning and Instruction Symposium;
October 14-15, 2005; Joensuu, Finland.

Mohammad Reza Beigi D, Pellegrino G, Loconte M, et al. Lung ultra-
sound compared to computed tomography detection and automated
quantification of systemic sclerosis-associated interstitial lung dis-
ease: preliminary study. Rheumatology (Oxford) 2024;63(5):1240—
1245.

Dietrich CF, Mathis G, Blaivas M, et al. Lung B-line artefacts and their
use. J Thorac Dis 2016;8(6):1356-1365.

Soldati G, Demi M, Inchingolo R, et al. On the physical basis of pulmo-
nary sonographic interstitial syndrome. J Ultrasound Med 2016;
35(10):2075-2086.

Lin DC, Nazarian LN, O’Kane PL, et al. Advantages of real-time spatial
compound sonography of the musculoskeletal system versus con-
ventional sonography. AJR Am J Roentgenol 2002;179(6):1629-
1631.

Ley S, Fidler L, Schenk H, et al. Low dose computed tomography of
the lung for detection and grading of interstitial lung disease: a sys-
tematic simulation study. Pulmonology 2021;27(1):14-25.

Martini K, Jungblut L, Sartoretti T, et al. Impact of radiation dose on
the detection of interstitial lung changes and image quality in low-dose
chest CT — assessment in multiple dose levels from a single patient
scan. Eur J Radiol 2023;166:110981.

Lanza GM. Ultrasound imaging: something old or something new?
Invest Radiol 2020;55(9):573-577.


https://doi.org/10.1007/978-3-031-12950-6_29
https://doi.org/10.1007/978-3-031-12950-6_29

Arthritis Care & Research
Vol. 77, No. 11, November 2025, pp 1393-1394
© 2025 American College of Rheumatology

LETTER

DOI 10.1002/acr.25538

Withholding acetaminophen for older adults with
osteoarthritis? Not so fast: comment on the article by
Kaur et al

To the Editor:

Kaur et al report that acetaminophen use is associated with a
significantly higher risk of gastrointestinal, cardiovascular, and
renal adverse effects in older adults with osteoarthritis." The
reported associations are likely confounded by the higher preva-
lence in the acetaminophen group of the use of opioids (70% vs
30%), aspirin (40% vs 20%), and nonsteroidal anti-inflammatory
drugs (NSAIDs; 31% vs 12%), drugs known to be associated with
these adverse effects.?* Although use of the inverse probability of
treatment weighting (IPTW) approach allows the creation of a bal-
anced cohort for the estimation of unbiased average treatment
effects,* the above imbalances in the use of opioids, aspirin, and
NSAIDs were observed in the IPTW cohort.”

Because most practicing clinicians are unaware that IPTW
cohorts are synthetic or artificial* and many might be uncomfort-
able with studies based on a population of pseudopatients,
greater transparency is needed in the reporting of IPTW studies.
In addition to clearly mentioning it in the Abstract and Methods
sections, the use of subheadings such as “Findings from a syn-
thetic population” may also more visibly increase transparency.
This would be akin to subheadings such as “Findings from a ran-
domized trial” or “Findings from a cross-sectional study.”

The 2019 American College of Rheumatology/Arthritis Foun-
dation osteoarthritis guideline recommends that for patients with
osteoarthritis with intolerance of or contraindications to NSAIDs,
acetaminophen may be appropriate for short-term and episodic
use.® This is especially true for older adults, most of whom are
unable to tolerate NSAIDs.® Clinicians should not be advised to
withhold acetaminophen from older adults with osteoarthritis
based on the findings of this study.

Drs Ahmed and Faselis’s work was supported in part by the US
Department of Veterans Affairs (grant 1101HX003552).
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Reply

To the Editor:

We thank Ahmed et al for their interest in this study. We con-
ducted a retrospective cohort study and reported that acetamino-
phen prescription was associated with a significantly higher risk of
gastrointestinal, cardiovascular, and renal adverse effects in
adults >65 years of age. We acknowledged the concerns raised
by Ahmed et al regarding potential confounders, such as the use
of opioids, aspirin, and nonsteroidal anti-inflammatory drugs,
which are known to be associated with these adverse effects.
To mitigate the effect of confounders, including those mentioned
by Ahmed et al, we used different analytical approaches: (1) age,
sex, and practice-matched Cox regression; (2) multivariable Cox
regression; (3) propensity score (PS) matching with Cox regres-
sion; and (4) inverse probability of treatment weighting (IPTW)
using PS with Cox regression.

As shown in the article, the magnitude of risk estimates
reduced when additional covariates and adjustment techniques
that can account for confounding were used, although we agree
residual confounding could still be present, as acknowledged in
the article.” Because we undertook a range of analyses, including
IPTW (which includes the entire eligible cohort), we disagree that
this study should be described as having “Findings from a syn-
thetic population,” and we have not come across this description
previously.

We agree with Ahmed et al that “Clinicians should not be
advised to withhold acetaminophen from older adults with osteo-
arthritis based on the findings of this study,” and we have not sug-
gested this as part of the recommendations of our study. Our
study offers evidence on the risks of adverse events associated
with oral acetaminophen use in adults aged >65 years, including
those with osteoarthritis, and is in line with previous research.?=®
We suggest that the findings of this study be considered by
guideline writing groups when recommending first-line analgesia
in people with osteoarthritis.
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