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A Zebra at the Rodeo: Dyspnea, Hematuria, and a Family

History of Arthritis

Javier S. Cabrera-Pérez, Justin Branch, Anaid Reyes, Mini Michael, Karen W. Eldin, Manuel Silva-Carmona,

and Tiphanie P. Vogel

CASE PRESENTATION

Chief symptoms

An 18-year-old woman was admitted for evaluation and
management of symptomatic anemia after presenting to her pri-
mary care physician with fatigue and shortness of breath.

History of present iliness

An 18-year-old, previously healthy woman was admitted for
urgent evaluation and management of symptomatic anemia after
presenting to her primary care physician with fatigue and shortness
of breath. The initial outpatient evaluation was remarkable for hypo-
chromic, microcytic anemia with a hemoglobin level of 6.7 gm/dl.

Three months prior to her admission, the patient developed a
persistent cough without wheezing or other symptoms of a pre-
ceding upper respiratory infection. Her respiratory symptoms pro-
gressed to include dyspnea and gradually worsened despite
treatment with amoxicilin and bronchodilators. There was no
chest pain. In addition, she reported fatigue that began one
month prior to presentation to her physician while she was show-
ing swine at a local livestock competition and rodeo. Her mother
recalled the patient having a pale appearance upon returning from
the rodeo, though the patient was able to attend school and carry
out her afterschool activities.

In the week prior to admission, the patient had noticed her
urine was dark but dismissed this as a side effect of the iron tab-
lets she was taking. The day prior to admission, she noticed that
both feet appeared swollen and were aching. She reported no
previous instances of joint swelling or any fevers, night sweats,
rashes, oral or nasal ulcers, alopecia, Raynaud’s phenomenon,
photosensitivity, epistaxis, hearing loss, dysphagia, or numbness.

Javier S. Cabrera-Pérez, MD, PhD, Justin Branch, BS, Anaid Reyes, BA, Mini
Michael, MD, Karen W. Eldin, MD (current address: McGovern Medical School,
University of Texas Health Science Center, Houston), Manuel Silva-Carmona,
MD, Tiphanie P. Vogel, MD, PhD: Baylor College of Medicine and Texas Chil-
dren’s Hospital, Houston, Texas.

No potential conflicts of interest relevant to this article were reported.

Past medical, social, and family history

The patient had no significant medical history prior to presen-
tation, except one hospitalization as an infant for respiratory
syncytial virus bronchiolitis. She denied tobacco, alcohol, or rec-
reational drug use and denied sexual activity. She described
being very active and working on her family farm every morning
and interacting with pigs, chickens, goats, cattle, and lambs.

At the time of her presentation, the patient’s younger brother
had been under treatment for 5 years for polyarticular juvenile idi-
opathic arthritis (JIA) with onset at the age of 8 years. Her parents
and older sister are healthy. Further questioning revealed her
paternal grandmother had severe rheumatoid arthritis (RA) and
died from RA-related complications at age 50 years, though spe-
cific medical details were not available. Additionally, a paternal
uncle was also noted to have a reported diagnosis of RA. The
patient also had two older paternal half-brothers; one died young
after a motor vehicle collision and the other had a history of JIA
during his childhood but was not under medical treatment as an
adult. The patient is Mexican American, and her family has been
in Texas for more than three generations.

Physical examination

The patient was afebrile and vital signs were unremarkable
on presentation. She was a well-developed, well-nourished,
tired-appearing female teenager in no apparent distress, but with
noticeable pallor. There was no rash, jaundice, or icterus. Oro-
pharynx and nasal mucosa were clear. On auscultation, fine inspi-
ratory and expiratory crackles were heard, most prominently in
the right lung base, but she had normal respiratory effort with
good air entry and no wheezing. Her extremities were notable for
bilateral periarticular ankle swelling, but no synovitis or effusions

Address correspondence to Tiphanie P. Vogel, MD, PhD: Department of
Pediatrics, Division of Rheumatology, Baylor College of Medicine, 1102 Bates
Street Suite 330, Houston, TX 77030. Email: tpvogel@bcm.edu.
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were present. The remainder of her physical examination was
unremarkable.

Laboratory evaluation, imaging, and
interventions

Initial laboratory evaluations are shown in Table 1. In addition
to anemia, results were notable for the presence of systemic
inflammation (erythrocyte sedimentation rate [ESR] of 91 mm/hour)
and multiple positive serologic tests, including antinuclear anti-
bodies (ANAs), rheumatoid factor (RF), anti—cyclic citrullinated
peptide (CCP) antibodies, antineutrophil cytoplasmic antibodies
(ANCAs), and myeloperoxidase (MPO) antibodies. The ANCA
immunofluorescence pattern was inconclusive. Antibodies
against red blood cells (RBCs), double-stranded DNA, and
extractable nuclear antigens were not detected, and levels of
complement 3 and C4 were within normal limits. Urinalysis
revealed significant proteinuria 4.6 mg protein/mg creatinine and
hematuria (RBCs too numerous to count) with active sediment,
including granular and hyaline casts.

Computed tomography of the chest showed patchy ground
glass and reticular opacities with septal thickening within the
right middle lobe and lingula and throughout the basal segments
of both lower lobes (Figure 1). This was superimposed on
diffuse, thin-walled cystic changes throughout the lungs
(Figure 1). Therefore, the radiographic findings were concerning
for both pulmonary hemorrhage and nonspecific interstitial
pneumonia, suggestive of the presence of a chronic process
despite her recent onset of symptoms. Bronchoalveolar lavage

Table 1. Laboratory results*

Initial Normal
Variables value range
WBC, 10°/ul 8.7 4.5-135
Hemoglobin, gm/d| 6.7 12.0-16.0
Hematocrit, % 234 36.0-45.0
Mean corpuscular volume, fl 66.3 78.0-95.0
Platelet count, 10%/ul 377 150-450
Absolute neutrophil count, 103/pl 5.1 1.8-8
Absolute lymphocyte count, cells/ul 2,728 1,000-3,900
Absolute reticulocyte count, 10/l 0.191 0.029-0.990
Direct antiglobulin test (Coombs’ Negative Negative

test)
Erythrocyte sedimentation rate, 91 <20
mm/hour

C-reactive protein, mg/dl <0.5 <1
ANA titer 1:1,280 <1:80
ANCA titer 1:320 Negative
Anti-MPO titer, AU/ml 207 <19
Rheumatoid factor, IU/ml 344 <14
Anti-CCP, units 27 0-19
C3 complement, mg/dl 102 86-182
C4 complement, mg/dl 25 17-51

* ANA = antinuclear antibody; ANCA = antineutrophil cytoplasmic
antibody; anti-CCP = anti-cyclic citrullinated peptide; anti-MPO =
antimyeloperoxidase antibody; WBC = white blood cell.

samples of the right middle lobe and lingula revealed blood-
tinged fluid. Samples showed abnormal cellularity that
comprised 65-80% macrophages (normal range 80-90%),
15-25% lymphocytes (normal range 5-10%), and 5-10% neu-
trophils (normal range <5%). There were abundant RBCs in the
sample, and iron staining revealed occasional hemosiderin-
laden macrophages.

CASE SUMMARY

The patient is an 18-year-old, previously healthy woman who
presented with fatigue and shortness of breath in the setting of ane-
mia and systemic inflammation. She was found to have hematuria
and evidence of chronic cystic interstitial lung disease (ILD) and
diffuse alveolar hemorrhage (DAH), overall conceming for a
pulmonary-renal syndrome. These conditions were observed in
the setting of the patient having multiple positive findings on autoan-
tibody testing and a strong family history of autoimmune disease.

DIFFERENTIAL DIAGNOSIS

ANCA-associated vasculitis. The major ANCA-associated
systemic vasculitides, microscopic polyangiitis (MPA) and gran-
ulomatosis with polyangiitis (GPA), are the result of small vessel
vascular inflammation and typically present with pulmonary
hemorrhage, glomerulonephritis, and the presence of ANCA
autoantibodies (1). In MPA, ANCAs are typically found in a peri-
nuclear immunofluorescence pattern with MPO specificity
performed by enzyme-linked immunosorbent assay; in GPA,
ANCAs are typically cytoplasmic with proteinase 3 (PR3) speci-
ficity. The granulomatous inflammation underlying GPA can also
lead to several classic findings—including sinusitis, hearing loss,
and pulmonary nodules—which were notably absent in this
patient.

Patients with ANCA-associated vasculitis often describe a
prodromal iliness preceding the onset of fulminant disease by
up to several months. While pulmonary and renal findings are
the predominant clinical features in ANCA-associated vasculi-
tis, many patients also experience skin, ocular, neurologic,
and musculoskeletal involvement, with 40% of patients experi-
encing inflammatory polyarthritis (2). ANCA-associated vasculi-
tis is uncommon, with ~20 cases per million people, and
incidence increases with age, peaking in the seventh decade
of life.

Glomerulonephritis in ANCA-associated vasculitis is pauci-
immune with focal necrotizing crescents. However, up to half of
biopsies have an immune complex deposition, a finding that is
associated with increased proteinuria and a higher percentage
of crescents (1,3). While the diagnosis of ANCA-associated
vasculitis is often confirmed by positive findings on serologic
testing, MPO-ANCA can be found in other disorders such as
systemic lupus erythematosus (SLE) (1,4).
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Figure 1. Computed tomography (CT) of the chest and renal histologic findings. A and B, Patchy ground glass and reticular lung opacities
(arrows) (A) with thin-walled cystic changes found throughout the lungs (arrows) (B). C, Renal biopsy section with periodic acid-Schiff staining,
with cellular crescent formation (arrow). Original magnification x 400. D, Representative electron micrograph from the renal biopsy highlights scat-

tered mesangial electron-dense deposits (arrow).

Anti-glomerular basement membrane disease.
Anti—glomerular basement membrane (GBM) disease, or Good-
pasture’s syndrome, is a rare small vessel pulmonary-renal syn-
drome, with ~1.5 cases per million people reported (5). It is
caused by pathogenic autoantibodies against type IV collagen lin-
ing the basement membrane of vessels in the lungs and kidney.
The classic presentation of this disorder is typically seen in men
in their fifth or sixth decades of life, but the clinical presentation
of pulmonary hemorrhage and rapidly progressive glomerulone-
phritis could be otherwise undistinguishable from ANCA-
associated vasculitis. In fact, patients with anti-GBM disease
often also have positive findings on serologic testing for ANCAs,
especially MPO-ANCA. The majority of patients with anti-GBM
disease experience prodromal symptoms (i.e., fever, malaise,
fatigue) as part of their presentation, but frank polyarthritis is
uncommon (6). Overall, the prodromal phase is shorter (days to
weeks) than in ANCA-associated vasculitis, unless the patient
has dual anti-GBM and ANCA positivity. Dual-positive patients
also have an increased rate of relapse compared to anti-GBM
single-positive patients. Diagnosis of anti-GBM disease is made
by the detection of anti-GBM antibodies in the peripheral blood
and/or along the basement membrane of a tissue biopsy, usually
renal, showing a linear pattern of IgG immunofluorescence in a
patient with renal and/or pulmonary disease.

Systemic lupus erythematosus. As a “great imitator,”
SLE should be included in the differential when presented with
this clinical presentation—namely, a woman of reproductive age
with fatigue, anemia, nephritis, and pulmonary hemorrhage who
is found to have a positive ANA titer (7). Pulmonary involvement
with serositis is a recognized complication in SLE, and cumula-
tively occurs in over half of lupus patients. SLE with ILD or DAH
is more rare, and only 2% of lupus patients have DAH (7). Lupus
patients with DAH are more likely to have active nephritis; how-
ever, they are also more likely to have positive findings for anti-
phospholipid antibodies and hypocomplementemia. It is worth
commenting that in hypocomplementemic lupus patients, diffuse
lung opacities could represent significant infection as the result
of decreased fixation and opsonization of microbes. Other com-
mon findings in active SLE, including mucocutaneous manifesta-
tions and arthritis (found in one- to two-thirds of patients,
depending on the method of diagnosis [8]), were absent in this
patient.

COPA syndrome. Recently, Watkin and colleagues
described five families with an autosomal dominant genetic lung
disease caused by mutations in the COPA gene (9). Many of the
patients also had other autoimmune disease, mainly inflammatory
arthritis (75% of patients) and kidney disease (25% of patients),
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including glomerulonephritis. Six mutations in the WD-40 domain
of COPa, absent from population databases, have been reported
to cause COPA syndrome. The presence of a mutation is pre-
dicted to lead to impaired retrograde transport between the Golgi
and endoplasmic reticulum of cells, a process vital for further
posttranslational processing (10). Although the exact pathophys-
iologic mechanisms behind this mutation are not yet clear, the
impairment in cell trafficking increases endoplasmic reticulum
stress, which leads to the production of inflammatory Th17 cells
and may increase interferon signaling (11), suggesting an addi-
tional autoinflammatory component to this rare disorder.

Patients with COPA syndrome tend to have symptoms that
manifest clinically with childhood-onset pulmonary disease, but
COPA syndrome can also present in adults. Findings on imaging
can be concemning for nonspecific interstitial pneumonia and/or
DAH, and follicular bronchiolitis has also been observed in lung
biopsy samples (12). There is usually a strong family history of
autoimmune disease, such as treatment refractory RA, but
asymptomatic carriers of COPA mutations have also been
described. COPA syndrome also displays variable expressivity in
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Figure 2. Serial laboratory values of the patient. A and B, Titers of
serum myeloperoxidase (MPO) antibodies and erythrocyte sedimen-
tation rate (ESR) showing rapid response to initiation of therapy.
C and D, Urine protein/creatinine ratio and antineutrophil cytoplasmic
antibody (ANCA,) titers demonstrating steady improvement and stabi-
lization over time, from clinical presentation to recent follow-up.

regard to extrapulmonary manifestations, even within the same
family. Those affected tend to have a chronic relapsing—remitting
disease course despite receiving extensive immunosuppressant
therapies (9,12).

[t should be noted that various viral, bacterial, and parasitic
infections can also cause pulmonary hemorrhage and/or glomerulo-
pathy. Therefore, infection was carefully excluded. Anti-GBM dis-
ease was thought to be a less likely diagnosis based on the age
and the sex of the patient. Similarly, SLE presenting with ILD and
pumonary hemorrhage, but in the absence of musculoskeletal
and cutaneous features and with normal complement levels, was
considered to be a less likely diagnosis than ANCA-associated vas-
culitis. The decision was made to proceed with a renal biopsy to
help distinguish between these entities and determine a diagnosis.

CLINICAL COURSE

A percutaneous biopsy of the kidney showed crescentic glo-
merulonephritis (up to 40% predominantly cellular crescents) on a
background of global and segmental glomerulosclerosis (15% of
glomerul) and mid interstitial fibrosis and tubular atrophy
(Figure 1). Immunofluorescence staining revealed low-to-moderate
intensity for mesangial IgM, IgG, and C3. Staining for C1g and IgA
was negative. Immune complex deposition was confirmed by elec-
tron microscopy (Figure 1). Immunofluorescence testing was nega-
tive for linear IgG, and results were negative for serum anti—-GBM
antibodies. Furthermore, no tubuloreticular inclusions were appre-
ciated on ultrastructural examination to suggest lupus nephritis.

After receiving three intravenous pulses of methylpredniso-
lone at doses of 1,000 mg each, the patient was started on a slow
glucocorticoid taper. Additionally, after being given a working
diagnosis of ANCA-associated vasculitis MPA subtype, she
received 375 mg/m? of rituximalb in addition to six cycles of thera-
peutic plasma exchange, which were well-tolerated except for
one episode of facial hives. Significant improvement in laboratory
parameters was observed immediately after onset of therapy.
Particularly, ESR and MPO titers were promptly lower (Figure 2).
Creatinine levels were elevated at the patient’s hospital admission
(0.94 mg/dl), but quickly declined and stabilized over the course
of her hospitalization (baseline 0.61-0.72 mg/dl). She received a
periprocedural transfusion of packed RBCs early in the course of
hospitalization. The symptoms and clinical findings of anemia
subsequently improved and stabilized during the patient’s hospi-
tal admission but did not normalize until four weeks after dis-
charge. As the patient responded to induction well, she was
discharged home with the following prescribed care instructions:
a renal diet, a course of rituximab at vasculitis dosing (4 total
doses of 375 mg/m?) in addition to oral glucocorticoids, lisinopril
(to control proteinuria and mild hypertension), and prophylactic
trimethoprim/sulfamethoxazole.

Due to the presence of rheumatic disease spanning
three generations of a single family, including individuals with
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Figure 3. Inheritance of the COPA gene variant in available family members of the patient. The patient (large arrow) was found to have a patho-
genic mutation (small arrows) in the COPA gene (c.G689A, p.R233H), which was inherited from her asymptomatic father. The patient’s brother,
who had been diagnosed with polyarticular juvenile idiopathic arthritis (JIA), was subsequently tested and found to carry the mutation as well. Addi-
tional clinical evaluation of the brother revealed the presence of interstitial lung disease (ILD), but no sign of kidney involvement. Additional paternal rel-
atives were unavailable or declined genetic testing. There were no pertinent disease findings reported in the patient’'s maternal relatives.

GN = glomerulonephritis.

early-onset, treatment-refractory, and fatal disease, there was
suspicion for a genetic disorder, particularly COPA syndrome.
Trio whole-exome sequencing was obtained during the patient’s
admission. Results returned 8 weeks after discharge with a
known pathogenic mutation in the COPA gene (p.R233H), inher-
ited from the patient’s asymptomatic father (Figure 3).

DISCUSSION

This patient with COPA syndrome and DAH with crescentic
glomerulonephritis had a presentation indistinguishable from
ANCA-associated vasculitis. Arriving at a final diagnosis of
ANCA-associated vasculitis in a patient with multi-organ involve-
ment can be challenging. The ANCA-associated vasculitis with
MPO can present with findings identical to this patient, and this
was the patient’s working diagnosis. However, this clinical pre-
sentation is not exclusive to MPA, and it is well known that
MPO-ANCA is a nonspecific finding that can be present in other
inflammatory conditions (7). In this case, the patient’s family his-
tory led to the correct diagnosis.

Treatment decisions for this patient who had COPA syn-
drome with clinical, laboratory, imaging, and pathologic features

consistent with MPO-positive vasculitis were made prior to her
genetic diagnosis based on a diagnosis of ANCA-associated vas-
culitis (1). Other COPA patients have been treated with a wide
spectrum of aggressive immunosuppressive therapies, and some
have needed organ transplantation for refractory disease (9,12).
Our patient responded rapidly to treatment with glucocorticoids,
rituximab, and therapeutic plasma exchange, with complete reso-
lution of her clinical symptoms, anemia, systemic inflammation,
and acute kidney injury within 3 to 6 weeks.
Hydroxychloroquine is a frequently used immune modula-
tor that increases the pH of intracellular vacuoles and is sus-
pected to impact protein modification within the Golgi
apparatus in addition to other effects (13). Given that it is both
generally well-tolerated and could be predicted to directly
impact the pathway involved in the pathogenesis of COPA syn-
drome, hydroxychloroquine was added to the patient’s regimen
following her genetic diagnosis. After six months, the patient
was empirically re-dosed with rituximab, as her B cells had
repopulated by then, and completed a year-long taper of oral
glucocorticoids. She is currently well 1.5 years after diagnosis
and is receiving hydroxychloroquine monotherapy. She has evi-
dence of pulmonary and renal scaring based on imaging of the
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chest and persistent proteinuria (Figure 2), but her laboratory
parameters are normal, including negative results for ANCASs in
the serum (Figure 2). She is closely monitored for any changes
in clinical or laboratory parameters.

In animal studies, ANCAs have been confirmed to be path-
ogenic upon adoptive transfer (1). ANCA antibodies lead to neu-
trophil activation and subsequent complement pathway
induction. Despite ongoing investigations, the inciting or predis-
posing factors to developing pathogenic ANCA autoantibodies
remain elusive. In COPA syndrome, the initial insult is a genetic
mutation, ultimately leading to immune dysregulation and the
subsequent production of autoantibodies—not just ANCA, but
typically also ANA and RF. COPA syndrome has only recently
been described. As additional cases are reported, the full phe-
notypic spectrum and natural history of this disease will become
cClearer.

Renal biopsy findings in this patient demonstrated moderate
intensity immunofluorescence (IgM, IgG, and C3) and immune
complex deposition by electron microscopy. Given that immune
complexes are present in many cases of “pauci-immune”
ANCA-associated glomerulonephritis (3), these findings were felt
to be atypical but compatible with that initial diagnosis. Renal
biopsy histopathology in COPA syndrome is variable. Reports
have described immune complex—mediated disease with histo-
logic impressions of IgA nephropathy and lupus nephritis
(12,14), and necrotizing lesions and/or cellular crescents are
common (9). Therefore, COPA syndrome should be considered
in patients presenting with a pulmonary-renal syndrome.

As exempilified in this case, there can be remarkable similari-
ties between ANCA-associated vasculitis and COPA syndrome.
However, upon close inspection, there may be features present
in a case of COPA syndrome that do not fit with “classic”
ANCA-associated vasculitis, such as in this patient who had mul-
tiple additional positive results on serologic testing (ANA, RF, and
CCP), an inconclusive immunofluorescence staining pattern
despite high titer MPO antibodies, and immune complex deposi-
tion in the kidney. There are prognostic and family planning impli-
cations in this genetic disease, for which genetic counseling is
suggested. Therefore, clinicians should consider a diagnosis of
COPA syndrome in the right context. We recommend consider-
ation of COPA syndrome when confronted with a case of
childhood-onset ILD, particularly those with concurrent glomeru-
lonephritis presenting as a pulmonary-renal syndrome, when a
strong familial history of ILD, inflammatory arthritis, and/or glomer-
ulonephritis has been elicited, or when the patient has a
treatment-refractory course of disease.

FINAL DIAGNOSIS

COPA syndrome.
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CASE PRESENTATION

Chief symptoms

A 54-year-old female patient was admitted in April 2020 for
diarrhea, skin rash, and shock.

History of present iliness

The patient presented to the emergency room with a mild
headache, nausea, vomiting, and diarrhea that began several
days earlier. She also complained of diffuse arthralgia affecting
the knees, elbows, and shoulders and reported a skin rash on
her face, phalanges of both hands, and calves that worsened on
the day of admission. Five days earlier, she had experienced a
high fever (40°C). She denied exposure to cold environments, ani-
mals, or recent travel. She lived in an urban region and did not
notice any insect bites. She did recall cleaning fish with possible
skin puncture by fish bones several days prior to admission. She
denied sore throat, cough, loss of taste or smell, and exposure
to individuals who were confirmed to have COVID-19.

Medical, social, and family history

The patient denied comorbidities and chronic medication
use. She was not aware of any connective tissue diseases or vas-
cular problems such as Raynaud’s phenomenon. She lived with
her family, none of whom had symptoms similar to hers. The
patient was married and the mother of 12 children. She denied
any extramarital relationship. She denied tobacco or illicit
substance use.

Physical examination

On physical examination, the patient was alert and oriented
without nuchal rigidity. Her blood pressure was 83/51 mm Hg,
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pulse rate 88 beats per minute, temperature 36.7°C, and O, sat-
uration 100% on ambient air. An erythematous skin rash was evi-
dent on the fingers and thumbs of both hands, and to a lesser
extent, on the paims. The rash blanched with pressure (Figure 1).
A discrete maculopapular rash was noted on the lateral sides of
her calves and did not extend to her feet. Faint erythema of the
face was also present. There were no signs of arthritis. The patient
looked pale and mildly tachypneic. Her lungs were clear on aus-
cultation, and heart sounds were regular with no murmurs. Her
abdomen was soft with no organomegaly. No leg edema or acro-
cyanosis was observed. Gynecologic examination was unre-
markable, and neurologic examination was normal.

Laboratory and radiographic evaluation

Laboratory findings are shown in Table 1. Levels of hemoglo-
bin were normal. Mild leukocytosis, thrombocytopenia, and mildly
elevated results on liver function tests with high levels of creatine
phosphokinase were noted. The patient’s C-reactive protein
(CRP) level was 37.7 mg/dl (reference range 0-0.5 mg/dl). On
the second day of admission, elevated levels of brain natriuretic
peptide (BNP) (1,434 pg/ml [normal level <100 pg/ml]) and serum
troponin (2,809 ng/ml [reference range 0-20 ng/ml]) were
detected.

Radiographs of the chest showed mildly increased interstitial
lung markings and a right-sided infiltrate (Figure 2). Findings on
echocardiogram (EKG) were unremarkable. EKG showed mild-
to-moderate left ventricular (LV) dysfunction (ejection fraction of
45%) with mild pericardial and pleural effusions.

Results on the following tests were negative: throat swab
specimen by polymerase chain reaction (PCR) for influenza, respi-
ratory syncytial virus, adenovirus, and enteroviruses; blood PCR
for parvovirus, stool culture specimens for Shigella, Salmonella,
Campylobacter, Clostridioides difficile, and rotavirus; five consec-
utive blood cultures, serology for Legionella species, Mycoplasma
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Figure 1. An erythematous skin rash on the fingers and thumb of both hands (A), and to a lesser extent, of the palms of the hands (B).

pneumonia, Q fever, Rickettsia conorii, Brucella melitensis; rapid
plasma reagin (RPR); cytomegalovirus; Epstein—-Barr virus; hepa-
titis B virus; hepatitis C virus; and HIV. Results on testing per-
formed for the detection of rheumatoid factor, antinuclear
antibody (ANA), antineutrophil cytoplasmic antibody, cryoglobu-
lins, and anticardiolipin antibody (including B>GPI) were also neg-
ative. Serum levels for complement 3 (C3) and C4 were normal.
However, the patient’s levels of serum ferritin (2,016 ng/ml

[normal range 11-205 ng/ml]), fibrinogen (684 mg/dl [normal
range 100-500 mg/dl], D-dimer (10,652 ng/ml [normal range
0-500 ng/ml]), and dilute Russell’s viper venom time were also
elevated.

Three nasopharyngeal swab specimens using different real-
time PCR (RT-PCR) testing techniques taken on admissions days
1, 2, and 4 were all negative for SARS-CoV-2 (SeeGene, GeneX-
pert, and CDC kits).

Table 1. Laboratory values during the patient’s hospitalization

Second
Laboratory test Reference range Admission First week week/discharge
WBCs, x 10%/ul 3.6-10 10.7 173 7.1
Neutrophils, % 50-75 96 92.7 72
Hemoglobin, gm/dl 12-16 14.3 10.3 10.6
Hematocrit, % 36-46 39.8 29.7 32.7
Platelet count, x10%/pl 150-450 128 181 522
Sodium, mEg/liter 135-145 127 134 138
Potassium, mEg/liter 3.6-5 4.0 4.2 3.5
Calcium, mg % 8.4-10.5 7.5 7.3 8.0
BUN, mg/dl 9-20 19 13 7
Creatinine, mg/d| 0.52-1.04 1.03 0.53 0.50
Glucose, mg/dl 65-105 135 227 98
Alkaline phosphatase, IU/liter 38-150 72 107 80
GGT, IU/liter 12-43 49 44 37
AST, IU/liter 5-34 69 43 25
ALT, IU/liter 9-52 36 21 21
LDH, IU/liter 125-220 362 339 237
CRP, mg/dl 0-0.5 37.75 32.26 7.98
Albumin, gm/dl| 3.2-5.2 = = 2.6
CK, 1U/liter 40-150 256 167 -
Troponin, ng/liter 0-20 216 2,809 14
BNP, pg/ml <100 724.4 1,434 137.7
Cholesterol, mg/dl 100-190 92 - -
Triglycerides, mg/dl 35-160 226 - -
Ferritin, ng/ml 11-205 2,016 - -
Fibrinogen, mg/dl 200-500 552 494 345
D-dimer, ng/ml 0-500 12,144 2,406 1,967

* ALT = alanine aminotransferase; AST = aspartate aminotransferase; BNP = brain natriuretic peptide;
BUN = blood urea nitrogen; CK = creatine kinase; CRP = C-reactive protein; GGT = gamma glutamyl transfer-
ase; LDH = lactate dehydrogenase; WBCs = white blood cells.
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Figure 2. Radiographs of the chest showing mildly increased interstitial markings and a right-sided infiltrate.

CASE SUMMARY

A 54-year-old previously healthy female patient presented
with headache, nausea and vomiting, diarrhea, diffuse arthralgia,
and an erythematous skin rash over her face, the distal part of
her hands, and both calves, with a high fever of five days’ duration.
Physical examination was notable for hypotension. Laboratory
evaluation revealed increased levels of CRP, BNP, troponin, ferri-
tin, and D-dimer. Radiographs of the chest revealed pneumonitis
and an EKG showed reduced left ventricular function. Blood and
stool cultures showed no growth. PCR testing of nasopharyngeal
and throat swabs was negative for enteroviruses, respiratory
viruses, and SARS-CoV-2. Serologic testing for atypical respira-
tory pathogens, rickettsiae, syphilis, hepatitis viruses, Epstein—
Barr virus, and cytomegalovirus were all negative.

DIFFERENTIAL DIAGNOSIS

Fever, rash, and hypotension raised the initial differential
diagnosis between severe infection and autoimmune disease.
Infectious causes considered in the differential included viral or
bacterial infections characterized by the combination of gastroen-
teritis and myocarditis such as toxic shock syndrome (TSS), rick-
ettsial disease, Vibrio vulnificus, and COVID-19. Inflammatory or
autoimmune disorders were also considered including systemic
lupus erythematosus (SLE), sarcoidosis, cryoglobulinemia, and
Kawasaki-like disease.

Viral or bacterial infection. Presentation with fever,
diarrhea, vomiting, and shock may suggest severe gastroenteri-
tis with fluid loss caused by bacterial pathogens such as Shigella
species, Salmonella species, Campylobacter species, or Clostri-
dioides difficile. Diarrhea is also commonly caused by viral
agents such as enteroviruses (coxsackievirus and echovirus,
among others) and rotavirus (1,2). Elevated levels of troponin
and BNP along with the EKG findings of decreased LV function
and mild pericardial fluid were consistent with a diagnosis of
myocarditis. Therefore, enteroviruses, parvovirus, and influenza
were also considered. The extremely elevated level of CRP sup-
ported a diagnosis of infection. However, the patient denied
exposure to ill persons and the local influenza season was
already over. Furthermore, the rash on both hands is not a com-
mon feature of these infections and repeated negative blood,
throat, and stool cultures and PCR did not support the presence
of infection.

The history of possible skin puncture by a fish bone raised
the suspicion of Vibrio vulnificus infection (3). Ingestion of this viru-
lent bacterium can cause acute gastroenteritis and sepsis. It can
also cause necrotizing wounds if inoculated through open skin
or puncture wounds from the spines of fish. However, negative
blood cultures along with the absence of comorbidities known to
be risk factors for severe disease (mainly chronic liver disease
and immunocompromised states), pneumonitis, and the pres-
ence of an atypical rash did not point to this diagnosis of V vulnifi-
cus infection.
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COVID-19 is an infectious disease caused by the SARS-
CoV-2 virus. The main clinical features of acute infection with
SARS-CoV-2 are fever, sore throat, cough, shortness of breath,
hypoxia, diarrhea, and loss of taste and smell. Severe COVID-19
can deteriorate to multiple organ failure (respiratory, cardiac, and
kidney failure).

Our patient had fever, headache, malaise, arthralgia, pneu-
monia, hypotension, myocardial involvement, and a skin rash
affecting mainly her hands. In the middle of the pandemic, the
possibility of COVID-19 infection was raised early in the course
of illness; however, three consecutive PCR tests of nasopharyn-
geal specimens for SARS-CoV-2 were negative.

Toxic shock syndrome. TSS is caused by bacterial toxins
and typically manifests in otherwise healthy individuals (4). Symp-
toms may include fever, malaise, confusion, skin rash, hypoten-
sion, multiple organ failure, and death. There may also be
symptoms related to the specific underlying infection, particularly
necrotizing fasciitis or pneumonia. TSS is typically caused by
Staphylococcus aureus or group A Streptococcus. Its character-
istic rash resembles a sunburn and can involve any region of the
body, especially the palms of the hands and soles of the feet. In
patients who survive TSS, the rash desquamates after 10 to
21 days. Our patient fulfilled almost all criteria for a diagnosis of
TSS (5). She had high fever, hypotension, and a skin rash as well
as diarrhea, arthralgia, and mild transaminitis but no renal, hema-
tologic, neurologic, or muscular involvement. There was, how-
ever, multiple cultures showed no evidence of staphylococcal or
streptococcal infection, including cultures taken prior to therapy
with antibiotic. Physical examination did not reveal wounds, insect
bites, cellulitis, or a soft tissue abscess, and the patient reported
no use of a tampon. Finally, the acral rash was not typical for TSS.

Rickettsial infection. Tick-borne rickettsial infections are
caused by intracellular bacteria and belong to the spotted fever
group of the genus Rickettsia (6). The Rickettsia conorii subspe-
cies conorii, responsible for causing Mediterranean spotted fever,
is endemic in southern Europe. The Rickettsia conorii subspecies
israelensis is transmitted by ticks infected with Rhipicephalus san-
guineus. Dogs have been suggested to be a competent reservoir
of this pathogen. The clinical manifestations of rickettsial infec-
tions are similar to those of Mediterranean spotted fever, which
includes fever, flu-like symptoms, and a rash spreading to the
palms of the hands and soles of the feet that is either maculopap-
ular or petechial in nature. Compared to Mediterranean spotted
fever, however, the eschar at the inoculation site is usually lacking,
and more significant gastrointestinal manifestations are typically
observed. In recent years, atypical and serious life-threatening
presentations have been reported. Our patient presented with a
febrile illness accompanied by rash, gastrointestinal symptoms,
and headache. However, there was no exposure to dogs or other
animals, and the palmar erythema was not consistent with a

typical rickettsial rash. Finally, serologic testing for rickettsia was
ultimately negative.

Systemic lupus erythematosus. SLE can affect the
joints (arthritis), brain, lungs (basal fibrosis), kidneys (glomerulone-
phritis), blood vessels (vasculopathy with thrombosis), and skin
(malar rash, chilblain-like erythema) (7). Chilblain lupus erythema-
tosus presents with a rash that mainly affects the acral surfaces,
such as the fingers, toes, ears, and nose. The rash is character-
ized by tender plaques that have a purple discoloration. The
patient’s presentation included a marked purple rash of both her
hands and arthralgia involving her hands and knees. However,
her age at presentation was relatively older compared to the indi-
viduals who typically present with this condition, and the rash was
not that of chilblains. She also had nausea, vomiting, and diar-
rhea, which are not common presenting features of lupus. Finally,
results of an ANA test were also negative. Considering the rela-
tively older age of the patient at disease onset, her presentation
with gastrointestinal symptoms, and the negative ANA test, a
diagnosis of SLE seemed very unlikely.

Sarcoidosis. Sarcoidosis is a chronic granulomatous
inflammatory disease (8). It may involve the lungs (hilar lymphade-
nopathy and fibrosis), heart (dilated and restrictive cardiomyopa-
thy), eyes (uveitis), and the skin (lupus pernio and erythema
nodosum). Lupus pernio is a chronic raised indurated lesion of
the skin and is often violaceous. It appears on the nose, ears,
cheeks, lips, forehead, and the digits. It is pathognomonic of sar-
coidosis. Our patient’s illness shared some clinical features with
sarcoidosis. She had a pernio-like purple rash, arthralgia, heart,
and lung involvement. However, the lung involvement was limited
to the middle lobe with no typical hilar ymphadenopathy. The car-
diac involvement was perimyocarditis, rather than restrictive or
dilated cardiomyopathy.

Cryoglobulinemia. Cryoglobulins can precipitate as
clumps leading to vascular thrombosis and peripheral ischemia,
including gangrene of the fingers and toes (9). The disease is
associated with various malignant, infectious, or autoimmune dis-
eases that are the underlying cause for the production of the cryo-
globulins. Since pernio or chilblains are caused by vascular
damage following exposure to cold, it is reasonable to look for
cryoglobulins in patients with pernios. However, in a retrospective
study, only 2 of 79 patients with pernio had cryoglobulins (10).
When these patients were further evaluated, it was found that
both were positive for ANAs, and one patient had Raynaud’s phe-
nomenon, suggesting an underlying autoimmune disease. Our
patient had an acral skin rash. However, testing for cryoglobulins
was negative, and computed tomography (CT) of the total body
showed no evidence of a malignant disorder, and serologic test-
ing for hepatitis C virus (often associated with cryoglobulinemia)
was negative.
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Kawasaki disease. Kawasaki disease, or mucocutaneous
lymph node syndrome, is an illness mainly affecting children under
the age of five years, and its etiology remains poorly understood
(11). The disorder affects the mucus membranes, lymph nodes,
and blood vessels, which causes vasculitis. Patients are usually
febrile for at least five days. Later, they develop conjunctivitis,
cracked lips with diffuse erythema of the oral mucosa (strawberry
tongue), redness, swelling and induration of the hands and/or
feet, and cervical lymphadenopathy. Uveitis may be present as
well (12). Involvement of the coronary arteries can lead to
aneurysms.

Our patient presented with high fever, arthralgia, and acral
erythema—all of which may suggest a possible diagnosis of
Kawasaki disease. However, the disease typically affects children,
and there was no lymphadenopathy or erythema of the lips or oral
cavity observed in the patient. The lung involvement and the
unique rash as well as diarrhea are not typical features of Kawa-
saki disease. Finally, echocardiography did not reveal any coro-
nary abnormalities (dilatations or aneurysms), which are typical
of Kawasaki disease.

Kawasaki-like illness or multisystem inflammatory syndrome
in children (MIS-C) with SARS-CoV-2 has been reported since
the emergence of COVID-19 (13,14). This syndrome has also
been termed pediatric inflammatory multisystem syndrome tem-
porally associated with SARS-CoV-2 (PIMS-TS) and may fulfill
the full or partial criteria for Kawasaki disease. The syndrome
manifests with fever, marked inflammation (high levels of CRP
and ferritin), and may affect multiple organs including the heart
(LV dysfunction, myocarditis, coronary artery aneurysms, and
conduction abnormalities), lungs (pneumonia), kidneys (acute
renal failure), the gastrointestinal tract (diarrhea), and the skin
(rash). Neurologic symptoms (headaches, encephalopathy, neu-
rologic deficits) may also develop. Testing results may be positive
for current or recent SARS-CoV-2 infection (by RT-PCR serologic
testing), and medical history is usually consistent with COVID-19
exposure within a month prior to the onset of symptoms
(Table 2) (15). In contrast to Kawasaki disease, which affects
mostly infants and young children, patients with MIS-C may be
older (5-14 years) and have more intense inflammation and
greater myocardial injury than patients with Kawasaki disease.
MIS-C is more common among African American or Hispanic chil-
dren (in contrast to Kawasaki, which is more common among
infants of Asian descent) (14,16). Although our patient was older
(in terms of MIS-C), the constellation of symptoms during the
COVID-19 pandemic may have implied MIS in an adult (MIS-A).
Evidence of recent infection with SARS-CoV-2 may have sup-
ported this diagnosis.

CLINICAL COURSE

Our patient was hospitalized in a negative pressure isolation
room in the intensive care unit with strict airborne precautions.

Table 2. MIS-C case definition as suggested by the CDC*

1. An individual ages <21 years presenting with fevert, laboratory
evidence of inflammationt, and evidence of clinically severe
illness requiring hospitalization, with multisystem (=2) organ
involvement (cardiac, renal, respiratory, hematologic,
gastrointestinal, dermatologic, or neurologic); AND

2. No alternative plausible diagnoses; AND

3. Positive for current or recent SARS-CoV-2 infection by RT-PCR,
serologic or antigen testing, or exposure to an individual who had
suspected or confirmed COVID-19 within 4 weeks prior to the
onset of symptoms.

* CDC = Centers for Disease Control and Prevention; CRP =
C-reactive protein; ESR = erythrocyte sedimentation rate;
LDH = lactic acid dehydrogenase; IL-6 = interleukin-6; MIS-C =
multisystem inflammatory syndrome in children; RT-PCR = real-
time polymerase chain reaction. The case definition for MIS-C was
obtained from a CDC Health Alert Network publication (Ref. 15). Of
note, some individuals may fulfill full or partial criteria for Kawasaki
disease, but should be reported if they meet the case definition for
MIS-C; additionally, MIS-C should be a diagnosis considered in any
pediatric death with evidence of SARS-CoV-2 infection.

t Fever of >38.0°C for 24 hours or longer or reported subjective
fever lasting 24 hours or longer.

¥ Including, but not limited to, one or more of the following: ele-
vated levels of CRP, ESR, fibrinogen, procalcitonin, D-dimer, ferritin,
LDH, or IL-6; elevated number of neutrophils; reduced number of
lymphocytes; and low level of albumin.

Fluid resuscitation and inotropic support (noradrenaline) were
started along with broad-spectrum antibiotics (ceftriaxone, doxy-
cycline, and clindamycin). Ceftriaxone was later changed to cefta-
zidime to cover possible infection with Vibrio vulnificus. On the
second day of her hospitalization, the patient became more
tachypneic and hypoxemic and required 2 liters per minute of
oxygen support by nasal cannula. Serial radiographs of the chest
showed pulmonary congestion and bilateral pleural effusions. A
pulmonary CT scan disclosed dense alveolar involvement of the
middle lobe, suggesting the presence of pneumonia or atelectasis
(Figure 3). Bilateral moderate pleural effusions were also evident.
There was no hilar lymphadenopathy. No pulmonary emboli were
detected. Periportal and subcutaneous edema was noted in the
abdomen.

EKG findings of mild-to-moderate LV dysfunction and mild
pericardial effusion supported the diagnosis of perimyocarditis
with cardiac failure and probable capillary leak syndrome as the
cause of the low serum albumin level, abdominal subcutaneous
edema, and pleuropericardial effusion. The patient’s respiratory
status worsened, and she needed high flow nasal cannula oxygen
at a flow of 50 liters per minute with a fraction of inspired oxygen
level of 0.45. She received noradrenaline to maintain blood pres-
sure, 300 mg daily of hydrocortisone, and low-dose furosemide.

By day 10, the patient’s condition had improved remarkably.
Her blood pressure had normalized, she was weaned off supple-
mental oxygen, electrolyte levels had normalized, and BNP,
D-dimer, and fibrinogen had gradually decreased to normal levels.
Follow-up radiographs of the chest showed improvement. The
skin of her hands desquamated (Figure 4), and the rash on the
patient’s calves and face disappeared.
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Figure 3. A pulmonary computed tomography scan of the chest disclosing dense alveolar involverment of the middle lobe, suggesting the pres-

ence of pneumonia or atelectasis as well as bilateral pleural effusions.

The patient was assessed by a dermatologist who raised the
possibility of COVID-19 infection and a syndrome similar to that
described as “COVID toes.” In the absence of an alternative diagno-
sis, serum samples for IgG/IgM (Xiamen Wiz Biotech) were sent to a
laboratory for COVID-19 testing on day 10 of the patient’s hospital
admission and were weakly positive. Two days later, repeat sero-
logic testing was performed using the Food and Drug
Administration—approved Abbott architect immunoassay (Abbott
Diagnostics). Testing results were strongly positive for SARS-
CoV-2 IgG antibodies suggesting recent COVID-19 infection. The
patient was discharged from the hospital 17 days after admission.
A week later, she was readmitted for blurred vision. Ophthalmologic
examination revealed mild bilateral anterior uveitis. She received
topical steroids and experienced full recovery of the uveitis.

Figure 4. Skin desquamation of the hands during resolution of ill-
ness.

DISCUSSION

Our patient presented with hypotension and acral skin ery-
thema of the hands—two uncommon features at the onset of
symptomatic COVID-19 infection. These clinical manifestations
together with an absent history of SARS-CoV-2 exposure and
repeated negative results on PCR tests for the virus made the
diagnosis of acute COVID-19 infection less plausible and
enhanced the search for other diagnoses.

Shock in a patient with rash, high fever, headache, and mal-
aise suggested the diagnosis of septic shock. However, the lack
of positive cultures (blood, urine, and stool) did not support this
diagnosis. The occurrence of concomitant perimyocarditis could
have supported the diagnosis of an underlying viral infection. Yet
PCR testing for common viral agents associated with perimyocar-
ditis was negative. Fever, malaise, arthralgia, rash, and perimyo-
carditis may also suggest vasculitis. Therefore, a diagnosis of
SLE was also considered, but the predominant symptom of
shock and the negative serologic test results for ANAs precluded
a diagnosis of SLE.

While immediate therapy with volume resuscitation, inotropic
support, and antibiotics was indicated, a dilemmma arose in regard
to adjunctive systemic glucocorticoids for a possible autoim-
mune/autoinflammatory process such as vasculitis, particularly
as infection had not been ruled out. Systemic glucocorticoids
have a major role in the treatment of autoimmune diseases for
immediate suppression of inflammation and recovery. Addition-
ally, the patient had a very low level of serum albumin with signs
of anasarca suggesting “capillary leak syndrome,” which may
also be an indication for treatment with glucocorticoids. Further,
at the time of this patient’s admission, the role of steroids in treat-
ing COVID-19 was controversial (17,18). Since no objective
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support for infection was evident, hydrocortisone was adminis-
tered intravenously at a dose of 300 mg/day, possibly contribut-
ing to the patient’s recovery.

We suggest that the patient did not have an acute COVID-19
infection when she was admitted, as repeat PCR testing was neg-
ative. SARS-CoV-2 anti-lgG antibodies were identified, so it is
possible that the rash, perimyocarditis, and shock on presenta-
tion were actually "postinfectious autoimmune features" of
SARS-CoV-2 infection. This parallels recent reports of
Kawasaki-like illness or MIS-C/MIS-A among children and adults
with COVID-19 (14,19-21). The Centers for Disease Control and
Prevention has suggested criteria for PIMS-TS or MIS-C
(Table 2) (15). The condition of the patient described here fulfilled
all criteria except age and demonstrated the possibility of MIS in
adults. The late onset of bilateral anterior uveitis further supports
the notion of a late autoimmune phenomenon, although no
reports of COVID-19-related uveitis in humans have been
published.

To date, 27 cases of MIS in adults ages 16-50 years
have been reported (21-31). These individuals presented with
Kawasaki-like multisystem inflammatory syndrome in the setting
of recent SARS-CoV-2 infection based on exposure history and
serologic testing. Their symptoms included fever, rash,
conjunctivitis, erythema or cracking of the lips, cervical lymph-
adenopathy, rash, and diarrhea. Cardiovascular involvement
(LV dysfunction, myocarditis, shock) was reported in the majority
of patients (21-24). Seventeen patients were treated with gluco-
corticoids. Intravenous immunoglobulin (IVIG) and/or tocilizu-
mab were administered in nine patients, with VIG and
tocilizumab considered as potential treatments for MIS-A and
MIS-C (32). In the patient discussed here, IVIG and/or tocilizu-
mab were not administered because by the time MIS-A was
considered as a diagnosis, the patient’s condition had
improved, and the absence of coronary artery aneurysms per
EKG precluded the need for IVIG.

Eight (830%) of the 27 patients reported with MIS-A had neg-
ative results on PCR testing and positive results on SARS-CoV-2
antibody testing. Notably, in a report by Godfred-Cato et al (33),
45% of 440 children with MIS-C had a negative result on SARS—
CoV-2 PCR testing. Almost all patients had positive findings for
SARS-CoV-2 antibodies, implying that MIS-A and MIS-C repre-
sent postinfectious processes.

The possibility of false-negative PCR results in a symptom-
atic patient who also has positive results for SARS-Cov-2 IgG
antibodies (usually evident after day 7 of infection) is very unlikely.
The first serologic assay that was performed was borderline pos-
itive. This was the colloidal gold immunochromatography assay
(Xiamen Wiz Biotech), which tests IgM/IgG antibodies (without dif-
ferentiation) and has a sensitivity and specificity of 71.1% and
96.2%, respectively. Two days later, repeat serologic testing
was performed using the Food and Drug Administration—
approved Abbott architect assay (Abbott Diagnostics), which

tested strongly positive. The assay tests only IgG antibodies and
has a sensitivity and specificity greater than 99% when performed
14 days or more after symptoms start (34). The positive IgG
results on serologic testing along with PCR tests that were
repeatedly negative suggest that our patient had had a recent
COVID-19 infection from which she had recovered. We suggest
that the phenomena described are late immune-mediated mani-
festations of COVID-19 infection.

The pathogenesis of MIS is not clear. Emerging phenotypes
include a combination of Kawasaki disease, TSS, and macro-
phage activation syndrome or hemophagocytic lymphohistiocy-
tosis syndrome—all reflect dysregulated immune responses
(85). Skin biopsy findings in one patient had features typical for
Kawasaki disease (nonspecific sparse inflammatory infiltrate) and
features suggestive of TSS (few intragpidermal neutrophils with
necrotic keratinocytes), providing histologic support for a distinct
inflamsnmatory syndrome (22). Cardiac endothelitis and small ves-
sel vasculitis, as well as thrombotic microvascular injury in the
lungs, skin, and other organs, and complement deposition in ves-
sels that suggest intense complement activation have been
described previously (27). Unfortunately, a skin biopsy was not
performed in our patient. However, the desquamation of the skin
at the sites of the rash during resolution of illness suggests a
Kawasaki-like or TSS-like disorder (as noted above) and supports
a diagnosis of MIS. We suggest the notion that the patient was
admitted during the postinfectious phase of the disease, with her
clinical manifestations related to an immune response to COVID-
19 infection.

FINAL DIAGNOSIS

Multisystem inflammatory syndrome in adults, a Kawasaki-
like disease temporally related to COVID-19 infection.
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Quality of Care for Patients With Systemic Lupus
Erythematosus: Data From the American College
of Rheumatology RISE Registry

Gabriela Schmajuk,’ @ Jing Li,> 2 Michael Evans,” Christine Anastasiou,? Julia L. Kay,” and Jinoos Yazdany?
Objective. Although multiple national quality measures focus on the management and safety of rheumatoid arthri-
tis, few measures address the care of patients with systemic lupus erythematosus (SLE). Our objective was to apply a
group of quality measures relevant to the care of patients with SLE, and we used the American College of Rheumatol-
ogy’s Rheumatology Informatics System for Effectiveness (RISE) registry to assess nationwide variations in care.
Methods. The data derived from RISE and included patients who had >2 visits with SLE codes >30 days apart in
2017-2018. We calculated performance on 5 quality measures: renal disease screening, blood pressure assessment
and management, hydroxychloroquine (HCQ) prescribing, safe dosing for HCQ, and prolonged glucocorticoid use at
doses of >7.5 mg/day. We reported performance on these measures at the practice level. We used logistic regression
to assess independent predictors of performance after adjusting for sociodemographic and utilization factors.
Results. We included 27,567 unique patients from 186 practices; 91.7% were female and 48% White, with a mean
age of 53.5 + 15.2 years. Few patients had adequate screening for the development of renal manifestations (39.5%).
Although blood pressure assessment was common (94.4%), a meaningful fraction of patients had untreated hyperten-
sion (17.7%). Many received HCQ (71.5%), but only 62% at doses of <5.0 mg/kg/day. Some received at least
moderate-dose steroids for >90 days (18.5%). We observed significant practice variation on every measure.
Conclusion. We found potential gaps in care for patients with SLE across the US. Although some performance var-
iation may be explained by differences in disease severity, dramatic differences suggest that developing quality mea-

sures to address important health care processes in SLE may improve care.

INTRODUCTION

The movement to measure quality of care in rheumatology
has accelerated in the past decade, with new quality measures
being developed, especially for patients with conditions such as
rheumatoid arthritis and gout (1). The primary purpose of measur-
ing and reporting quality in these conditions is to facilitate
evidence-based practice that can improve patient outcomes,
and to encourage the accountability of providers, health systems,
and health plans. Development of quality measures for systemic
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lupus erythematosus (SLE) has lagged, in large part because it is
a heterogenous, multiorgan-system disease with few evidence-
based guidelines.

In 2009, Yazdany et al published the first set of quality indica-
tors for patients with SLE, which addressed lupus-specific pro-
cesses of care, including timely diagnosis and treatment of lupus
nephritis, appropriate serologic monitoring, teratogenic drug
counseling, drug toxicity monitoring, glucocorticoid management,
and sun avoidance counseling (2). As evidence has grown around
the comorbid conditions associated with SLE, quality measures
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SIGNIFICANCE & INNOVATIONS

+ We calculated performance on 5 quality measures
relevant to the outpatient care of patients with sys-
temic lupus erythematosus (SLE): renal disease
screening, blood pressure assessment and man-
agement, hydroxychloroquine (HCQ) prescribing,
safe dosing for HCQ, and prolonged glucocorticoid
use at doses of >7.5 mg/day.

« We found potential gaps in care for patients with
SLE across the US. Although some performance var-
iation may be explained by differences in disease
severity, dramatic differences across practices sug-
gest that developing quality measures to address
important health care processes in SLE may
improve quality of care.

that address cardiovascular disease, osteoporosis, and infectious
risk (vaccinations) have also been considered applicable to this
patient population (3). However, only 2 performance measures
that address outcomes germane to patients with SLE have been
tested using administrative data: in-hospital mortality and 30-day
hospital readmission rate. Unfortunately, these measures are not
relevant to the ambulatory setting, where most patients with SLE
receive their care.

In this study, our objectives were to specify a series of quality
measures for outpatients with SLE and to assess performance on
these measures nationally using data from a large electronic
health record (EHR)-based registry in the US.

PATIENTS AND METHODS

Quality measure specification. We defined a series of
quality measures relevant to the outpatient care of patients with
SLE based on existing evidence-based recommendations and
taking into account the feasibility of assessing measures using
structured data from the EHR (Table 1). The first 4 were process
measures addressing important features of the care of patients
with SLE, including screening for renal disease and hypertension,
and the universal and safe use of hydroxychloroquine (HCQ)
(4-6).

We defined a single intermediate outcome measure to
address blood pressure control based on an existing National
Quality Forum-endorsed measure (7): for patients with at least
2 blood pressure measurements recorded, we assessed whether
systolic blood pressure was >140 mm Hg or diastolic blood pres-
sure was >90 mm Hg on at least 2 occasions and >30 days
apart (8).

We also defined an exploratory measure around glucocorti-
coid use that assessed whether patients were receiving
moderate- or high-dose glucocorticoids at a dose of >7.5 mg
prednisone (or equivalent) daily for at least 90 days during the cal-
endar year. The rationale for this exploratory measure was to

provide clinicians with a measure that could provide insight into
the proportion of patients who could meet glucocorticoid criteria
for the lupus low disease activity state (LLDAS) (9).

Data source. The data derived from the American College
of Rheumatology’s Rheumatology Informatics System for Effec-
tiveness (RISE) registry. RISE is a national, EHR-enabled registry
that passively collects data on all patients seen by participating
practices, reducing the selection bias present in single-insurer
claims databases (10). As of December 2018, RISE held validated
data from 1,113 providers in 226 practices, representing approx-
imately 32% of the US clinical rheumatology workforce.

Study population. Patients included in this study were
age >18 years and had at least 2 SLE diagnoses >30 days apart,
during calendar year 2017 (January 1 to December 31) or calen-
dar year 2018 (January 1 to December 31). Patients with visits in
both years were only included in the analysis of 2018 data
(n = 12,292). We excluded patients from practices in which
laboratory data were not available (patients [n = 189]; practices
[n = 28)).

Quality measure assessment in the RISE registry.
Each of the measures in Table 1 was assessed across all patients
in the RISE registry who entered the study population, according
to the denominator, numerator, and exclusion definitions above.
In the primary analysis, renal disease screening could occur via
urinalysis alone or a quantitative assessment of urine protein. In
a sensitivity analysis, we required a quantitative assessment of
urine protein (i.e., the numerator definition included quantitative
assessment such as urine protein or a urine protein:creatinine
ratio, but a patient with a urinalysis result alone would not enter
the numerator). Safe HCQ dosing was defined as a dose of
<5.0 mg/kg/day. We also examined HCQ doses of <6.5 mg/kg/
day (see Supplementary Tables 1 and 2, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24446/abstract). Patients prescribed HCQ who
were missing or had an invalid weight (i.e., weight below the first
percentile or higher than the 99th percentile weight of the general
US population) were counted as a “No Pass” (n = 431) (11).

For the prolonged glucocorticoid use measure, prednisone
equivalents included oral cortisone, hydrocortisone, predniso-
lone, triamcinolone, methylprednisolone, dexamethasone, and
betamethasone. Pill sizes (in milligrams) were calculated based
on National Drug Code codes, where available, or drug name
and route, and an equivalence dose table using prednisone as
the reference. Due to the complexity of prednisone dosing, we
used a commercially available tool (12) in combination with man-
ual review to determine the total prednisone dose based on the
medication instruction (“sig”) fields. If a patient was given 2 pre-
scriptions of different amounts during the same 90-day period,
the total daily dose reflected the sum of the 2 amounts. If a patient
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Table 1. Specification of proposed SLE quality measures*®
Quality measure Measurement
description Denominatort Numerator Exclusions, exceptions period
Renal disease screening: Patients with >2 face-to-face  Patients with >1 ESRD (585.6, N18.6, 799.2, 1 calendar year
proportion of patients encounters with ICD documented urine CPT 90951- 90970) (e.g, 1/1/
with SLE who had urinary codes for SLE, >30 days study (urinalysis, urine 2018-12/31/
screening for lupus apart protein, or urine 2018)

nephritis at least once per
year

Blood pressure assessment:
proportion of patients
with SLE who had at least
2 blood pressure readings
per year

Blood pressure
uncontrolled: proportion
of patients with SLE
without adequate blood
pressure control

HCQ prescription:
proportion of patients
with SLE who were
prescribed HCQ

Safe HCQ dosing:
proportion of patients
with SLE receiving HCQ
prescribed doses
associated with less
retinal toxicity

Glucocorticoid use of >7.5
mg/day for =90 days:
proportion of patients
with SLE who do not meet
the Lupus Low Disease
Activity Index
glucocorticoid criteria
(7.5 prednisone mg/day).

Patients with >2 face-to-face
encounters with ICD
codes for SLE, >30 days
apart

Patients with >2 face-to-face
encounters with ICD
codes for SLE, =30 days
apart, AND >2 blood
pressure readings,
>30 days apart

Patients with >2 face-to-face
encounters with ICD
codes for SLE, >30 days
apart

Patients with >2 face-to-face
encounters with ICD
codes for SLE, >30 days
apart, AND at least 1
prescription for HCQ

Patients with >2 face-to-face
encounters with ICD
codes for SLE, >30 days
apart

protein:creatinine ratio)

Patients with >2 blood

pressure

recorded >30 days

apart

Patients with systolic
blood pressure of >140
mm Hg or diastolic
blood pressure of >90

mm Hg o
>30 days
apart

Patients with at least 1

prescript

Patients prescribed <5.0
mg/kg/day of HCQ on
their most recent

prescript

Patients prescribed >7.5

None 1 calendar year
readings (e.g., 1/1/
2018-12/31/
2018)
None 1 calendar year

(e.g., 1/1/
2018-12/31/
2018)

n >2 occasions,

Toxic maculopathy of retina 1 calendar year

ion for HCQ (H35.0, 381-383, 362.55) or (e.g., 1/1/
poisoning, adverse effect of 2018-12/31/
other specified systemic 2018)

antiinfectives and

antiparasitics (T37.8x,
T37.9x, E931.4)
None 1 calendar year
(e.g., 1/1/
2018-12/31/
ion 2018)
None 1 calendar year

mg of prednisone (or (e.g, 1/1/
equivalent) for >90 days 2018-12/31/
(not required to be 2018)

continuous days)

* CPT = Current Procedural Terminology; ESRD = end-stage renal disease; HCQ = hydroxychloroquine; ICD = International Classification of
Diseases; SLE = systemic lupus erythematosus.
t SLE was defined using ICD codes 710.0, 710.00, or M32x (except M32.0).

was given 2 prescriptions of the same amount during the same
90-day period, this amount was considered an extension of the
same prescription, so amounts were not summed. Patients with
a “sig” field that only said “as directed” were assumed to be tak-
ing 1 pill once per day (n = 562), given that this dosage would
likely be the most conservative (lowest dose) interpretation of the
order. Patients without any glucocorticoids prescribed were con-
sidered to have a dose of “0” and counted as “Pass” for this mea-
sure. The total number of days with a dose of >7.5 mg was
calculated during the calendar year; patients with >90 days were
counted as a “No Pass” for the measure. The 90 days were not
required to be continuous.

We defined a composite measure to assess performance on
the combination of process measures listed in Table 1 (renal dis-
ease screening, blood pressure assessment, HCQ prescription,

and safe HCQ dosing). Performance was calculated as the number
of measures fulfilled divided by the number of measures for which
each patient was eligible. All patients were eligible for the first
3 measures, and patients with at least 1 prescription for HCQ were
assessed for all 4. Performance was aggregated by practice.

Covariates and clinical manifestations. \We extracted
information on patient and practice characteristics from RISE.
Patient characteristics included age, sex, race/ethnicity, insur-
ance, number of visits during the study period, Area Deprivation
Index (an area-level measure of socioeconomic status [range
1-100], with lower scores meaning higher socioeconomic status)
(13), Charlson comorbidity index (based on the Deyo protocol as
a measure of comorbidity [14]), and functional status measure
scores (including the Multidimensional Health Assessment
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Table 2. Patient characteristics (n = 27,567)*

lupus nephritis (ICD codes 580.0-586.0 and 791.0); and end-
stage renal disease (N18.6, 585.6, Z99.2, or Current Procedural
Terminology code for dialysis 90951-90970) (15). We extracted
information on antinuclear antibody (ANA) and anti-double-
stranded DNA (anti-dsDNA) antibodies at any time prior to the
measurement year; ANA and dsDNA were classified as positive if
the results included “positive,” “detected,” or “reactive,” or if titers
were >1:40 for ANA or >1:40 for dsDNA antibodies.

Practice characteristics included practice type (single-spe-
cialty, solo practitioner, multispecialty, health system, and other),
practice size (number of providers, number of eligible patients in
each practice), EHR vendor, geographic division, and the number
of years contributing data to RISE. The latter variable was used to
account for the possibility that data completeness may improve
the longer a practice participated in the registry.

Statistical analysis. Descriptive statistics were used to
examine patient and practice characteristics. Patient-level quality
measures were reported as the proportion of eligible individuals
meeting criteria for the measures according to Table 1. Practice-
level performance aggregated information from all patients seen
within a given practice, examining the proportion of patients fulfill-
ing each quality measure among all those eligible; interquartile
ranges (IQRs) were reported. Practices reporting on <20 patients
were excluded from the practice-level analyses. We used multi-
level logistic regression models that included age, sex, race,
insurance, Area Deprivation Index, number of visits, and geo-
graphic region to assess independent predictors of performance
on each measure, accounting for clustering by practice. Analyses
were performed using SAS software, version 9.4. The Western

Table 3. Practice characteristics (n = 186)*

Characteristic Value
Female 25,284 (91.7)
Age, mean =+ SD years 535+ 152
Race/ethnicity
White 13,235 (48.0)
African American 5,168 (18.8)
Hispanic 2,633 (9.6)
Asian 609 (2.2)
Other/mixed 1,758 (6.4)
Unknown/declined 4,164 (15.1)
Insurance
Private 9,783 (35.5)
Medicare 5,719 (20.8)
Any Medicaid 1,082 (3.9)
Other 1,506 (5.5)
Unknown 9,477 (34.4)
Area Deprivation Index, median (IQR) 46 (25-69)
Geographic division
New England 438 (1.6)
Mid-Atlantic 2,601 (9.4)
East North Central 2,908 (10.6)
West North Central 1,867 (6.8)
South Atlantic 10,172 (36.9)
East South Central 3,337 (12.1)
West South Central 2,575 (9.3)
Mountain 1,191 (4.3)
Pacific 2,478 (9.0)
Clinical characteristics
Number of visits, mean 4 SD 39+27
Charlson comorbidity index, mean + SD 14 +£11
ANA positive (n = 11,994) 8,414 (70.2)
Anti-double-stranded DNA positive (n = 17,908) 8,229 (46.0)
Lupus nephritist 1,585 (5.7)
End-stage renal disease 151 (0.5)
Functional status assessment scores, mean 4 SD
MDHAQ (n = 5,324; range 0-10) 198+ 24
HAQ (n = 2,597; range 0-3) 0.78 £ 0.7
HAQ-II (n = 739; range 0-3) 0.78 £0.7
Medications
Hydroxychloroguine 19,647 (71.5)
Glucocorticoids 12,299 (44.6)
Biologics or JAK inhibitorst 4,660 (16.9)
Methotrexate 2,713 (9.8)
Azathioprine 2,044 (7.4)
Mycophenolate or mycophenolic acid 2,029 (7.4)

Tacrolimus 23(0.1)

*Values are the number (%) unless indicated otherwise.
ANA = antinuclear antibody; HAQ = Health Assessment Question-
naire; IQR = interquartile range; MDHAQ = Multidimensional Health
Assessment Questionnaire.

t Lupus nephritis was defined by International Classification of
Diseases, Ninth Revision codes 580.0-586.0 and 791.0.

} Biologics included abatacept, belimumab, denosumab, rituximab,
and other; JAK inhibitors included tofacitinib.

Questionnaire [MDHAQ)], the Health Assessment Questionnaire
[HAQ], and HAQ-Il). Additional medication data were also
extracted, including use of biologics (abatacept, belimumab, den-
osumab, rituximalb, and other), JAK inhibitors (tofacitinib), myco-
phenolate or mycophenolic acid, azathioprine, methotrexate,
and tacrolimus. Diagnoses were defined using International Clas-
sification of Diseases (ICD) codes for each of the following during
the study period: SLE (710.0, 710.00, or M32x [except M32.0]);

Characteristic Value
Practice type

Single-specialty group practice 110 (59.1)

Solo practitioner 49 (26.3)

Multispecialty group practice 23(12.4)

Health system 4(2.2)
Number of providers per practice

Median (IQR) 2 (1-5)

Range 1-35
Number of eligible patients in each practice

Median (IQR) 104 (42-205)

Range 1-1,125
EHR vendor

NextGen 75 (40.3)

eClinicalWorks 32(17.2)

Amazing Charts 16 (8.6)

eMDs 10 (5.4)

Aprima 8 (4.3)

Other 45 (24.2)
Years contributing data to RISE

Median (IQR) 2.68(1.73-3.58)

Range 0.32-5.37

*Values are the number (%) unless indicated otherwise.
EHR = electronic health record; IQR = interquartile range;

RISE = Rheumatology Informatics System for Effectiveness.
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Table 4. Quality measures, number of eligible patients, and overall performance
Practices
Overall included Practice-level
Eligible performance, in practice-level performance,
Quality measure patients, no. no. (%) analysis, no.* 25th-75th percentile
Renal disease screening 27,369 10,823 (39.5) 164 4.1-60.9
Blood pressure assessment 27,567 26,037 (94.4) 165 96.7-100
Blood pressure uncontrolled 26,037 4612 (17.7) 152 7.9-26.0
Hydroxychloroquine prescription 27,486 19,647 (71.5) 165 64.9-80.0
Safe hydroxychloroquine dosing 19,647 12,172 (62.0) 163 77.3-95.5
Prolonged glucocorticoid use of >7.5 mg 27,567 5,085 (18.5) 165 10.7-22.1
Composite process measuret 27,567 7,626 (27.7) 165 1.2-42.8

* Practice-level analysis included only practices reporting on =20 patients.
t Composite process measure includes renal disease screening, blood pressure assessment, hydroxychloroquine prescription, and safe hydro-

xychloroquine dosing.

Institutional Review Board and University of California, San Fran-
cisco Committee on Human Research approved this study.

RESULTS

There were 27,567 patients with SLE included in this study.
The majority (91.7%) were female, with a mean + SD age of
53.5 + 15.2 years (Table 2). Almost half (48%) of the patients
were White, 18.8% were African American, and 9.6% were His-
panic. Most patients had private or Medicare insurance (35%
and 21%, respectively), with a small number of patients on Medic-
aid (3.9%); a large proportion of patients had unknown insurance
coverage (84%). The mean + SD number of visits was 3.9 + 2.7
during the study period. The median for Area Deprivation Index
was 46 (IQR 25-69). Patients had a mean + SD Charlson comor-
bidity index score of 1.4 4+ 1.1. Overall, mean 4+ SD scores of

MDHAQ, HAQ, and HAQ-Il were 2.0 +2.4, 0.8 + 0.7, and
0.8 £+ 0.7, respectively. A total of 71.5% of patients were receiv-
ing HCQ, 45% receiving glucocorticoids, and 17% receiving bio-
logics or JAK inhibitors. Other medications used are listed in
Table 2. In all, 1,585 patients (5.7%) had a diagnosis of lupus
nephritis and 151 (0.5%) were diagnosed with end-stage renal
disease.

Among the 186 practices represented, 59.1% were single-
specialty groups, followed by 26.3% solo practitioners, and
12.4% multispecialty groups (Table 3). The median number of
providers per practice was 2 (range 1-35; IQR 1-5) and the
median of eligible patients per practice was 104. NextGen and
eClinicalWorks made up almost 60% of the EHRs used by these
practices (40.3% and 17.2%, respectively).

Performance on the proposed quality measures is shown in
Table 4: fewer than 40% of patients with SLE had adequate
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Figure 1. Proportion of patients with systemic lupus erythematosus in practices in the Rheumatology Informatics System for Effectiveness reg-
istry who passed the composite process measure, by practice (n = 165). Composite measures included renal disease screening, blood pressure
assessment, hydroxychloroquine prescription, and safe hydroxychloroquine dosing (<5.0 mg/kg/day). Practices reporting on <20 patients were

not included.
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Table 5. Composite measure, patient level analysis clustering by

practice (n = 27,251)*

Unadjusted OR
(95% Cl)

Adjusted OR
(95% Cl)

Age, per 10 years
Male
Race/ethnicity

0.94 (0.93-0.96)t
1.31(1.20-1.42)t

0.95(0.93-0.97)t
1.34(1.23-1.47)t

White Ref. Ref.
Hispanic 1.13(1.03-1.25)t 1.09(0.98-1.22)
African American 137 (1.28-147)t 1.34 (1.24-1.45)t
Asian 1.11(0.94-1.32) 1.06 (0.89-1.28)
Other/mixed 1.11(0.99-1.24) 1.11 (0.99-1.25)
Unknown 1.23(1.13-1.35)t 1.20(1.10-1.32)t
Insurance
Private Ref. Ref.
Medicare 1.08 (0.94-1.23) 0.92 (0.80-1.07)
Any Medicaid 1.04(0.97-1.11) 0.95 (0.88-1.03)
Other 1.22(1.08-1.38)t 1.12(0.97-1.30)
Unknown 0.90 (0.82-0.99)t 0.81 (0.73-0.89)t
Geographic division
New England Ref. Ref.
Mid-Atlantic 0.59(0.17-2.02) 0.78 (0.25-2.44)
East North 2.59(0.87-7.76) 2.47(0.84-7.28)t
Central
West North 4.60 (1.40-15.11)T 4.63(1.43-14.97)
Central
South Atlantic 1.74.(0.61-4.92) 1.66 (0.60-4.59)
East South 2.06 (0.68-6.22) 2.09(0.71-6.16)
Central
West South 2.44(0.81-7.38) 2.17(0.74-6.42)
Central
Mountain 1.27 (0.34-4.84) 1.47 (0.42-5.20)
Pacific 0.97(0.32-2.97) 0.93(0.31-2.76)
Visits, no. 1.04 (1.03-1.05)t 1.04 (1.03-1.06)t
ADI 1.00 (1.00-1.00)t 1.00 (1.00-1.00)

*95% Cl = 95% confidence interval; ADI = Area Deprivation Index;

OR = odds ratio; Ref. = reference.

t Patients missing ADI and from practices with <20 patients were
not included in this analysis. Variables included in the multivariate
models: age, sex, race/ethnicity, insurance, number of visits, geo-
graphic division, and ADI.

screening for renal disease. Although blood pressure screening
was common (94.4%), a meaningful fraction of patients (17.7%)
had undertreated hypertension. A total of 71.5% of patients had
received at least 1 prescription for HCQ, and 38% were pre-
scribed doses of >5.0 mg/kg/day. Nearly 20% of patients were
receiving at least moderate-dose glucocorticoids for at least
90 days during the calendar year, signaling that they had not
achieved LLDAS.

Analysis of the composite of the 4 process measures
revealed that 27.7% of patients received all services for which
they were eligible. Among patients with any kind of renal disease
(h = 1,662), performance on the composite measure was
42.5%. As with the individual measures, we observed wide prac-
tice variation on the composite measure, ranging from 1% to
93.3% among practices reporting on at least 20 patients
(Figure 1).

In a sensitivity analysis where we required a quantitative
assessment of renal protein for the renal disease screening

measure, overall performance was only 24.3% (6,645 of 27,369)
with a practice performance median of 9.5% (IQR 0-33.9). Using
this version of the renal disease screening measure resulted in a
composite measure performance of 17.3%, with a practice per-
formance median of 6.1% (IQR 0-23.5). In multilevel logistic
regression models, we found that patients who were older,
female, and White were less likely to receive all process measures
for which they were eligible (Table 5). As expected, patients with
fewer visits were less likely to receive all services.

DISCUSSION

This is the first nationwide examination of a series of elec-
tronically specified quality measures applicable to patients with
SLE using a large EHR-based registry in the US. While some
aspects of care were standardized across rheumatology prac-
tices, such as blood pressure monitoring, others demonstrated
significant gaps in care, including moderate use of HCQ, low
rates of screening for renal disease, and a significant portion
of patients with uncontrolled hypertension. We also found that
approximately one-fifth of patients received >7.5 mg of predni-
sone for >90 days, suggesting that they would not have
achieved LLDAS.

The purpose of developing and assessing the measures
defined here was 3-fold. First, some measures could be used for
quality reporting. Existing rheumatology-specific measures
address the care of rheumatoid arthritis and gout, but none spe-
cifically address SLE, a disease that disproportionately affects vul-
nerable populations, so including these measures is an important
step in expanding quality programs. Second, there has been at
least 1 study linking performance on process measures with
reduced damage in SLE, so improving performance on these
measures may reduce damage going forward (16). Third, some
measures, especially the blood pressure control and prolonged
glucocorticoid use measures, could be used for population health
management across clinics or health systems and may facilitate
the creation of tools that can be used directly to improve care.
For example, implementing the prolonged use of the glucocorti-
coids measure in the RISE registry dashboard would facilitate
the creation of reports showing lists of patients who may need
closer follow-up or more aggressive glucocorticoid management
plans.

We demonstrated the feasibility of assessing these mea-
sures by extracting information from structured fields in the EHR.
Abstracting information about tests for urine protein, blood pres-
sure and weight values, and medication doses was possible
through structured EHR data fields. Calculations of prednisone
dose presented a significant challenge, as this calculation
required extraction of information from the medication instruction
field (“sig”) where available, and many instructions read only “as
directed.” To accomplish this calculation at scale and in real time,
alternate methods that estimate dose based on the number of
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pills dispensed might be easier, although such a method could
sacrifice accuracy (17). Future work should test a variety of
methods to accurately extract this information, including creat-
ing more standardized instruction options or having standard-
ized fields where a clinician can designate whether a patient is
receiving >7.5 mg prednisone/day at any given visit. We did not
attempt to assess measures such as vaccination status, HCQ
eye screening, or lipid monitoring. The feasibility of extracting
this information, which may not be routinely documented in the
rheumatology EHR at all, or captured only in the text of the clini-
cal note, was substantially lower than those measures we did
focus on. Future work should address these additional, impor-
tant features of SLE care.

We observed significant variations in care across patients
and practices. We found that patients who were older, female,
and White were less likely to receive all services for which they
were eligible, which likely reflects less intensive monitoring of
patients with mild disease. Interestingly, practice variation in per-
formance on the composite measure was not completely
explained by these differences in patient case mix (unadjusted
performance range 0-100%; adjusted performance range 3-
63%) and may be due to differences in care provided, in docu-
mentation, or in workflows across practices. Although our data
strongly suggest that there is a significant gap in the care of
patients with SLE, the magnitude of the gap may be smaller than
is reported here, reflecting inadequate EHR documentation. For
example, some patients may have been screened or monitored
for lupus nephritis or hypertension by clinicians outside the rheu-
matology practice, in which case these data would not have
entered the participating rheumatologist’s EHR. Work linking
RISE data to administrative claims (e.g., Medicare claims) is
ongoing and will improve our understanding of the magnitude
of this underestimation. Nevertheless, most patients with SLE
with access to rheumatology care (i.e., all patients included in
this study), are likely to have HCQ prescribed by their
rheumatologist.

Our finding that 70% of patients have at least 1 prescription
for HCQ during the calendar year is similar to other recent reports
of HCQ use, even among patients seeing a rheumatologist (18-20).
Ultimately, inclusion of these quality measures in the RISE dash-
board (or, potentially, in national pay-for-performance pro-
grams) will necessitate agreement from relevant stakeholders
that these aspects of care are important to measure and improve.
Moreover, improvement in these aspects of care will require accu-
rate assessment of these measures, which may entail changes to
documentation workflows at the practice level, and for RISE prac-
tices, more customized mapping of data elements by the registry
clinical informatics team.

Most prior studies of quality of care in SLE have examined
care for SLE outside of the specialty care setting. In these studies,
racial/ethnic minorities were less likely to access subspecialty care
for SLE, and those with low socioeconomic status were more likely

to travel long distances to see a rheumatologist (21). Moreover,
those with no health insurance were less likely to receive
high-quality care (22). In the Medicaid population, those with low
socioeconomic status were less likely to receive timely care for
lupus nephritis and less likely to receive HCQ (17). We did not see
previously observed differences in RISE data, suggesting that the
largest sociodemographic disparities in health care may occur prior
to patients accessing rheumatology care. Whether these observa-
tions remain consistent when more academic medical centers join
the RISE registry, so that there will be greater diversity across
socioeconomic status, will be interesting to see.

The main strength of this study is its description of the actual
care received by patients; the data were derived from the RISE
registry, were collected passively from the EHR, and reflect all
patients seen in practices, thereby reducing selection bias. How-
ever, there are also several limitations: as mentioned above, the
measures only capture care provided by the rheumatologist, so
we may have underestimated the actual care received by patients
across all of their providers. We were unable to capture reasons
why care did not occur; for example, some patients may have
declined HCQ or antihypertensives altogether. For the glucocor-
ticoid measure, patients may have been prescribed prednisone
for non-SLE conditions by nonrheumatology clinicians. Finally,
RISE includes very few academic centers, so although it pro-
vides an important and unique picture of community-based
rheumatology practice, data may not be generalizable to large
health systems.

In summary, we evaluated a series of quality measures appli-
cable to the care of patients with SLE. We found significant gaps
in care among patients with SLE in a large US EHR-based regis-
try. Implementing these measures to assess these gaps and feed
information back to providers is likely to help improve the quality of
care for patients with SLE.
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Systemic Lupus Erythematosus: Targeted Literature Review
of the Epidemiology, Current Treatment, and Disease
Burden in the Asia Pacific Region

Yoshiya Tanaka,' 2/ Sean O'Neill,> Mengtao Li,®> / I-Ching Tsai,* and Ya-Wen Yang®

Objective. To understand the epidemiology, current treatment, and disease burden of systemic lupus erythemato-
sus (SLE) in the Asia Pacific (APAC) region.

Methods. A targeted literature review of published evidence on SLE in the APAC region was conducted, using the
Medline database (2008-2018), conference proceedings, and other supplementary sources.

Results. The current review identified 70 studies conducted in China (n = 15), Japan (n = 13), Taiwan (n = 12),
Korea (n = 9), Australia (n = 7), Hong Kong (n = 6), Singapore (n = 4), and multiple places within the APAC region
(n = 4). Incidence rates (per 100,000 persons per year) ranged from 0.9-8.4, while prevalence rates ranged from
3.7-127 (per 100,000 persons); however, recent data were limited. Asian patients with SLE were reported to have
higher disease severity, disease activity (higher SLE disease activity index scores), and organ damage accrual, along
with increased morbidity, mortality, and susceptibility to renal involvement compared with other ethnicities in the APAC
region. The risk of developing SLE is higher in the Asian population. Routinely used SLE therapies included belimumab,
hydroxychloroquine, cyclophosphamide, tacrolimus, azathioprine, mycophenolate mofetil, and glucocorticoids;
however, prescribing patterns varied across the region. Increased disease activity was associated with high economic
burden and poor quality of life for SLE patients in the APAC region.

Conclusion. SLE remains a disease with a significant unmet medical need for an innovative therapy that is
well-tolerated and effective for patients in the APAC region. Further evidence is required to better characterize the
disease and fully capture the burden and impact of SLE in the APAC region. This review has highlighted where there
is a paucity of data from patients across the APAC region.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic, multi-
system autoimmune disease with an estimated 3.7 million
prevalent cases worldwide (1,2). SLE is characterized by a
wide spectrum of clinical manifestations, ranging from skin
rashes to major organ damage (3). Other common symptoms
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SIGNIFICANCE & INNOVATIONS

+ The Asian population is at a higher risk of develop-
ing systemic lupus erythematosus (SLE) compared
with other ethnicities and regions. SLE is associated
with increased morbidity and mortality, as well as
significant risk of early death compared with that
in the general population.

+ SLE carries a significant humanistic burden, with
patients experiencing poor health-related quality
of life and additional unmet needs that are not
addressed by current physician-scored disease
activity instruments.

+ Further evidence is required to fully capture the
impact of SLE in the Asia Pacific (APAC) region,
e.g., real-world data of treatment-associated out-
comes in SLE.

« SLE remains a disease with a significant unmet
medical need for an innovative therapy that is well-
tolerated and effective for patients in the APAC
region.

The etiology of SLE is not fully understood; however, both
genetic predisposition and environmental triggers are thought to
be involved in activation of autoreactive T cells and overproduction
of autoantibodies by B cells during the pathologic processes (5,8).
The variable disease course and outcomes of SLE differ across
racial/ethnic groups and sex, reflecting genetic, environmental,
sociodemographic, and health care system differences in the Asia
Pacific (APAC) region, as well as potential differences in treatment
availability. The unpredictable disease course and organ involve-
ment can make the diagnosis and treatment of SLE difficult (2,4).

Treatment decisions in SLE are driven by the organ systems
involved, the severity of the disease, and the drug’s safety profile.
Although treatment recommendations differ globally, the goal of
treatment is consistent across guidelines. Patients with more
severe disease often require more intensive treatments such as
medium to high dose glucocorticoids, immunosuppressants,
and B cell modulators, where the goal is to induce and then sus-
tain disease remission to avoid severe damage of vital organ
systems (1,9,10). With the exception of hydroxychloroquine, glu-
cocorticoids, some immunosuppressants (e.g., azathioprine),
and belimumab, the majority of agents used to treat SLE are used
off label (1), highlighting the need for more targeted therapies with
proven efficacy for SLE.

Although there are a range of therapies available for SLE
patients, symptom management remains unsatisfactory, and
many treatments, particularly glucocorticoids, are associated with
burdensome adverse effects (11-13). Patients receiving gluco-
corticoid treatment reported that the treatment constituted most
of their organ damage at 15 years of follow-up (12). Glucocorti-
coid treatment is also an independent risk factor for cardiovascu-
lar events (13). There is, consequently, an unmet need for novel

treatments that provide sustained disease control with minimal
side effects, particularly for patients with severe SLE (4,14).

The Asian population in the APAC region is associated with a
higher risk of developing SLE (10); however, data are limited on
the epidemiology and burden of SLE across the region (2,3). The
aim of this study was to review available published evidence asso-
ciated with the epidemiology, current treatment, and disease bur-
den of SLE in the APAC region.

MATERIALS AND METHODS

A targeted literature review (TLR) was conducted in accor-
dance with the Cochrane Collaboration (15) and the Preferred
Reporting ltems for Systematic Reviews and Meta-Analyses
(PRISMA) Statement (16) guidelines. Ovid Medline was searched
from January 2008 to September 2018, using a combination of
free text keywords and Medical Subject Heading terms (see Sup-
plementary Appendix A, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24431/
abstract). Conference proceedings between 2015 and 2018, and
inclusive and other supplementary sources (clinical guidelines,
press releases, reference lists of included studies and identified
systematic literature reviews [SLRs]) were searched. Randomized
controlled trials (RCTs), observational, real-world studies, and
SLRs that reported population-level data on the diagnosis, disease
characteristics, treatment effect, mortality, comorbidities, epidemi-
ology, direct and indirect costs, QoL, and unmet need associated
with SLE in the APAC region were included. Studies that were cited
in SLRs identified by this TLR were included as additional sources.
An overview of the eligibility criteria and TLR methodology is shown
(see Supplementary Appendix B, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24431/abstract).

RESULTS

Identification of included publications. A total of
70 unique publications (3,4,10,11,17-82) comprised of 27 clini-
cal studies, 16 epidemiologic studies, and 27 studies reporting
economic and humanistic burden and unmet need met the
inclusion criteria (see Supplementary Appendix C, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24431/abstract). Most of the
studies were conducted in China (n = 14) (11,19,21,23,28,29,
38,43,47,54,59,78,79,82), Japan (n = 13) (31,33-37,40,58,65,
67,74,75,77), and Taiwan (n = 12) (20,22,24,25,45,52,56,60-62,
64,69), followed by Korea (n =9) (17,26,32,42,44,53,63,72,76),
Australia (n =7) (4,18,39,49,50,57,66), Hong Kong (n = 6) (10,
30,46,71,80,81), and Singapore (n = 4) (27,48,55,70); 4 studies
were conducted in multiple places within the APAC region
(8,41,51,73). Given the broad scope of the outcomes of interest,
a high number of studies were identified; however, many reported
laboratory findings, disease genetics, and pathology, and were
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Figure 1.

therefore excluded. Studies in pediatric populations were also
excluded.

Disease characteristics of patients in included
studies. Disease characteristics were reported for SLE patients
in studies from Australia (n = 6) (4,18,39,50,57,66), China (n = 15)
(11,19,21,28,28,29,38,43,47,54,59,78,79,82), Hong Kong (n = 6)
(10,30,46,71,80,81), Japan (n = 13) (31,33-37,40,58,65,67,74,
75,77), Korea (n = 7) (17,26,41,42,44,63,72), Singapore (n = 4)
(27,48,55,70), and Taiwan (n = 10) (20,22,24,25,45,52,61,62,
64,69) (see Supplementary Appendix C, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24431/abstract). The fre-
quency of clinical manifestations by region is summarized in
Figure 1 (20,22,24,25,45,52,61,62,64,69). Most patients were
Chinese (35.0%) or Japanese (33.0%), followed by Taiwanese
(17.0%), Korean (6.0%), and White (6.0%). In all of the studies that
reported disease characteristics, prevalence of SLE was higher in
fermale than in male patients (87.0% versus 13.0%). The mean
age of included patients was 41.7 years (range 24-65 years). The
mean age at SLE onset was 31.1 years (range 9.6-63.0 years),
and was 32.6 years (range 11.3-75.0 years) at diagnosis. The
mean disease duration was 5.8 years (range 0.5-30.6 years)
across studies. SLE is characterized by episodes of disease flares,
which, over time, can result in major organ damage, and fear of
flares is a commonly reported unmet need of SLE patients in the
APAC region (4).

Epidemiology of SLE. Incidence and prevalence.
Incidence or prevalence of SLE was reported by 8 studies (see
Supplementary Appendix C available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24431/abstract) (3,4,44,46,51-53,56). The
incidence rates (per 100,000 persons per year) cited for the
7 APAC geographic regions ranged from 0.9 to 8.4, and the prev-
alence rates (per 100,000 persons per year) ranged from 3.7 to
127 (3,4,44,46,51-53,56). A relatively higher prevalence of
SLE was seen in Aboriginal and Torres Strait Islander people
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Frequency of key clinical manifestations in systemic lupus erythematosus patients across the Asia Pacific, by geographic region.

(62.6-89.3) and pregnant women (127.0) in Australia (3,4) and in
patients in Taiwan (21.1-97.5) (51,52,56) when compared with
other populations in Australia (45.3) (3) and other APAC
geographic regions, such as China (10.0-70.0) (51), Hong Kong
(568.8) (3), Korea (18.8-21.7) (44,53), and Singapore (40.0) (51).
The lowest prevalence and incidence of SLE was recorded in
Japan (8.7-37.7 and 0.9-2.1, respectively) (3,51). A breakdown
of the incidence and prevalence of SLE by ethnicity and age in
each geographic region was not available from the literature, and
the data do not allow a conclusion regarding whether SLE is more
common in certain parts of the APAC region than in others.

Morbidity and mortality. In total, 11 studies were identified
that reported mortality/morbidity (Table 1) and survival (Table 2) in
the APAC region (3,24,29,42,45-47,54,55,83). The leading
causes of death across the cited geographic regions were infec-
tions (27.6-69.0%), which were more common in Hong Kong
(60%), Australia (67.0%), and Taiwan (69.0%) compared with other
APAC geographic regions, followed by SLE activity (26.9-80.0%)
and thromboembolism (8-30%) (3,24,29,42,45-47,54).Renal
involvement was more common in the Asian population compared
with White patients (83). Older age at disease onset, infection,
autoimmune hemolytic anemia, thrombocytopenia, and pulmonary
arterial hypertension were independent risk factors that were
linked to SLE deaths (54). The risk of mortality is greater for SLE
patients compared with the general population (see Supplemen-
tary Appendix C, available at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24431/abstract) (42,45,54,55).

Survival rates are summarized in Table 2. No significant dif-
ference in survival was found between male and female patients,
and the age at death of the majority of the SLE patient population
ranged from 30 to 44 years (54). There are some discrepancies in
survival and mortality rates across the geographic regions, which
might be a result of differences in access to health care and socio-
economic factors related to delay in treatment and poor treatment
compliance; data on these discrepancies are lacking in the cited
literature.
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Table 1.

Mortality of SLE patients by geographic region of interest*

Geographic region(s),

SLE duration; age at

Author, year (ref.) no. of deaths Ethnicity death (years) Cause of death (%)
Chen et al, 2006 (90)t China, Shanghai, 16 NR 114 +52; Infection (31), renal (31), CVD (13),
356+ 13.1 CBV (13), Gl vasculitis (6), unknown (6)
Kim et al, 1999 (91)t Korea, 40 Korean 394+18; Infection (33), active SLE (25), CVD
338+ 136 (18), CBV (10), hematologic (8),
pulmonary (3), Gl (3), unknown (3)
Chun and Bae, 2005 Korea, 10 Korean NR Active SLE (80), infection (10), suicide (10)
(92)t
Ichikawa et al, 1985 (93)T Japan, 212 NR NR;333 £ 113 Infection (35), active SLE (27), CVD (7),
CBV (10), Gl (7), suicide (6), malignancy (3)
hepatic (2), other (3)
Pu et al, 2000 (94)t Taiwan, 36 ATSI, White NR Infection (69), renal (17), pulmonary (14),
CBV (6), CNS (6), malignancy (6),
unknown (8)
Chang et al, 1998 (95)t Taiwan, 15 Chinese NR Infection (33), renal (20), CNS (20),
pulmonary (13), CBV (7), malignancy (7)
Mok et al, 2005 (96)T Hong Kong, 30 Chinese 51459438+ 174 Infection (60), CBV (10), renal (7) CVD (6),
malignancy (3), suicide (3), unknown (10)
Wong, 1992 (97)f Hong Kong, 137 Chinese NR Active SLE (60), infection (40)
Lee et al, 1993 (98)t Hong Kong, 137 Chinese NR CBV (45), renal (36), infection (23), CVD
(9), suicide (5), GI (5)
Koh et al, 1997 (99)t Singapore, 67 Chinese, 4.0 (range 0.1-20.8);  Active SLE (45), infection (40),
Malaysian, 351+ 14 thromboembolism (8), malignancy (6),
Indian, other CVD (2)
Bossingham, 2003 (100)t Australia, 9 ATSI, European, 9.2, NR Thromboembolism (or suspected) (67),
Sikh active SLE or treatment complications
(33)
Segasothy and Phillips, Australia, 2 ATSI 1.2, 36 Infection (50), thromboembolism (50)
2001 (101)t
Anstey et al, 1993 (102)t Australia, 9 ATSI 2.9;30 Infection (67), CVD (22), renal (11)
Mu et al, 2018 (47) China, 45 NR 2.6 (0.5-7.0); Infection (31.1), renal failure (6.7), PAH
NR (6.7), CBV (6.7), NPSLE (4.4),
thrombocytopenia (4.4)
Wang et al, 2018 (54) China, 16 Chinese NR Infection (2), severe active SLE (1), sudden
cardiac death (1), CBV (1), unknown (2)
Yang et al, 2014 (55) Singapore, 77 Chinese, NR NR
Malaysian,
Indian, other

* Values are the mean + SD unless indicated otherwise. ATSI = Aboriginal and Torres Strait Islander people; CBV = cerebrovascular event;
CNS = central nervous system; CVD = cardiovascular disease; Gl = gastrointestinal; NPSLE = neuropsychiatric SLE; NR = not reported;
PAH = pulmonary arterial hypertension; ref. = reference; SLE = systemic lupus erythematosus; SMR = standardized mortality ratio.

Tt Summarized in ref. 3.

Risk factors for and comorbidity associated with SLE. SLE

Disease burden of SLE. Treatment outcomes of existing

patients from included studies had preexisting comorbidities at
diagnosis, and the risk of developing multiple comorbidities was
higher after diagnosis compared to matched controls. SLE is
associated with a greater risk of cancer, cardiovascular, renal,
liver, rheumatologic, and neurologic diseases as well as hypothy-
roidism, psychosis, and anemia. Risk factors identified by this
TLR for neuropsychiatric SLE included higher SLE Disease Activ-
ity Index scores, antiphospholipid antibody positivity, absence of
anti-double-stranded DNA antibody at SLE diagnosis and fewer
years of education. Presence of neuropsychiatric SLE, especially
focal central nervous system neuropsychiatric SLE, increased
the risk of mortality in SLE patients (42). Age (30-49 years age
group), female sex, and socioeconomic status were reported to
be significant risk factors of developing SLE in the APAC region.

SLE therapies in the APAC region. Of 27 clinical studies identified
by this TLR, 20 reported treatment outcomes of existing therapies
in the APAC region (see Supplementary Appendix C, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24431/abstract).
A range of study designs were reported, including a pharma-
cokinetics/pharmacodynamics study, phase Il clinical trials,
and prospective and retrospective observational studies that
assessed a variety of approved and experimental drug treat-
ments (including cyclophosphamide [31,33], belimumab
[38,41], rituximab [17,18,27,36,39], epratuzumab [37], tabalu-
mab [35], azathioprine [19,21], hydroxychloroquine [22,24,
40], and glucocorticoids [10,20,26]). However, only hydroxy-
chloroquine, cyclophosphamide, azathioprine, and mycophe-
nolate mofetil (MMF) are routinely used in the APAC region
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Table 2. Survival of SLE patients by geographic region*

Survival rates (%)

Author, Country, Study Ethnicity/age at

year (ref.) City/region period onset, years Cases, (no.) 1-year 5-year 10-year

Chen et al, China, 1980-1998 NR 50 98 (from SLE 98 (from SLE 84 (from SLE
2006 (90)T Shanghai onset), 98 (from onset), 86 (from onset), 76 (from

SLE diagnosis) SLE diagnosis) SLE diagnosis)

Xie et al, 1998 China, 1959-1993 NR 566 93 (from SLE 73 (from SLE 60 (from SLE
(103)T Shanghai onset) onset) onset)

Kim et al, 1999 Korea 1993-1997 Korean 544 98 94 NR
ont

Iseki et al, Japan, 1972-1993 Korean 566 97 (from SLE 89 (from SLE 78 (from SLE
1994 (104)t Okinawa diagnosis) diagnosis) diagnosis)

Kameda, Japan, 1975-1977 NR 103 (female) NR 89 64
1988 (105)T Fukuoka

City

Funauchi et al, Japan, 1975-2004 NR 306 NR NR 89
2007 (106)T Osaka

Pu et al, 2000 Taiwan 1988-1998 Chinese/<50 152 97 88 82
94yt

Pu et al, 2000 Taiwan 1988-1998 Chinese/50-64 21 76 66 54
(94)t

Pu et al, 2000 Taiwan 1988-1998 Chinese/=65 21 74 55 55
94)t

Chang et al, Taiwan 1983-1996 Chinese (male) 72 85 (from SLE 76 (from SLE 75 (from SLE
1998 (95)T diagnosis) diagnosis) diagnosis)

Chang et al, Taiwan 1983-1996  Chinese (female) 519 89 (from SLE 81 (from SLE 78 (from SLE
1998 (95)T diagnosis) diagnosis) diagnosis)

Mok et al, Taiwan 1983-1996 Chinese/16-50 213 NR 94 87
2005 (96)T

Mok et al, Hong Kong 1991-2003 Chinese/ >50 22 NR 66 (from SLE 44 (from SLE
2005 (96)t diagnosis) diagnosis)

Wong, 1992 Hong Kong  1985-1989 Chinese 156 NR 97 94
(97)

Anstey et al, Australia 1984-1991 ATSI 22 9 60 NR
1993 (102)

Linetal, 2013 Taiwan 2003-2008 NR; all age 103 93.66 80.4% NR
(45) groups

Linetal, 2013 Taiwan 2003-2008 NR; <40 years 103 94.1 81.8 NR
(45)

Mu et al, 2018 China 2007-2015 NR 911 98.2 953 93.7
(47)

Wang et al, China 2009-2010 Chinese 254 98.4 95.5 93.8
2018 (54)

* ATSI = Aboriginal and Torres Strait Islander people; NR = not reported; SLE = systemic lupus erythematosus.

T Summarized in ref. 3.
 6-year survival rate was 93.8%.

due to the lack of approval for other medicines in this
region (10,24).

Among drugs targeting the immune system, cyclophospha-
mide demonstrated similar efficacy to MMF for induction therapy
for active lupus nephritis and provided a synergistic effect with
tacrolimus to promote remission (31,33). However, cyclophos-
phamide is associated with significantly more adverse events
(AEs) compared with MMF, including anemia and thrombocyto-
penia. The B cell modulator belimumab demonstrated a higher
SLE response index rate compared with placebo in a meta-
analysis conducted in China (38), an observational study in
Japan (34), and a phase lll clinical trial in China, Japan, and Korea
(41), along with a manageable safety profile. In contrast, the B cell
modulator rituximab, which has been studied as an off-label

treatment in Australia, Japan, Korea, and Singapore when con-
ventional immunosuppressive therapy fails (17,18,36,39), was
associated with a unfavorable safety profile, including malignancy,
anaphylaxis, and death. However, it is important to note that
these observations were not part of RCTs, and there was no
comparator group to determine the occurrence of such events
in matched patients with similar SLE severity who were not given
rituximab. Azathioprine in conjunction with a glucocorticoid in the
maintenance phase demonstrated a similar low rate of renal
relapse when compared with tacrolimus in a clinical trial in China,
but had a less favorable safety profile, with AEs such as leukope-
nia, hepatotoxicity, and gastrointestinal discomfort (19,21).
Long-term glucocorticoid use is associated with burden-
some adverse effects for SLE patients in the APAC region. In a
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Table 3. Summary of economic burden by geographic region of interest*

Geographic region, study design (ref.)

Economic burden

Australia, retrospective review (18)

Butterly et al reported that the cost of off-label use of rituximab was >AUD $210,000, in a

review of data from 2005-2008 at a tertiary hospital.

China, observational cost analysis (78)

Zhang et al assessed treatment adherence and disease burden at an outpatient clinic and

demonstrated annual direct (CNY ¥#33,899) and indirect (CNY ¥8,993) costs per
patient for SLE patients, which were higher than costs for patients with ankylosing
spondylitis or rheumatoid arthritis.

Hong Kong, retrospective cost of illness
study (80)

Zhu et al showed that the mean annual total cost of care was USD $13,307 per SLE
patient. The direct costs dominated the total costs, and the costs of inpatient care

contributed 52% of the direct costs. SLE patients with CVD (USD $25,051), seizures
(USD $28,560), and neuropsychiatric SLE (USD $19,174) incurred significantly higher
disease costs compared with the general SLE patient population.

Japan, retrospective claims database study (77)

Tanaka et al demonstrated that the mean total direct medical cost from 2010-2012 was

USD $27,004. Costs increased with disease severity for patients with mild (USD $5,549),
moderate (USD $15,290), and severe (USD $43,322) disease (analysis of variance,

P <0.0001).
Korea, cost analysis from a hospital
database and medical records (76)

Park et al reported the estimated overall annual direct medical costs of SLE in South Korea
as USD $3,305 per patient (2010 currency), of which 60.4% and 39.6% accounted for

inpatient and outpatient cost, respectively. The majority of the direct costs were
attributable to diagnostic procedures (USD $1,177) and medications (USD $1,269).

Korea, cost analysis using hospital
electronic and interview data (63)

Cho et al reported no significant difference in the total, direct, or indirect costs between
patients with high or low disease activity (SLEDAI-2K). Patients with disease damage

(SDI), however, incurred significantly higher costs than patients without such damage
(KRW ¥¢4.72 million vs. KRW %2.80 million [P = 0.008]).

Singapore, retrospective cost analysis (27)

Lateef et al assessed the impact of rituximab in patients with refractory SLE. The costs of

hospitalization were reported as SGD $5,989 per patient per year before rituximab
treatment, and SGD $5,792 per patient/year after rituximab, including drug cost for
rituximab (SGD $3,400 per 500 mg vial). Data suggest that rituximab was the dominant
therapy, with equivalent cost and fewer hospitalization days (from 17.1 days per year
[range 1.9-49 days] to 0 days per year [range 0-14.8 days; P = 0.027]).

Taiwan, insurance database analysis (61)

Cheng et al showed that the average annual medical costs and average SLE-related medical

costs were NTD $105,059 and NTD $29,770, respectively (61).

Taiwan, population-based cost analysis (62)

Chiu et al showed that the per patient costs for SLE were USD $1,165 for outpatients, USD

$4,238 for inpatients, USD $5,094 for SLE with organ damage, and USD $3,167 for SLE
without organ damage.

Taiwan, population-based cost analysis of
health care utilization (69)

Lai et al reported the inflation in the annual costs of ambulatory medical care utilization
from USD $232 to USD $1,134 over 8 years.

* AUD = Australian dollar; CNY = Chinese Yuan; CVD = cardiovascular disease; KRW = Korean won; NTD = New Taiwan dollar; SDI = Systemic
Lupus International Collaborating Clinics/ American College of Rheumatology Damage Index; SGD = Singapore dollar; SLE = systemic lupus
erythematous SLEDAI-2K = Systemic Lupus Erythematous Disease Activity Index 2000; USD = United States dollar.

Chinese cohort with SLE, glucocorticoid use was associated
with comorbidities such as osteoporosis, osteonecrosis, and
Cushing’s syndrome, and an increased risk of bacterial infection
(20). Avascular necrosis (AVN) is one of the most common causes
of organ damage in SLE and can cause severe physical disability,
and high cumulative glucocorticoid use was one of the most sig-
nificant risk factors for AVN, along with the use of immunosup-
pressants. On the contrary, hydroxychloroquine was associated
with a reduced risk of incident diabetes mellitus in SLE patients
(22), and was found to decrease mortality rates in patients with
SLE in Taiwan (24).

In addition to efficacy and safety, adherence to treatment
was assessed in 2 studies (24,78). Of 121 patients in a cohort of
Chinese patients with SLE, 51.3% of SLE patients were not
adherent to treatment. Experiencing treatment-related AEs was
negatively associated with drug adherence (odds ratio 2.185
[95% confidence interval 0.925-5.161], P < 0.05) (78). Treatment
adherence was reported to improve long-term survival in a

cohort of SLE patients who were receiving hydroxychloroquine
(P <0.001 versus nonadherent patients), demonstrating the
importance of patient adherence to therapy for optimal outcomes
in SLE (24).

Economic burden of SLE. Ten studies (18,27,61-63,69,
76-78,80) reported the economic burden of SLE in the APAC
region (Table 3). These studies highlighted that SLE was associ-
ated with a substantial annual per patient health care expenditure
that increased with disease severity, and health care utilization
was higher in SLE patients with higher disease activity and organ
damage (61-63,76-78,80).

Although medical costs varied widely across the included
studies, a high economic burden was consistently reported for
the treatment of SLE across the region. The main driver that con-
tributed to economic burden was direct medical costs (including
hospitalization, medications, and diagnostic materials). The highest
annual direct costs were reported for Japan ($27,000 USD) (77),
followed by Hong Kong ($13,307 USD) (80), China ($6,919 USD)
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Table 4. Summary of humanistic burden by geographic region of interest*

Geographic region,

study design (ref.) Humanistic burden
Australia
Cross-sectional questionnaire Significant discordance between SLE patient and physician health status concerns; the
study (66) most important concerns were fatigue and functional measures for patients and organ manifestations

Validation study (57)

Hong Kong
Epidemiologic review using
electronic health care
records (46)
Cost of iliness study (80)

China
Patient questionnaire (68)

Case-control follow-up studies
(79,82)

Patient survey (59)

Taiwan
Prospective, cross-sectional
survey (60)
Prospective, cross-sectional
study (64)
Japan
Patient survey (65)

Prospective cross-sectional
study (74)
Method validation study (67)

Prospective study (58)

Validation of questionnaire in
an observational cohort (75)

Korea
Multicenter cross-sectional
study (72)

for physicians
SLE patients with disability, low socioeconomic status, or higher disease activity had
significantly worse LIT scores than the general population.

Depressive/anxiety symptoms were independently associated with poorer QoL in SLE
patients, and patients with more depressive symptoms were more likely to experience work disability
than those without.

The number and severity of flares (mild/moderate vs. severe), and the number of organs
involved (single-organ vs. multiorgan flare) did not influence the domains of HRQoL measured by the
SF-36.

Using the Chinese version of the SLEQoL tool fatigue, education level, disease
duration, ESR, and disease activity were the predominant influencers of HRQoL in the Chinese Han SLE
population.

In 2 studies that examined the relationship between polymorphisms of the
glucocorticoid receptor gene and HRQoL, specific polymorphisms were significantly associated with
improvements in HRQoL in Chinese SLE patients treated with glucocorticoids

High prevalence of depressive and anxiety disorders associated with disease activity
among SLE patients.

A study that evaluated HRQoL among patients with AS, rheumatoid arthritis (RA), or
SLE found that RA patients have a lower HRQoL than AS and SLE patients.

Self-help via the Braden Self-Help Model played an important role in alleviating
patient-perceived disease severity and improving QoL.

HRQoL of Japanese female SLE patients was significantly poorer compared with that
of age and sex-matched Japanese normal controls in physical and global health perception as well as in
social and emotional status.

In corticosteroid-naive SLE patients (n = 11), prevalence of depression was higher
compared with control patients without SLE (n = 2) (P = 0.035).

Older age was associated with lower QoL scores in a study by Inoue et al, which
validated the Japanese LupusPRO for use in SLE patients.

Baba et al assessed the validity of the SF-36 health survey and its association with
the SLEDAI-2K and the SDI over a 2-year period and found that HRQoL measured by the SF-36 health
survey was reduced in Japanese SLE patients and was associated with disease damage rather than
disease activity.

In a study that translated the SLAQ (a patient-reported assessment of subjective disease
activity in SLE) into Japanese, Okamoto et al reported that the Japanese SLAQ was comparable to the
English version.

In the only study identified by the TLR in Korea reporting on the humanistic burden,
Moon et al reported lower QoL and poor sleep quality in SLE patients with fibromyalgia as compared to
those without fibromyalgia, especially middle-age and female SLE patients.

* AS = ankylosing spondylitis; HRQoL = health-related quality of life; LupusPRO = lupus patient-reported outcomes; LIT = Lupus Impact

Tracker; QoL = quality of life; ref.

= reference; SF-36 = Short Form 36 health survey; SLAQ = Site-Level Assessment Questionnaire;

SLE = systemic lupus erythematosus; SLEDAI-2K = SLE Disease Activity Index 2000; SDI = Systemic Lupus International Collaborating Clinics/
American College of Rheumatology Damage Index; TLR = targeted literature review.

(78), Taiwan ($5,408 USD) (61,62), and South Korea ($3,305 USD)
(63,76). Inpatient care was the main contributor to direct costs of
treating SLE (78,80). In Hong Kong, the presence of comorbidities,
such as cardiovascular disease, seizures, and neuropsychiatric
SLE, increased annual health care costs by 44-114% compared
with the general SLE population, and therefore comprised the
overall health care-utilization burden (80). Clinically, the main

drivers of economic burden were increased disease activity and
damage (Systemic Lupus International Collaborating Clinics/
American College of Rheumatology Damage Index) (63,76,
78,80). One study showed a modest reduction in hospital stays
and overall hospital expenditure with rituximab treatment, thereby
demonstrating that interventions can impact health care utilization
and potentially relieve economic burden (27).
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Overall, the economic burden of SLE is driven by disease
activity, organ damage, and long-term comorbidities and may
be exacerbated by the chronic nature of SLE. Therefore, there is
consequently an unmet need for novel therapies that can mini-
mize disease activity and damage in SLE patients and target
comorbidities to reduce hospitalization and relieve the economic
burden of SLE in the APAC region.

Humanistic burden of SLE. In total, 16 studies (57-60,
64-68,71,72,74,75,79,81,82) reported the humanistic burden of
SLE in the APAC region (Table 4). Key drivers of QoL burden were
disease activity, longer disease duration (57,68), and physical dis-
ability and fatigue (66,57). Low economic status and education
level, unemployment, and old age also negatively impacted QoL
of SLE patients in the geographic regions of interest to this TLR
(567,66-68). Symptoms such as fatigue, pain, poor cognition,
and inability to perform usual tasks were identified as patient-
perceived unmet needs among SLE patients in the APAC region.
Importantly, these health status issues are often not addressed by
physician-scored disease activity instruments (66). In addition to
SLE symptoms, side effects of treatment regimens, which are
known to be burdensome (12,13), may also negatively
impact QoL.

QoL measures used in the included studies are presented
(see Supplementary Appendix C, available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24431/abstract). Due to the degree
of heterogeneity in the included studies in terms of patient popula-
tions, disease stage, current treatments, and tools employed to
assess QoL a direct comparison between all studies is not feasi-
ble. However, there were general trends across the studies,
including a consistently reported decrease in QoL that was asso-
ciated with either living with SLE or receiving treatment for SLE.

Unmet needs of SLE in the APAC region. The findings of this
TLR highlight important unmet needs for SLE patients in the
APAC region. There is a need for novel therapies that are not only
more efficacious than what is currently available, but also have a
favorable safety profile for SLE patients. There is also an unmet
need for treatment options for patients with severe, refractory dis-
ease (such as lupus nephritis). Biomarker tests for earlier and/or
improved diagnosis of SLE with difficult-to-diagnose manifesta-
tions and tests that predict disease prognosis would allow physi-
cians to personalize SLE treatments for individual patients with
SLE and highlight another area of unmet need.

Moreover, there is an unmet need for improved HRQoL for
SLE patients in the APAC region. The most commonly reported
patient-perceived unmet needs (>65% of patients) were tired-
ness, pain, not being able to do things that the patient used to
do, fear of flares, sleeping problems, anxiety/stress, and feeling
down/depressed (4). In addition, given the prevalence of comor-
bidities in patients with SLE and their impact on SLE treatment
costs, there is an unmet need for SLE therapies that address the
comorbidity burden in SLE. The chronic, progressive nature of
SLE and the high levels of unmet need undoubtedly lead to

substantial direct and indirect costs worldwide and highlight that
innovation in care is required for SLE patients in the APAC region.

DISCUSSION

The results of the current TLR highlight that the APAC popu-
lation has higher clinical disease severity, significantly higher mean
and maximum SLE disease activity, increased susceptibility to
renal involvement, and a higher proportion of autoantibody posi-
tivity and organ damage accrual (3). Additionally, SLE in the APAC
region is associated with early mortality. High economic burden
was consistently reported across the geographies of interest,
which indicates that SLE in the APAC region is associated with a
substantial annual per-patient health care expenditure, which
increases with disease severity. The findings also indicate a signif-
icant decrease in QoL associated with SLE in the APAC region.

Long-term glucocorticoid treatment is burdensome for
patients and can result in low patient satisfaction and poor adher-
ence. Given that adherence negatively impacts treatment out-
comes (24), there is an unmet need for therapies that are less
burdensome than glucocorticoids and therefore improve adher-
ence in SLE patients in the APAC region.

The Asian population has a higher risk of developing SLE
compared with other ethnicities, given the genetic susceptibility
to certain types of polymorphisms as well as environmental fac-
tors (84). SLRs that included non-Asian SLE patients (from the
APAC region as well as geographic regions beyond the scope of
this review), highlight key differences in terms of SLE epidemiol-
ogy and disease burden compared with the Asian population in
the APAC region (2-4,85-88) (see Supplementary Appendix D,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24431/abstract). White
individuals across the US, Europe, and Canada have lower rates
of SLE compared with Asian populations (3,85). SLE incidence
is also lower among the White population in Australia compared
with Aboriginal and Torres Strait Islander people (3,4). In a
cross-ethnicity study (2), SLE incidence rates were highest in the
Afro-Caribbean population, followed by Asian and White popula-
tions (31.9, 4.1, and 3.4 per 100,000 person-years, respectively)
(2,86). Disease burden has been reported to be more severe
among Asians compared with non-Asian populations (87,88).
Asian patients have higher disease activity, higher rates of hospi-
talization due to flares, and a higher incidence of renal disease
compared with White patients with SLE (83,87,88). This highlights
the need for close monitoring of Asian patients with SLE, who
may be at risk of more severe disease.

The present review was conducted according to the
PRISMA Statement guidelines; however, there were some limita-
tions. Data gaps made generalization and regional comparisons
difficult. For example, the same efficacy outcomes were not
reported for all clinical studies, and different HRQoL tools were
used to measure humanistic burden. Variations between
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geographic regions may be due to differences in reporting and/or
diagnostic methods, and deriving an average in terms of overall
prevalence, severity, mortality, etc. was not possible. Assessment
of quality and/or risk of bias in the included studies was not per-
formed, since this was a TLR. The overall scope of this review
was also limited by data gaps specific to the APAC region, which
are highlighted below. Future research should focus on addres-
sing the evidence gaps that make understanding the burden of
disease specific to APAC patients challenging. Research is also
needed in the APAC region to drive drug development and clinical
studies specific to this region. SLE is a burdensome disease and
therefore innovation in care is needed from both patient and soci-
etal perspectives.

This TLR has identified a paucity of data relevant to the APAC
region, particularly for Australia, Singapore, and Taiwan. In addi-
tion, a consistent definition of SLE is lacking across the APAC
region. There is limited recent data on the prevalence and inci-
dence of SLE in the APAC region, which is essential to assess
the burden and impact of the disease in these regions.

Clinical studies that assess the efficacy and safety of SLE
interventions in specific regions and ethnicities that make up the
APAC population are lacking. In addition, studies with abatacept,
leflunomide, methotrexate, and mizoribine, as well as real-world
data with belimumab in the APAC region are lacking. Several clini-
cal efficacy outcomes relevant to SLE were not identified by the
present TLR and represent further gaps in knowledge of SLE in
the APAC region. Identification of disease biomarkers and diagnos-
tic tests that could stratify patients and predict treatment response
may aid development of successful therapies for SLE, however
data on SLE biomarkers is lacking for patients in the APAC region.

Data on disease activity or damage was not available for
Singapore or Taiwan, and diagnostic or classification criteria and
disease severity tools were not cited. A study from the US per-
spective found that patients who receive early diagnosis experi-
ence lower flare rates and less health care utilization compared
with those who are diagnosed later (89); yet despite the impor-
tance of prompt diagnosis on both clinical and economic out-
comes, data on misdiagnosis rates are lacking in the APAC
region.

Limited data was identified to describe the total economic
burden of SLE in the APAC region, with no studies reporting data
from Australia and Singapore. Analysis of the identified evidence
was challenging due to considerable variations in study publica-
tion date, adopted currency, reference year, and the interventions
used. In addition, data on resource use of patients with SLE is
lacking. Further, there was limited geographic coverage of data
on humanistic burden of SLE in the APAC region, with no studies
reporting QoL specific to Singaporean or Taiwanese populations;
direct comparison was challenging.

Although SLE is a disease with a high burden of comorbidi-
ties, including cancer, cardiovascular, renal, liver, rheumatologic
and neurologic diseases, there is a clear lack of evidence on

SLE-related comorbidities and the impact of treatment on such
comorbidities, and HRQoL of patients. There is consequently a
need for further research to address the evidence gaps for SLE
in the APAC region.

Overall, this review has summarized the epidemiology and
disease burden of SLE in the APAC region, along with the treat-
ment landscape of SLE. The findings clearly indicate an unmet
need for innovation in care, as well as a paucity of data specific
to patients with SLE in the APAC region. The lack of relevant,
comparable, and robust data presents a significant challenge in
analyzing the trends across the regions of interest, and more
research in this area is clearly warranted.
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Timing of Childhood-Onset Systemic Lupus
Erythematosus Diagnosis Relative to Menarche
and the Impact on Final Adult Height
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Objective. The aim of this study was to examine the impact of timing of a childhood-onset systemic lupus
erythematosus (SLE) diagnosis relative to menarchal status, on final height, accounting for disease-associated factors.

Methods. We conducted a cohort study of female patients age <18 years at childhood-onset SLE diagnosis, fol-
lowed at a tertiary care pediatric center from July 1982 to March 2016 and restricted to patients with documented
age of menarche and final height. We compared final height between patients diagnosed pre- and postmenarche.
We tested the association of the timing of childhood-onset SLE diagnosis with final height, adjusted for ethnicity, in lin-
ear regression models. We performed subgroup analyses of patients with growth during follow-up, additionally adjust-
ing for average daily corticosteroid dose and disease activity.

Results. Of 401 female childhood-onset SLE patients in the study, 115 patients (29%) were diagnosed premenarche
and 286 (71%) postmenarche. Patients diagnosed premenarche were older at menarche compared with patients
diagnosed postmenarche (mean 4+ SD age 13.5 + 1.4 versus 12.5 &+ 1.3 years; P < 0.001). The mean + SD final height
for girls diagnosed postmenarche (161.4 + 6.9 cm) was greater than for those diagnosed premenarche (158.8 + 7.3 cm;
P = 0.001). In regression analysis, those diagnosed postmenarche were significantly taller than those diagnosed preme-
narche, as adjusted for ethnicity and disease severity (mean + SD = 2.6 + 0.7 cm; P = 0.0006).

Conclusion. In this large cohort study of girls with childhood-onset SLE, patients diagnosed postmenarche
achieved a taller final height than those diagnosed premenarche, even after accounting for ethnicity and disease

severity.
INTRODUCTION

Adult height is determined by the interaction of multiple fac-
tors, including genetics and environmental influences such as
nutrition and socioeconomic status (1-3). Chronic medical condi-
tions in childhood can adversely impact growth. Specifically,
active, chronic disease can limit food intake, impair nutrient
absorption, cause direct nutrient losses, increase metabolic
requirements, and impair transport to target tissues (4). Addition-
ally, some treatments such as corticosteroids may contribute to
growth retardation or accelerate epiphyseal closure (5).

Systemic lupus erythematosus (SLE) is a chronic
inflammatory autoimmune disease that can affect any organ
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system. The clinical course varies from mild to a severe, life-
threatening disease. Up to 20% of patients with SLE are esti-
mated to have been diagnosed during childhood and adoles-
cence (6). Childhood-onset SLE is associated with higher
disease activity at presentation and during clinical course, a
greater prevalence of renal and neuropsychiatric lupus, and
more disease-associated organ damage accrual, compared
to adult-onset SLE (6-8). Another difference between
childhood-onset SLE and adult-onset SLE are the potential
impacts of disease and medications on linear growth and final
height, effects seen only in patients with childhood-onset SLE.

Linear growth accelerates markedly in midpuberty, in the
context of a pubertal growth spurt. There is wide variation in
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SIGNIFICANCE & INNOVATIONS

+ This is the largest study to date examining the rela-
tionship between the timing of childhood-onset sys-
temic lupus erythematosus diagnosis in relation to
menarche and the impact on adult height.

+ Patients diagnosed postmenarche achieved a taller
final height by 2.6 c¢cm than those diagnosed
premenarche.

+ Patients diagnosed premenarche had a longer
growth period vulnerable to impairment by dis-
ease and therapy, compared to those diagnosed
postmenarche.

timing of the growth spurt. In girls, peak height velocity occurs, on
average, 6 months prior to menarche (9). The growth spurt lasts
for approximately 2 years until girls attain their final adult height.
As aresult, the timing of childhood-onset SLE diagnosis may have
significant impacts on linear growth and, subsequently, final adult
height related to disease activity and medication side-effects. Few
studies have described the final height achieved in patients diag-
nosed with childhood-onset SLE (10,11). No prior study has
examined the relationship of menarchal status at childhood-onset
SLE diagnosis and final adult height. The aim of this study was to
examine the impact of timing of childhood-onset SLE diagnosis
relative to menarchal status, on final height, accounting for ethnic-
ity and disease-associated factors.

PATIENTS AND METHODS

Study design. We conducted a cohort study of female
patients diagnosed with childhood-onset SLE and followed in
our multiethnic Lupus Clinic at The Hospital for Sick Children,
Toronto from July 1, 1982 to March 31, 2016. All patients in
our study fulfilled >4 American College of Rheumatology (ACR)
(12) and/or Systemic Lupus International Collaborating Clinics
(SLICC) classification criteria for SLE (13) and were diagnosed
prior to age 18 years. Clinical and laboratory data were pro-
spectively collected and stored in a central database. We
restricted our cohort to include patients with documented date
of menarche and those who achieved final height during our
study period. We excluded those with documented vertebral
collapse confirmed by plain radiography of the vertebral spine
(n = 15), as vertebral collapse would affect our main outcome
of interest, height. We also excluded patients who received
growth hormone therapy (n = 4). The study was approved by
the Research Ethics Board at The Hospital for Sick Children
(REB# 1000052416).

We extracted the date of childhood-onset SLE diagnosis and
self-reported date of menarche from our database, to determine
menarchal status at the time of childhood-onset SLE diagnosis.
We divided patients into 2 groups: patients diagnosed with

childhood-onset SLE before menarche (premenarche group)
and those who were diagnosed after menarche (postmenarche
group). Among those patients included in our final cohort, we
extracted physician and self-rated Tanner stage from our data-
base (14). There is evidence that self-rated Tanner staging is a
valid measure of evaluating sexual maturation in epidemiologic
studies (15-17). We restricted our data to the first Tanner stage
recorded within 365 days before or after childhood-onset SLE
diagnosis.

Final height. Barefoot standing height measurements
(cm) were recorded with a stadiometer at each clinic visit. In
patients who lacked a recorded longitudinal height in the data-
base, we extracted data from hospital medical records. Height
measurements were quality checked for potential measurement
and data entry errors by reviewing height trajectories for individ-
ual patients. An outlier height measurement was defined as a
height value >5 cm different from earlier or later measures, within
1 year. These outlier values were replaced with the nearest pre-
ceding or subsequent height measurement. We defined final
height as the height when growth velocity was <1 cm per year
for 2 consecutive years or the height at age 18 years, whichever
occurred first. Standardization of height was expressed as a Z
score using the 2007 World Health Organization (WHO) growth
reference (18).

Additional covariates. From the database, we extracted
self-reported ethnicity, categorized as European, East and South-
east Asian, African and Caribbean, South Asian, Hispanic and
Amerindian, and mixed ethnicity (Canada census categories).
Analyses included a category for missing ethnicity. We reviewed
ACR and SLICC SLE clinical and laboratory features from diagno-
sis to the last clinic visit. Lupus nephritis was defined as confirmed
by biopsy results and was subclassified based on either the WHO
or International Society of Nephrology/Renal Pathology Society
2003 classification criteria (19,20). Laboratory features included
the presence of hemolytic anemia, leukopenia (<4,000/mm?%),
lymphopenia (<1,500/mm?3), thrombocytopenia (<100,000/mm?),
antinuclear antibody, anti—double-stranded DNA (anti-dsDNA),
anti-Sm, anti-RNP, anti-Ro, anti-La, anticardiolipin antibodies, and
lupus anticoagulant.

To study the association of steroid treatment, disease activ-
ity, and disease damage with final height, we performed a sub-
group analysis in patients with demonstrated growth following
childhood-onset SLE diagnosis. This subgroup analysis included
all those diagnosed premenarche and a subset of patients diag-
nosed postmenarche with continued growth (=1 cm of growth
per year for 2 consecutive years). We calculated disease duration
as the date from SLE diagnosis to the date of achieving final
height. The cumulative corticosteroid dose in prednisone equiva-
lents was calculated from the date of diagnosis to the date of
achieving final height and reported in mg/kg of body weight (21).
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We extracted data on disease activity score measured by the
Systemic Lupus Erythematosus Disease Activity Index (SLEDAI)
at each clinic visit (22). A cumulative SLEDAI score over time
was determined by calculating the area under the curve of serial
measurements of the SLEDAI score from diagnosis to date of
achieving final height using the trapezoidal rule (23). We calcu-
lated the average daily SLEDAI score by calculating the cumula-
tive SLEDAI score over time divided by disease duration. We
also assessed irreversible damage using the SLICC/ACR Dam-
age Index (SDI) (24). Parental height was available in a subset of
our population. We compared the proportion of patients whose
final height was shorter than the predicted midparental height
range (25), between the premenarche and postmenarche groups.

Statistical analysis. We compared means + SDs of final
height and final height Z scores between patients in the preme-
narche and postmenarche groups using Student’s t-tests. We
compared frequencies of clinical and laboratory features between
premenarche and postmenarche groups using chi-square and
Fisher’s exact tests. A Bonferroni correction was applied and set

the threshold for significance at 0.005 for 10 variables of clinical
and laboratory feature comparisons.

We tested the association of premenarche childhood-onset
SLE diagnosis (compared with postmenarche) and final height
using univariate and multivariable linear regression models,
adjusted for ethnicity categories and the presence of lupus
nephritis and neuropsychiatric features, as indicators of disease
severity, and anti-dsDNA antibodies, an SLE manifestation more
prevalent in the premenarche group compared to the postme-
narche group. We did not include age of childhood-onset SLE
diagnosis in our multivariable models since it was highly collinear
with our main exposure, menarche status at diagnosis. P values
less than 0.05 were used to indicate statistically significant
differences.

To assess the effect of disease activity and steroid exposure
on final height, we completed a subgroup analysis of patients with
postmenarche-diagnosed childhood-onset SLE, with demon-
strated growth following childhood-onset SLE diagnosis, and
those diagnosed before menarche. We restricted the analysis to
this subpopulation since they had demonstrated growth, and

Table 1. Baseline characteristics of patients based on timing of childhood-onset SLE diagnosis*

Premenarche Postmenarche
Characteristic (n=115) (n = 286) P
Age at diagnosis, mean =+ SD years 107+ 22 151 +16 <0.001
Age at menarche, mean + SD years 135+ 14 12514 <0.001
Self-reported ethnicityt
European 33(28.7) 81(28.3) 0.65
East and Southeast Asian 29 (25.2) 77 (26.9) -
African and Caribbean 21(18.3) 48 (16.8) -
South Asian 19 (16.5) 36(12.6) -
Hispanic and Amerindian 4 (3.5) 13 (4.5) -
Mixed ethnicity 7(6.1) 16 (5.6) -
SLE clinical features
Malar rash 93 (80.9) 233 (81.5) 0.89
Discoid rash 6(5.2) 9(3.1) 0.32
Photosensitivity 43 (37.4) 85 (29.7) 0.14
Oral or nasal ulcers 56 (48.7) 112 (39.2) 0.08
Arthritis 82 (71.3) 207 (72.4) 0.83
Serositis 23(20.0) 41 (14.3) 0.16
Neuropsychiatric lupus 29 (25.2) 77 (26.9) 0.73
Lupus nephritis 60 (52.2) 101 (35.3) 0.001
Class Il 3(5.0) 9(9.1) 0.78
Class lll or IV 42 (70.0) 58 (58.6) 0.0009
Class Il or IV +V 5(8.3) 13(13.1) 0.36
Class V 9 (15.0) 20(20.2) 0.42
No biopsy 101.7) 1(1.0) 0.50
SLE laboratory features
Hematologic involvement 100 (87.0) 237 (82.9) 0.31
Antinuclear antibodies 115(100.0) 283(99.0) 0.27
Anti-dsDNA 94 (81.7) 187 (65.4) 0.007
Anti-Sm 57 (49.6) 99 (34.6) 0.005
Anti-RNP 53 (46.1) 121 (42.3) 0.49
Anti-Ro 57 (49.6) 105 (36.7) 0.02
Anti-La 25(21.7) 46 (16.1) 0.18
Lupus anticoagulant 25(21.7) 43 (15.0) 0.1
Anticardiolipin 55 (47.8) 111 (38.8) 0.10

* Values are the number (%) unless indicated otherwise. Anti-dsDNA = anti-double-stranded DNA;
SLE = systemic lupus erythematosus.
t Missing ethnicity data for 2 patients in premenarche group and 15 patients in postmenarche group.
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hence their final height was potentially impacted by measured dis-
ease activity and steroid exposure. We compared medians and
interquartile ranges (IQRs) of disease duration, average daily ste-
roid dose, and the average daily SLEDAI score between the
2 groups using Kruskal-Wallis tests. The time to first SDI score
of >1 was calculated according to the Kaplan-Meier survival anal-
ysis. Among girls in the postmenarche group, we compared final
height, age of diagnosis, age of menarche, and time from menar-
che to disease in girls with demonstrated growth and those with-
out demonstrated growth. Sensitivity analyses added Tanner
stage ratings to our main analyses and tested the association of
Tanner stage and final height in the same univariate and multivar-
iable main models. Statistical analyses were performed by using
SPSS statistical software and RStudio.

RESULTS

Our cohort included 564 female patients diagnosed with
childhood-onset SLE and followed in our center during the study
period. Of those patients, 420 (75%) had age of menarche and
age of achieving final height documented in the medical record.
We excluded 15 patients with vertebral collapse and 4 patients
who received growth hormone therapy. A total of 401 patients
were included in the study (see Supplementary Figure 1, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24461/abstract). There was no differ-
ence in baseline demographic or clinical features between those
excluded and included in the study.

The mean age of childhood-onset SLE diagnosis in the total
cohort was 13.8 + 2.7 years. The mean + SD age of menarche
was 12.8 + 1.5 years, with 115 patients (29%) diagnosed with

P 0.001
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Figure 1. Means of final height of patients based on timing of
childhood-onset systemic lupus erythematosus (SLE) diagnosis. Bar
graph comparing the mean final height (cm) of patients diagnosed
with childhood-onset SLE premenarche and postmenarche. Whis-
kers represent the SD. P value was calculated from an unpaired
t-test.

childhood-onset SLE prior to menarche and 286 patients (71%) diag-
nosed postmenarche. Patients in the premenarche group were older
at menarche compared with patients in the postmenarche group
(mean + SDage 13.5 + 1.4 versus 12.5 + 1.3 years; P < 0.001).

There were 17 patients with missing ethnicity data from the
record. The remaining cohort was comprised of patients of
European (30%), East and Southeast Asian (28%), African and
Caribbean (18%), South Asian (14%), Hispanic and Amerindian
(4%) and mixed ethnicity (6%), reflecting the ethnic diversity of
our patient population. Timing of menarche did not differ signifi-
cantly among ethnic groups (Table 1).

The prevalence of SLE clinical and laboratory features from
diagnosis to last clinic visit is shown in Table 1. Clinical features
were not significantly different between premenarche and postme-
narche groups, except for lupus nephritis, which was more preva-
lent in the premenarche group versus those in the postmenarche
group (52.2% versus 34.6%; P = 0.001). Among those with lupus
nephritis, patients in the premenarche group had more proliferative
lupus nephritis (class Il or IV) than patients in postmenarche group
(70.0% versus 58.6%; P = 0.0009). The girls with premenarchal-
onset SLE were more likely to have anti-dsDNA antibodies than
those with postmenarchal disease onset (81.7% versus 65.4%;
P = 0.001). The presence of autoimmune cytopenias and other
extractable nuclear antigens and antiphospholipid antibodies was
not significantly different between the groups (Table 1).

The mean =+ SD final height of all patients in this cohort was
160.6 £ 7.1 cm (Z score -0.38 & 1.10). Patients in the postme-
narche group attained a significantly greater final height than
patients in the premenarche group, with mean + SD final heights
of 161.4 + 6.9 cm and 158.8 + 7.3 cm, respectively (Figure 1).
The mean + SD final height Z score in the postmenarche group
was greater than the mean Z score in the premenarche group
(-0.27 + 1.07 versus —0.66 + 1.13; P = 0.001). When we strati-
fied by ethnicity, the final heights of patients in the premenarche
and postmenarche groups were not significantly different (Figure 2).

Patients diagnosed with childhood-onset SLE postme-
narche achieved a final height, on average, 2.6 cm taller than
patients diagnosed premenarche in univariate, linear regression
models and in multivariable models (2.6 cm [95% confidence
interval (95% Cl) 1.1, 4.1]; P < 0.001) (Table 2), accounting for
ethnicity, the presence of nephritis, neuropsychiatric involvement,
and anti-dsDNA positivity.

Subgroup analysis restricted to 99 patients with demon-
strated growth following childhood-onset SLE diagnosis (35% of
the postmenarche group), compared final height to patients
diagnosed premenarche. In this subgroup analysis, there was no
significant difference in final height between the premenarche and
postmenarche groups (mean + SD premenarche 158.8 & 7.3 cm,
postmenarche 160.5 £+ 7.1 cm; P = 0.09). When we compared
the premenarche group to the postmenarche group with no
growth, the difference in final height was most marked
(Table 3).
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Figure 2. Means of final height of patients based on timing of childhood-onset systemic lupus erythematosus (SLE) diagnosis, categorized by
ethnicity. Bar graph compares the mean final height (cm) of patients diagnosed with childhood-onset SLE premenarche and postmenarche, strat-
ified by ethnic group. Whiskers represent the SD. P value was calculated from an unpaired t-test.

In subgroup analyses examining corticosteroid exposure
and disease activity in those with demonstrated growth, the pre-
menarche group had higher cumulative corticosteroid exposure
compared to the postmenarche group (median 355 mg/kg [IQR
226, 636] versus 171 mg/kg [IQR 42, 279]; P < 0.001) and longer
duration of corticosteroid therapy (median 3.9 years [[QR 2.2, 5.7]
versus 1.7 years [IQR 0.3, 2.8]; P < 0.001). This finding corre-
sponded to longer disease duration before completing growth in
the premenarche group compared to the postmenarche group
(Table 4). We did not observe a difference in average daily SLEDAI
score between the premenarche and postmenarche groups
(median 2.6 [IQR 1.3, 3.6] versus 2.8 [IQR 1.6, 3.9]; P = 0.39)
(Table 4). Kaplan—Meier survival analysis demonstrated no signifi-
cant difference in time to first sustaining disease damage (SLICC
score >1) during follow-up between these 2 groups (P = 0.4)

(see Supplementary Figure 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24461/abstract).

In subgroup analyses, those diagnosed postmenarche who
had demonstrated growth were 1.7 cm taller on average than
those diagnosed premenarche (95% CI -0.3, 3.6), but this differ-
ence did not achieve statistical significance (P = 0.09) (Table 4).
There was also no difference in multivariable analyses adjusted
for ethnicity, lupus nephritis, neuropsychiatric features, daily ste-
roid dose, duration, and disease activity. The following factors
were statistically associated with final height in univariate and mul-
tivariable analyses: ethnicity, total steroid dose, and duration of
steroid therapy (Table 4). Average daily disease activity scores
did not significantly differ between patients in the premenarche
and postmenarche groups (median 2.6 [IQR 1.3, 3.6] versus 2.8

Table 2. Menarche status at childhood-onset SLE diagnosis and final height in female patients*

Univariate analysis

Multivariable analysis

Final height, cm P Final height, cm P

Postmenarche 2.6(1.1,4.1) <0.001 2.6(1.1,4.1) <0.001
Lupus nephritis -14(-2.8,0.1) 0.06 -05(-19,1.0) 0.54
Neuropsychiatric lupus -1.3(-2.9,0.3) 0.10 -1.5(-3.0,0.0) 0.047
Anti-dsDNA positivity -1.0(-2.5,0.6) 0.21 0.2(-1.3,1.8) 0.76
Ethnicityt

East and Southeast Asian -5.2(-7.0,-3.4) <0.001 -5.3(-7.2,-3.5) <0.001

African and Caribbean -23(-4.3,-0.2) 0.03 -23(-4.3,-0.2) 0.03

South Asian -5.0(-7.2,-2.8) <0.001 -4.8(-7.0,-2.6) <0.001

Hispanic and Amerindian -3.9(-7.4,-0.5) 0.03 -4.2 (-7.6,-0.8) 0.02

Mixed ethnicity 0.1(-3.0,3.1) 0.96 -0.1(-3.1,3.0) 0.98

* Values are the number (95% confidence interval) unless indicated otherwise. Analyses included n = 401 girls:
115 diagnosed with systemic lupus erythematosus (SLE) premenarche, 99 diagnosed with SLE postmenarche.

Anti-dsDNA = anti-double-stranded DNA.
T European referent.
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Table 3. Comparison of 3 groups: patients with diagnosis at premenarche, at postmenarche with growth, and at postmenarche with no growth*

Postmenarche, Postmenarche,
Premenarche with growth no growth
(n=115) (n=99) (n=181) Pt

Final height, mean £ SD cm 1588+ 7.3 160.5 + 7.1 1619+ 6.8 0.001
Height Z score, mean £ SD -0.66 £1.13 -041+£1.10 -0.19 £ 1.04 0.002
Height percentile, mean + SD 33+30 39 +£29 44 + 29 0.005
Age at diagnosis, mean = SD years 107 £22 139+£14 157+£13 <0.001
Age at menarche, mean + SD years 135+£14 125+13 125+15 <0.001
Time from menarche to diagnosis, years -23(-3.7,-1.2) 1.2(0.8,1.9) 3.2(2.2,39) <0.001
Disease duration before achieving 6.1(4.8,7.7) 29(2.0,3.8) - <0.001

final height, years
Total steroid dose, prednisone equivalent, 355 (226, 636) 171 (42, 279) - <0.001

mg/kg
Total steroid duration, years 39(2.2,57) 1.7(0.3,2.8) - <0.001
Average daily SLEDAI score 26(1.3,3.6) 2.8(1.6,3.9) - 0.38

* Values are the median (interquartile range) unless indicated otherwise. SLEDAI = Systemic Lupus Erythematosus Disease Activity Index.

t P values by Kruskal-Wallis test.

[IQR 1.6, 3.9]; P = 0.38) (Table 3). In univariate and multivariable
models, disease activity scores were not associated with final
height.

Within the postmenarche group, girls with demonstrated
growth and those without growth had a similar age of menarche
(mean + SD age 12.5 + 1.4 years). However, girls with demon-
strated growth were diagnosed at a younger age (mean + SD
age 13.9 + 1.5 years versus 15.7 + 1.3 years; P < 0.001), with
a shorter time from menarche to childhood-onset SLE diagnosis
(mean £+ SD 1.2 + 1.2 years versus 3.1 + 1.8 years; P < 0.001)
(Table 3).

We calculated predicted final height based on parent-reported
height in 49 patients (19 in the premenarche group, 30 in the post-
menarche group). We found that 10% of the girls had a final height
lower than the predicted final height, based on midparental height,
with no difference by menarche status at diagnosis (16% of preme-
narche versus 7% postmenarche; P = 0.36)

A total of 203 girls had Tanner stage documented
within 1 year of childhood-onset SLE diagnosis (mean + SD
22 + 66 days), with 70% having Tanner stage documentation
contemporaneous with SLE diagnosis. A total of 9% were
determined to be at Tanner stage 1, 20% at Tanner 2, 8% at Tan-
ner 3, 32% at Tanner 4, and 32% at Tanner 5. Sensitivity analyses
adding Tanner staging to multivariable analyses demonstrated
that girls assessed to be at Tanner stage 5 at diagnosis
achieved an 8.8 cm greater final height than girls at Tanner 1 at
diagnosis (SE 3.4 cm; P = 0.009). Girls at Tanner 4 were 7.6 cm
taller (SE 3.2 cm; P = 0.02), and those at Tanner 3 were 5.0 cm
taller (SE 2.4 cm; P = 0.04) than girls assessed to be at Tanner
stage 1 at diagnosis. There was no significant difference in final
height between girls at Tanner 2 versus Tanner stage 1 at diagno-
sis (see Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24461/abstract).

Table 4. Subgroup analyses of girls with demonstrated growth: menarchal status at childhood-onset SLE diagnosis and final height, univariate

and multivariable linear regression*®

Univariate analysis Multivariable analysis

Final height, cm P Final height, cm P

Postmenarche with growth vs. premenarche 1.7(-0.3,3.6) 0.09 -0.6(-2.7,1.5) 0.57
Lupus nephritis -1.6(-3.6,0.3) 0.10 1.5(-0.8, 3.8) 0.20
Neuropsychiatric lupus -2.9(-5.3,-0.5) 0.02 -0.7(-3.2,1.8) 0.60
Anti-dsDNA positivity -1.2(-3.5,1.2) 0.33 0.5(-2.1,3.2) 0.69
Ethnicityt

East and Southeast Asian -4.0(-6.5-1.4) 0.002 -4.0(-6.5,-1.6) 0.001

African and Caribbean -2.4(-5.5,0.6) 0.12 -1.7(-47,13) 0.26

South Asian -43(-74,-1.2) 0.007 -3.3(-6.3,-0.3) 0.03

Hispanic and Amerindian -5.3(-10.6,-0.1) 0.048 -3.6(-8.7,1.5) 0.17

Mixed ethnicity -3.0(-7.3,1.3) 0.17 -2.2(-6.3,1.9) 0.30
Cumulative steroid dose, prednisone equivalents of 10 mg/kg -0.08 (-0.10, -0.05) <0.001 -0.08 (-0.13, -0.03) 0.001
Total steroid duration, years -0.8(-1.2,-0.5) <0.001 -0.2(-0.8,0.4) 0.52
Average daily SLEDAI score -0.1 (-0.6,0.5) 0.75 0.3(-0.3,0.9) 0.39

* Values are the number (95% confidence interval) unless indicated otherwise. Subgroup analyses included n = 214 girls: 115 diagnosed with
systemic lupus erythematosus (SLE) premenarche, 99 diagnosed with SLE postmenarche. Anti-dsDNA = anti-double-stranded DNA;

SLEDAI = Systemic Lupus Erythematosus Disease Activity Index.
t European referent.
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DISCUSSION

In this large multiethnic cohort study, we found that the tim-
ing of childhood-onset SLE diagnosis as it relates to menarchal
status had an impact on final adult height. Female patients diag-
nosed with childhood-onset SLE after menarche achieved a taller
final height compared to those diagnosed before menarche, after
we accounted for ethnicity, the presence of lupus nephritis, neu-
ropsychiatric features, and anti-dsDNA antibodies. These findings
were likely the result of a longer growth period vulnerable to
impairment by disease and therapy among patients diagnosed
premenarche compared to postmenarche.

Our findings are consistent with prior studies examining the
impact of timing of childhood-onset SLE diagnosis on growth.
The Paediatric Rheumatology International Trials Organisation
longitudinal study examined 331 male and female patients with
active childhood-onset SLE disease who required new or
increased doses of corticosteroids and/or immunosuppressants
(10). There was a significant reduction in the parent-adjusted
height Z score after a 26-month follow-up. Examining the impact
of age at disease onset on height demonstrated that females with
age of onset less than 12 years had a marked reduction of height
Z score with no catch-up growth over this 26 month study period,
and the study did not include final adult height and pubertal status
in individuals during the study period (10). A cross-sectional study
of adults with childhood-onset SLE demonstrated that patients
with childhood-onset SLE were, on average, 2.4 cm shorter than
their target height. The 17 female patients diagnosed with
childhood-onset SLE between age 11 and 13 years had the
greatest risk for reduced final height, compared to patients with
adult-onset disease; however, the authors of that study did not
report on the relationship between age of diagnosis and menar-
chal status in individuals (11).

Comparison of SLE features in our cohort demonstrated a
higher proportion of lupus nephritis in the premenarche group
compared to the postmenarche group. Two studies of patients
with childhood-onset SLE also demonstrated that lupus nephritis
was more frequent in prepubertal patients or patients of younger
age at onset, than postpubertal patients with later childhood-
onset SLE (26,27). We found that the presence of anti-dsDNA
antibodies was more common in patients diagnosed preme-
narche compared to those diagnosed postmenarche. This finding
is in contrast to a prior retrospective study comparing SLE fea-
tures across age groups that did not show any significant differ-
ence in anti-dsDNA antibodies between school-age children (7-
11 years) and adolescent groups (12-18 years) (28). Although
there was a higher proportion of patients in the premenarche
group with lupus nephritis and anti-dsDNA antibodies, we did
not find a significant impact of these 2 features on final height in
univariate and multivariable regression analyses.

Our study found that patients diagnosed prior to menarche
experienced menarche at an older age compared to those diag-
nosed postmenarche. This finding suggests that in the

premenarche group, childhood-onset SLE may have delayed
menarche but also provided an increased interval for growth to
achieve final adult height. Despite this longer duration of growth,
the group diagnosed prior to menarche remained shorter on aver-
age than those diagnosed after menarche.

To determine the relative impact of disease activity and cor-
ticosteroid exposure on final height, we completed a subgroup
analysis on the population with demonstrated continued growth
following childhood-onset SLE diagnosis. When we compared
patients diagnosed before menarche to those with growth post-
menarche (i.e., diagnosis of childhood-onset SLE closer to
menarche), we no longer found a significant difference in final
height. This finding was also true after accounting for disease
activity, which was comparable between the groups, and total
prednisone exposure and duration of steroid exposure, both
higher in the premenarche group. However, similar final heights
in this subgroup analysis meant that we could not parse out
attribution for height difference to disease activity versus steroid
exposure. The lack of difference in final height likely reflects a
greater impact of childhood-onset SLE diagnosis on final height
among girls diagnosed more recently postmenarche, compared
to girls who completed growth well before childhood-onset SLE
diagnosis. Our findings are similar to a previous longitudinal
study of 25 patients with childhood-onset SLE followed over
2 years that found no association between the severity of dis-
ease activity at disease onset and development of growth
failure (29).

Sensitivity analyses adding Tanner staging to our multivari-
able models highlighted the linear relationship between advanced
sexual maturation rating (Tanner staging) at diagnosis, and taller
final height. We observed the greatest difference in final height
between girls with the most advanced sexual maturation and
those who were least advanced. The difference in final height
compared to Tanner 1 gradually decreased with decreasing Tan-
ner stage at diagnosis. This finding further supported our obser-
vation that more advanced sexual maturation at childhood-onset
SLE diagnosis protected patients’ final height from the negative
impacts of disease.

Our study had some limitations. We did not routinely screen
for vertebral collapse in asymptomatic patients. Lateral spine
radiographs were only completed in patients with evidence of a
bone-mineral density lowest Z score of less than -2 on dual-
energy x-ray absorptiometry, and/or when patients were symp-
tomatic. Also, parental height was only available in a small propor-
tion of patients, so we did not include midparental height as a
standard comparison in this study.

Our study had a number of strengths. We prospectively col-
lected data on a very large single-center, multiethnic childhood-
onset SLE patient cohort, allowing for examination of the associa-
tion of timing of childhood-onset SLE diagnosis as it relates to
menarchal status on final height. We were able to account for
important potential confounders of the association between the
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timing of menarche and final height, including ethnicity, disease
manifestations, steroid dose, disease activity scores, and disease
damage.

In summary, female patients diagnosed with childhood-
onset SLE postmenarche achieved a taller final height than those
diagnosed with childhood-onset SLE premenarche, even after
accounting for ethnicity, the presence of lupus nephritis, neuro-
psychiatric features, and anti-dsDNA antibodies. Our findings
suggest that girls diagnosed with childhood-onset SLE prior to
menarche require close monitoring of linear growth and pubertal
development. Our findings also highlight the negative impact of
disease on final height, despite delayed menarche and extended
opportunity for growth. However, this difference of 2.6 cm (1 inch)
in final height is arguably an acceptable and necessary cost of
adequate control of severe disease. Future studies on impacts
of the timing of childhood-onset SLE diagnosis and other
disease-associated factors on height velocity, specifically aimed
at defining the relative impact of disease activity and steroid expo-
sure on growth and final height, are needed to define the period of
maximal growth potential before final height is attained.
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Objective. To systematically review and evaluate the prevalence, potential predictors, and prognostic benefits of
remission achievement in patients with systemic lupus erythematosus (SLE).

Methods. Studies reporting on the prevalence, predictors, and prognostic benefits of remission in adult patients
with SLE were searched and selected from PubMed and Embase databases. Studies were reviewed for relevance
and quality. Two reviewers independently assessed the studies and extracted data.

Results. Data from 41 studies including 17,270 patients were included and analyzed. Although no consensus has
been achieved on the definition of remission, clinical disease activity, serologic activity, duration, and treatment are
agreed to be critical components of defining remission status. In most studies published in the recent 5 years, 42.4—
88% of patients achieved and maintained the remission status for 1 year, and 21.1-70% did so for at least 5 years.
Factors associated with remission included older age at diagnosis, lower baseline disease activity, and absence of
major organ involvement, while positive serologic results were shown to be negatively associated with remission.
Remission (especially prolonged remission) when achieved, demonstrated an association with lower accrual of dam-
age and better quality of life among patients with SLE.

Conclusion. Remission is an achievable and desirable target for SLE patients and proven to be associated with
prognostic benefits. Further development and assessment of a clear remission definition, a risk stratification model,
as well as a full algorithm with frequency of monitoring time points for treatment adjustment and drug withdrawal are

required.
INTRODUCTION

Over the past 50 years, the therapeutic strategy for some of
the most common chronic diseases has evolved from a
symptom-based to a target-based approach, such as the man-
agement of hypertension, diabetes mellitus, and cardiovascular
disease. The term “treat-to-target” in diseases requiring long-
term management refers to initiating treatment steps to achieve
a goal that is verified to significantly benefit the disease prognosis.
As for the rheumatic diseases, the treat-to-target approach was

Supported by the Chinese National Key Technology Research and Devel-
opment Program, Ministry of Science and Technology (grants
2021YFC2501301-6 and 2017YFC0907601-5), the Beijing Municipal Science
and Technology Commission (grant Z201100005520022,23, 25-27), and the
Chinese Academy of Medical Sciences (Innovation Fund for Medical Sciences
grant 2021-12M-1-005). Dr. Hsieh’s work was supported by the NIH (Fogarty
International Center grant KO1TW009995).

1Ziyi Yang, MD, Cheng Cheng, MD, Zigian Wang, MD, Jiuliang Zhao, MD,
Qian Wang, MD, Xinping Tian, MD, Mengtao Li, MD, Xiaofeng Zeng, MD:
Peking Union Medical College Hospital, Peking Union Medical College and
Chinese Academy of Medical Sciences, National Clinical Research Center for
Dermatologic and Immunologic Diseases, Ministry of Science and

208

first recommended in the management of rheumatoid arthritis
(RA) (1). Recently, the concept of treat-to-target has been intro-
duced in the spondyloarthritides as well.

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disease affecting multiple organ systems characterized by
a fluctuating disease course. This relapsing-remitting pattern
makes the treatment of SLE typically long term or even lifelong.
This has led to the SLE treat-to-target recommendations pub-
lished in 2014 (2). In 2016, an international expert panel (the Defi-
nition of Remission in SLE [DORIS] project) stated that remission
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SIGNIFICANCE & INNOVATIONS

+ Remission is an achievable and desirable therapeu-
tic target in treat-to-target approaches in treating
patients with systemic lupus erythematosus (SLE)
and is associated with benefits in decreasing
accrual of damage and increasing quality of life.

+ Even though SLE remission has been brought into
focus over the last decade, the definition of remis-
sion remains elusive. This review compares the
prevalence, potential predictors, and prognostic
benefits of remission in the setting of various
definitions.

+ This review highlights the need for well-designed
studies assessing all definitions to identify the one
with superior prognostic value and for developing
a full algorithm with a detailed follow-up and drug
adjustment regimen.

could be considered as a treatment target for patients with SLE.
Although remission is not the same as cure, it is a state that, if sus-
tained, is associated with a lower likelihood of adverse out-
comes (3).

Even though numerous studies focusing on SLE remission
have been published over the last decade, the definition of remis-
sion remains elusive. The prevalence of remission achievement
varies among cohorts and regions. Similar remission-associated
factors and prognostic benefits of remission have been found
by studies, but further confirmation is still required by strictly
designed clinical trials. In this review, the definitions adopted by
the SLE remission—related studies from the 1980s to the present,
as well as the prevalence, possible predictors, and prognostic
benefits of remission of disease, are summarized, and we aim to
evaluate the existing evidence and identify the outstanding
knowledge gaps.

MATERIALS AND METHODS

Search strategy. This systematic review was written in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (4). Two elec-
tronic databases, PubMed and Embase, were used in the search
of published literature from inception to February 18, 2020, inde-
pendently by 2 investigators (ZY and CC). The search was
restricted to English-language publications. Original articles were
included. Reference lists from original articles and reviews were
manually scanned to identify any other eligible studies. The search
keywords in PubMed were the following: “lupus erythematosus,
systemic,” “remission,” “treat to target,” “clinically quiescent,”
“prevalence,”  “frequency,”  “predictor(s),”  “outcome(s),”
“prognosis,” “quality of life,” “damage,” and “disease progres-
sion.” The search keywords in Embase were the following: “lupus

erythematosus, systemic,” “remission,” “treat to target,” “clinically
quiescent,” “prevalence,” “frequency,” ‘“predictive validity,”
“predictor(s),” “outcome(s),” “prognosis,” and “disease exacerba-
tion.” The exact search strategies are provided in Supplementary
Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24464/abstract.

Eligibility criteria and study selection. ZY and CC
independently screened the titles and abstracts of references,
identified articles for full-text review using the inclusion criteria,
and assessed the methodologic quality of the studies. Any dis-
crepancies were resolved through consensus. EH and ML partic-
ipated in resolving disagreements.

Observational studies (case—control or cohort studies) and
clinical trials were included, whereas case reports, literature
reviews, and editorials were excluded. We considered publica-
tions involving adults with SLE, addressing the prevalence, pre-
dictors, and effects on disease outcomes of remission in SLE
patients. Studies were excluded if they focused on pediatric
patients or other autoimmune diseases. When multiple reports
were published on the same study, the report with more complete
information was extracted.

Data extraction. The 2 investigators independently
extracted data from each study using a systematic data extraction
form (available on request) developed for this specific purpose,
including sample size, ethnicity, remission types, and definition,
prevalence, predictors, and prognostic outcome of each remission
category. After extracting data independently from each study, dis-
crepancies were resolved through consensus.

RESULTS

Literature search. The literature search resulted in a total
of 2,992 articles after duplicates were removed. A total of 2,899
articles were excluded after title and abstract screening, and the
full-text manuscripts of the 93 remaining articles were reviewed.
Ultimately, 41 studies were selected for inclusion in the systematic
review. Figure 1 illustrates the PRISMA flow diagram detailing the
process of abstract screening, article selection, and inclusion.

Study characteristics. The main characteristics of the
41 selected studies including 17,270 patients are summarized
in Supplementary Table 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24464/abstract. For the included studies, the geo-
graphic distribution is as follows: 17 from Europe, 15 from North
America, 5 from South America, and 4 from Asia. Most cohorts
were single centered, and no randomized controlled trials were
identified. Included studies were published between 1979 and
2019, and 29 of the 41 included studies had been carried out
in the past 5 years.


https://doi.org/10.1002/acr.24464/abstract
https://doi.org/10.1002/acr.24464/abstract
https://doi.org/10.1002/acr.24464/abstract

210

YANG ET AL

)

Records excluded based on titles and
abstracts (n = 2899):

Study design: review, case report,
editorial or conference abstract

- Other diseases
v Unrelated topics

Pediatric studies
Did not meet inclusion criteria for
other reasons

Full-text articles excluded, with reasons
> (n=52)

Records identified through
s database searching:
‘,a PubMed: 1163
5,‘_:’ EMBASE: 2332
T
@
2
e v
Records after duplicates removed
(n = 2992)
o
=
c
@
g A 4
w
Records screened
(n =2992)
g A 4
s Full-text articles assessed
& for eligibility
(n=93)
A 4
2
2 Studies included in
- qualitative synthesis
= (n=41)

Did not report specific definition for
remission

Did not report remission rate, or
predictors for initiation of remission
Did not report outcomes related to
remission

Did not meet inclusion criteria for
other reasons

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram detailing the process of abstract

screening, article selection, and inclusion.

Definition of remission. The concept of remission was
first described in 1979 as an absence of clinical manifestations
of disease (5-7) or not currently experiencing a symptomatic flare
(8). Subsequently developed disease activity assessment indices
(Systemic Lupus Erythematosus Disease Activity Index 2000
[SLEDAI-2K] [9-11], British Isles Lupus Assessment Group
[BILAG] [12], Systemic Lupus Activity Measure [SLAM] [13,14],
European Consensus Lupus Activity Measure [ECLAM] [15], and
physician global assessment of disease activity [PhGA] [16]) were
adopted by research studies when defining remission. In 2015,
Zen et al (11) proposed the concepts of complete remission, clin-
ical remission without steroids, and clinical remission with low-
dose steroids. In 2016, the DORIS project established guiding
principles for the definitions of remission and agreed on 4 domains
critical to defining remission in SLE: clinical disease activity, sero-
logic activity, state duration, and treatment (3). The majority of
subsequent studies have adopted this definition format. The clas-
sification and definition of remission tends to be unified, with some
differences existing in the assessment index, treatment regimen,
and remission duration. Evolution of this concept is summarized
in Table 1, with additional details shown in Supplementary
Table 3, available on the Arthritis Care & Research website at

http://onlinelibrary.wiley.com/doi/10.1002/acr.24464/abstract.
What should be noticed is that before remission was proposed,
some studies (17-23) used the concept of serologically active
clinically quiescent (SACQ) disease, long quiescence (LQ), and
clinically quiescent disease (CQD) to describe disease status.
A clinical SLEDAI-2K score of 0 with positive anti-double-stranded
DNA (anti-dsDNA) antibody titers and/or hypocomplementemia
were widely adopted as a definition in these studies, which was
similar to the clinical remission definition. The detailed characteris-
tics of these studies are shown in Supplementary Tables 2 and 3,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24464/
abstract.

Prevalence of remission. Remission prevalence varied
among studies, as summarized in Table 2. Before the definition
format was proposed by the DORIS project in 2016, the preva-
lence of remission ranged from 2.5% to 37.4% (5,7,9-
12,24,25). After DORIS established guiding principles for the
definitions of remission, the prevalence of remission was further
subdivided into subgroups. Among the studies evaluating all
4 types or 3 types of remission, prevalence was highest based
on clinical remission on treatment, ranging from 15.6% to
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Table 1. Definitions of remission across included studies*

Treatment
permissible
Duration, Low- IS,

Author, year (ref.) and classification of remission Clinical activity SA years doseGC Bl AM
Drenkard et al 1996 (25)

ND Lack of clinical disease activity Yes >1 No No No
Formiga et al, 1999 (24)

ND Lack of clinical disease activity Yes >1 No No No
Steiman et al, 2014 (10)

ND SLEDAI score =0 Yes >5 No No  Yes
Zenetal 2015 (11)

Prolonged complete remission SLEDAI-2K score = 0 No >5 No No Yes

Prolonged clinical remission without treatment Clinical SLEDAI-2K score =0 Yes >5 No Yes Yes

Prolonged clinical remission with treatment Clinical SLEDAI-2K score =0 Yes >5 Yes Yes  Yes
Medina-Quinoes et al, 2016 (12)

Complete remission BILAG score C, D, or E No >3 No No  Yes

Clinical remission BILAG score C, D, or E Yes >3 No No Yes

Serological remission BILAG score Aor B No >3 Yes Yes  Yes
Mok et al, 2017 (16)

Complete remission without treatment SLEDAI score = O; PhGA score <0.5 No ND No No Yes

Complete remission with treatment SLEDAI score = 0; PhGA score <0.5 No ND Yes Yes  Yes

Clinical remission without treatment Clinical SLEDAI score = 0; PhGA score <0.5  Yes ND No No VYes

Clinical remission with treatment Clinical SLEDAI score = 0; PhGA score <0.5  Yes ND Yes Yes Yes
Romo-Tena et al, 2018 (27)

Complete remission SLEDAI-2K score =0 No >1 No No  Yes

Clinical remission without treatment Clinical SLEDAI-2K score =0 Yes >1 No Yes  Yes

Clinical remission with treatment Clinical SLEDAI-2K score =0 Yes >1 Yes Yes  Yes

* The term ‘clinical’ for the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) refers to symptoms, signs, and routine laboratory
testing, disregarding only the points that can be given for the presence of anti-DNA antibodies and/or low complement. The term ‘serological
activity’ (SA) in systemic lupus erythematosus generally refers to the presence of anti-DNA antibodies and/or hypocomplementemia. Low-dose
glucocorticoids (GC) refers to no more than 5 mg/day of prednisone (or equivalent) (ref. 3). AM = antimalarial; Bl = biological immunomodula-
tor; BILAG = British Isles Lupus Assessment Group; IS = immunosuppressant; ND = not described; PhGA = physician global assessment of dis-

ease activity; SLEDAI-2K = SLEDAI 2000.

49.6% (11,16,26-29). Remission type with the lowest preva-
lence was clinical remission off treatment in 4 studies
(16,26,27,30) and complete remission off treatment in 4 studies
(11,28,29,31).

Before the concept of remission was widely accepted, the
prevalence of SACQ disease was analyzed in some studies, rang-
ing from 6.1% to 9% (6,21,22). Similar criteria included LQ and
CQDs, with prevalence ranging from 16% to 34% (19,23). With
remission criteria developing, the SLEDAI became the most fre-
quently used index in remission definition, with prevalence mostly
ranging from 42.4% to 88.1% (for >1 year) (27,28,31-33) and
28% to 70% (for =5 years) (11,26,28,31,32). In studies employing
both the SLEDAI and PhGA in remission definition, prevalence
ranged from 45.5% to 90.4% (for a single visit) (16,29,30,34)
and 21.1% to 35.5% (for >5 years) (16,29,30). Those using the
BILAG, ECLAM, or SLAM (12,13,15,35) were ~35%.

Currently, the duration used to define a prolonged remission is
not consistent across studies, ranging from 1 to 10 years. Generally,
the longer the duration, the lower the prevalence. In studies pub-
lished after 2015, the prevalence of prolonged remission for 1 year
ranged from 42.4% to 88% in 6 studies (16,27,28,30,32,33), and
that for Syears ranged from 21.1% to 70% in 9 studies

(11,16,26,28-32,36), while only 10.1% of patients achieved remis-
sion for 10 years in the studies by Tselios et al (18,37,38).

Predictors of presence of remission. The majority of the
studies showed that multiple variables had a significant association
with remission, as shown in Table 3. Although factors varied across
studies, consistencies existed. In terms of demographic character-
istics, 3 studies agreed that patients with older age at disease onset
or diagnosis were more likely to achieve remission (10,12,38). Two
studies examined the relationship between ethnicity and remission
and reported that African American ethnicity (39) or non-White eth-
nicity (12) were negatively associated with remission. For baseline
disease activity and organ involvement, 6 studies showed that
higher disease activity prior to remission was negatively associated
with remission (9,10,14,24,27,31). Five studies evaluated the asso-
ciation between organ/system involvement and remission
(11,14,15,31,39), in which nephritis, hematologic activity, mucocu-
taneous and neurologic involvement, arthritis, and vasculitis were
negatively related to remission. Analysis of the association between
laboratory test results with remission revealed that hypocomple-
mentemia, positive baseline anti-dsDNA, and anti-SSB (Ro) were
negatively associated with remission (9,15,39).
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Table 3. Factors associated with systemic lupus erythematosus remission in included studies

*

Author, year (ref.)

Positively associated factors

Negatively associated factors

Ruiz-Irastorza et al, 2019 (31) NR

Ugarte-Gil et al, 2019 (14)

Baseline SLEDAI score and neurologic
involvement, baseline nephritis

Absence of mucocutaneous, renal, and hematologic NR

involvement; use of immunosuppressive drugs before the
baseline visit; lower SLEDAI score at cohort entry

Sebastiani et al, 2018 (15) NR Oral ulcers, arthritis, low C4, anti-SSB (Ro)
antibodies, therapy with mycophenolate

Tselios et al, 2019 (38) Higher mean prednisone dose at enrolliment; older age at NR

disease onset

Novelli et al, 2019 (49) NR CD44v3 on CD8+ T cells and CD44v6 on
CD4+ and CD8+ T cells

Wilhelm et al, 2017 (39) NR African American ethnicity, baseline anti-
double-stranded DNA, low C3, low C4
and hematologic activity

Romo-Tena et al, 2018 (27) NR SLEDAI-2K score at the third month of
follow-up and total number of disease
flares

Urowitz et al, 2005 (9) Lower overall disease activity (SLEDAI score, adjusted mean), NR

lower prevalence of anti-DNA antibodies, lower use of

steroids and antimalarials
Steiman et al, 2014 (10) NR

Medina-Quinoes et al, 2016 (12)
Formiga et al, 1999 (24) NR

Zenetal, 2015 (11) NR

Diagnosed at older age, longer disease duration

Younger at diagnosis, more disease activity
prior to remission

Non-White patients

Higher SLEDAI score (longer to achieve
remission)

Vasculitis, glomerulonephritis, and
hematologic manifestations over
disease course

* NR = not reported; SLEDAI = Systemic Lupus Erythematosus Disease Activity Index; SLEDAI-2K = SLEDAI 2000.

Prognostic benefits of remission. It should be noted that
most studies have demonstrated that achieving remission states is
associated with less damage accrual, reduction in risk of developing
flares, easier glucocorticoid withdrawal, better quality of life, and
reduced mortality (Table 4). The Systemic Lupus International Collab-
orating Clinics/American College of Rheumatology Damage Index
was used in some studies to assess organ damage (40). Some stud-
ies (16,29) emphasized the effect of the percentage of time spent in
remission on damage accrual. The duration varied from 1 to 5 years,
and the percentage of remission in all visits ranged from very small to
at least 50%. A continuous period of remission was more beneficial
than the sum of short periods of remission interspersed with flares
(28). Optimizing the health-related quality of life (HRQoL) of patients
was assessed by the Medical Outcomes Study Short Form 36 (SF-
36) and the Lupus Patient-Reported Outcome questionnaires in
some studies, which found that the percentage of time that lupus
patients stay in remission was associated with a better quality of life
(35). However, a few studies revealed that no significant difference
was found in accrual of damage (27) or mortality (41) between remit-
ted patients and the unremitted ones.

DISCUSSION

Remission has been selected as a target for SLE due to its
attainability, clinical value, and feasibility. The prevalence of

remission in various definitions was generally higher in studies
published in the recent 5 years when compared with older stud-
ies, as shown in Table 2. This may be attributed to a better under-
standing of SLE and advances in therapies in the recent decade.
Additionally, increased awareness of remission as a potential tar-
get is probably another reason.

In recent studies, more than one-half of patients were able to
achieve at least 1 remission state during their follow-up visits (16,
27-32), which makes remission an achievable goal. Moreover, its
clinical value of predicting less accrual of organ damage, reduced
risk of death, lower chance of flare, and better life quality has been
demonstrated in recent studies. Remission is a useful outcome
measure in clinical trials, and failure to achieve remission serves as
an indication for treatment modification or intensification. Addition-
ally, the indices and laboratory results used to determine remission
are commonly part of routine clinical order sets, thus enhancing its
feasibility. Although the concept of Lupus Low Disease Activity
State (LLDAS) has been regarded as a less stringent, alternative tar-
get for remission (42), alonger period of time in LLDAS was required
to achieve a comparable reduction in organ damage (43). Remis-
sion is still a more valid state with lower risks of damage, even when
only a small percentage of time (<25%) was maintained (43).

The definition of remission tended to be unified into 4 catego-
ries (see Supplementary Table 4, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
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Table 4. Prognostic outcomes related to systemic lupus erythema-
tosus remission in included studies

Outcome related to remission Reference
Lower risk of damage accrual 11,16, 36,41, 13,
43,20, and 37
Lower risk of cardiovascular event 37 and 26
Lower risk of flares 37 and 50

Reduced risk of death 25
Better quality of life 32,16, 33,34, 51,
35,37,and 52
Complete remission before glucocorticoid 53
reduction was associated with increased
likelihood of successful glucocorticoid
withdrawal
No significant difference in damage accrual 27
and disease pattern

acr.24464/abstract) after the DORIS project (3), which is still the
mainstream construction recommended. Yet, controversies exist
regarding the following: 1) the index used for defining disease
activity; 2) whether serologic activity and low-dose glucocorticoids
usage are allowed; and 3) the appropriate duration required to
define remission.

The SLEDAI/SLEDAI-2K was the index most commonly
applied in the definition of remission, and PhGA was employed
to compensate for deficits in the SLEDAI (where hemolytic ane-
mia, myelitis, and gastrointestinal activities are not considered)
(3). Disagreement on whether patients’ perspectives should be
considered in the definition of remission exists, and no study has
employed this directly in defining remission despite the recom-
mendation for shared patient—physician decision-making in deter-
mining treatment plans (42). Therefore, the SLEDAI/SLEDAI-2K is
still the major scale used for the measurement of disease activity
in remission.

Due to the heterogeneity of SLE clinically, the prognostic
capabilities of different definitions of remission vary between stud-
ies. Most studies allowing serologic activity and therapy with low-
dose glucocorticoids have demonstrated an association between
remission with lower damage accrual and better life quality, while
some studies stated that patients in remission without therapy
obtained even less damage accrual (11) and higher HRQoL (34)
than patients in remission with therapy. When serologic activity
and low-dose glucocorticoids were permitted, prevalence was
higher (39). Recently, an analysis using clinical remission as
response measurement to evaluate the belimumab treatment
has been published. In their cohort, 39.6% of patients attained
clinical remission without glucocorticoids, and 23.2% achieved
clinical remission with glucocorticoids. The authors concluded
that belimumab might be more efficacious in inducing low disease
activity and clinical remission in SLE patients with limited or no
organ damage accrued prior to treatment initiation. Moreover,
that study has proven that remission can be used as a measure
for the efficacy of treatment (44). Hence, it is proposed that SLE
remission should not be regarded as a single ultimate goal, but

as consecutive steps, with clinical remission with treatment serv-
ing as a first-step goal, after which appropriate drug tapering
occurs, with the goal of eventual remission without treatment (45).

The frequency of follow-up visits in the studies considered var-
ied, ranging from 3 months to 1 year. Whether a treat-to-target
algorithm with a standardized follow-up interval and treatment
adjustment suggestion could result in a superior prognosis com-
pared to the conventional follow-up regimens, which are based
on physician experience, needs to be further investigated. In RA,
frequent monitoring (every 1-38 months) has been recommended
by the European Alliance of Associations for Rheumatology for
patients with active disease (46). We suggest that, in SLE, the inter-
val between visits should be determined according to baseline dis-
ease activity, stratification of risk factors for nonremission, and the
level of remission achieved. A shorter interval (2-3 months) should
be considered for patients with high disease activity or those with
negative predictors for remission, while a longer interval (4-5
months) may be suitable for patients with lower disease activity
and lower risks for nonremission. Patients whose ilness is in clinical
remission with treatment may require more frequent visits than
those already reaching complete remission without treatment.

To date, few studies have investigated the predictors for
remission using multivariable analysis, while there is relative con-
sensus in several studies regarding factors negatively associated
with remission, such as higher baseline disease activity, major
organ/system involvement, and active serologic results. Patients
with negative predictors were less likely to achieve remission.
Thus, the development of a risk stratification model and a test of
its validity are essential in future studies, to enable early identifica-
tion of patients less likely to achieve remission and individualize
therapeutic regimens to attain better outcomes. In RA, higher
prevalence of remission is achieved more often when intensive
therapy is initiated earlier (47). Similar results have been shown in
SLE, where immunosuppressant use or higher mean dose of
prednisone use during the early phase of the disease are posi-
tively associated with remission. Controversies exist (9,15), how-
ever, and to date, only a few clinical trials have evaluated the
impact of treatment strategy on rates of remission. Recently,
research comparing different remission definitions was con-
ducted by Saccon et al (48). They indicated that a clinical SLEDAI
score of O is an easy-to-achieve definition with the best perfor-
mance in predicting damage progression compared to other def-
initions, including PhGA and low-dose prednisone. More studies
involving other ethnicities, outcome variables, and defining items
are still required for a universal definition (48). More research is
needed to assess the effects of treatment on achievement of
remission and the appropriate adjustment of therapy if remission
is not achieved within a certain time window.

Once remission with therapy is achieved, the optimal dura-
tion of remission before drug tapering or withdrawal needs to be
discussed. Generally, an increasing duration in remission/LDAS
was associated with a better SF-36 score or less damage accrual
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(13,35). A consecutive remission duration of 5 years was shown
in most studies to correlate with better outcomes. A minimum of
2 consecutive years of remission was shown to be necessary for
White patients in another study (28). Whether remission for 1 year
is sufficient remains uncertain (27,33). What needs to be recog-
nized are the dual effects of glucocorticoids in terms of both con-
troling disease activity and causing organ damage. Therefore,
both extending the duration of remission and minimizing gluco-
corticoid dosages should be balanced in the long-term disease
control process. Additionally, feasibility should be considered
because a decreasing prevalence of remission was observed
when longer time was required. This study proposes that a mini-
mum of 1 year is a prerequisite in the definition of remission, and
the time point after which the damage caused by glucocorticoids
to maintain remission status exceeds the benefits of prolonged
remission itself should be clarified further.

In conclusion, although consensus regarding the definition of
SLE remission and classification has not been fully established,
agreement exists that clinical disease activity, serologic activity,
duration, and treatment are critical components of defining remis-
sion status. Our findings show that remission can be regarded as
an achievable and desirable target for SLE patients. Patients’
demographic data, initial disease activity, clinical manifestations,
serologic results, as well as treatment regimens, are all found to play
key roles in the achievement of remission. Remission, especially
prolonged remission, has been associated with a better prognosis
in terms of damage accrual and HRQoL in SLE patients. Due to
the heterogeneity of SLE clinically, however, very few recommenda-
tions have been proposed regarding the prognostic capabilities of
different definitions of remission that would be broadly applicable.
Establishing risk stratification models to select the patients who
require intensive therapeutic regimens to achieve remission is criti-
cal. Development of a full algorithm with frequency of monitoring,
time points for evaluation of remission and adjustment of treatment
if remission is not achieved, and the timing when glucocorticoids
can be further tapered or withdrawn after achieving target will be
important parts of the research agenda in the coming years.
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Significant Gains in Rheumatoid Arthritis Quality Measures
Among RISE Registry Practices
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Objective. Using the American College of Rheumatology Rheumatology Informatics System for Effectiveness
(RISE) registry, our objective was to examine performance on rheumatoid arthritis (RA) quality measures and to
assess the association between practice characteristics and changes in performance over time among participating
practices.

Methods. We analyzed data from practices enrolled in RISE between January 1, 2015 and December 31, 2017.
Eight quality measures in the areas of RA disease management, cardiovascular risk reduction, and patient safety were
examined. Variability in performance was evaluated at the practice level. Multivariate linear models were used to pre-
dict change in measure performance by year and to determine the effect of practice characteristics on change in per-
formance over time.

Results. Data from 59,986 patients from 54 practices were examined. The mean + SD age was 62 + 14 years,
77% were female, 69% were Caucasian, and most patients were seen in a single-specialty group practice (46%).
The average performance on measures related to RA treatments was consistently high (>90%) across the study period.
Measures related to RA functional status and disease activity assessment had the greatest improvements over time
(8.4% and 13.0% increase per year, respectively; P < 0.001). Single-specialty group practices had the fastest rates
of improvement over time across all measures.

Conclusion. Among practices participating in RISE between 2015 and 2017, performance on most RA quality mea-
sures improved. Single-specialty group practices saw the fastest rates of improvement over time. Identification of
workflow patterns leading to dramatic improvements in quality of care will help guide process redesign to address gaps

in priority areas, such as tuberculosis screening and blood pressure control.

INTRODUCTION

The Rheumatology Informatics System for Effectiveness
(RISE) is an electronic health record (EHR)-enabled registry devel-
oped by the American College of Rheumatology (ACR) to facilitate
quality improvement among rheumatology practices nationally.
RISE passively extracts EHR data from individual practices,
aggregates and analyzes these data centrally, and feeds this
information back to clinicians as actionable data using a web-
based quality dashboard. By providing robust health [T
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infrastructure, the registry aims to decrease the burden of data
collection on practices and streamline participation in federal
quality reporting programs such as the Merit-Based Incentive
Payment System. An additional benefit of the dashboard is to
facilitate local rapid-cycle quality improvement by providing con-
tinuous performance feedback and benchmarking (1).

Previous studies have shown gaps in rheumatoid arthritis
(RA) care in many different settings, including timely initiation and
maintenance of RA treatments (2,3), patient safety (4), and cardio-
vascular risk reduction (5). However, these studies have been
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SIGNIFICANCE & INNOVATIONS

+ Among practices participating in the Rheumatology
Informatics System for Effectiveness (RISE) registry
from 2015 to 2017, performance on most measures
for individuals with rheumatoid arthritis improved.

« There were significant variations in performance
over time between practices, suggesting that future
work to identify workflow patterns leading to high
performance or to dramatic improvements in qual-
ity are warranted.

« Performance on quality measures across RISE prac-
tices provides a useful benchmark for rheumatolo-
gists seeking to improve quality in their practices.

limited to single institutions or regions, or to administrative data
from a single insurance carrier, thus lacking generalizability. In
recent years, several new performance measures for RA have
been endorsed that are now operationalized as EHR-enabled
measures (e-measures). New e-measures such as disease activ-
ity and functional status assessments require changes in work-
flow, which can make implementation difficult (6,7). Practices
with long-established workflows may be more equipped to cap-
ture specific data elements than practices with more recent
changes to clinical workflows. Existing studies did not report on
new measures, nor on whether participation in the RISE registry,
with access to a dashboard that facilitates quality improvement,
were associated with improvements in performance. In addition,
although EHR-derived performance on quality measures has
been previously reported (8), due to lack of interoperability, direct
comparisons of performance on measures between different
EHR systems has not been possible to date among rheumatology
practices.

In this study we aimed to examine performance on 8 quality
measures most relevant to the care of patients with RA and to
identify practice characteristics associated with high performance
or substantial improvements in performance over a 3-year period.
We examined performance on measures for the subset of
patients with RA because RA was the initial focus for quality
improvement for the registry.

PATIENTS AND METHODS

Study population and timelines. Data were derived
from the ACR’s RISE registry. RISE is a national EHR-enabled
registry that passively collects data on all patients seen by partic-
ipating practices, reducing the selection bias present in single-
insurer claims databases (9). As of December 2017, RISE held
validated data from 1,257 providers in 236 practices, represent-
ing ~36% of the US clinical rheumatology workforce. We analyzed
data collected on all patients with a prevalent diagnosis of RA
between January 1, 2015 and December 31, 2017. For each

quality measure, the measurement period was defined as the
12 months (24 months for tobacco-use screening and cessation)
preceding the last date of each quarter during which a visit
occurred (e.g., if a patient with RA had an RA-coded visit on
December 15, 2015, the measurement period was defined from
January 1, 2015 to December 31, 2015).

RISE is a dynamic registry with practices able to enter and
leave over time. To allow for consistent longitudinal analysis, we
only included practices that were enrolled in RISE during the
entire study period and had >30 RA patients at every quarter
to reduce the variation in performance due to small sample
sizes. Overall, 54 practices were included; 6 were excluded
because they did not contribute data during the entire period,
and 4 were excluded because they did not have >30 RA
patients at every quarter. We included patients who had at least
1 clinical face-to-face encounter in each quarter of the year;
thus patients were not included in the denominator during
quarters when they did not have any clinical face-to-face
encounters. An RA diagnhosis was defined as having 2 Interna-
tional Classification of Diseases, Ninth Revision (ICD-9) or Inter-
national Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) codes for RA (714.0
and M06.9, respectively) >30 days apart. For each patient, we
only included quality measures that were recorded at or after
the first clinic visit associated with an ICD-9/ICD-10 code
for RA.

Quality measures. As of December 2017, the RISE
registry calculated patient-level performance on 24 quality
measures (complete list available in Supplementary Table 1,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24444/abstract). We exam-
ined quality measures in the areas of RA management, including
disease activity assessment, functional status assessment, and
disease-modifying antirheumatic drug (DMARD) prescribing.
Cardiovascular risk reduction and patient safety measures,
specifically tobacco-use screening and cessation counseling,
blood pressure control, tuberculosis (TB) screening prior to bio-
logic drug start, and use of high-risk medication in the elderly
were also examined. Performance on each measure was
defined as detailed in Table 1. The use of high-risk medication
in the elderly measures are reported to the Merit-Based Incen-
tive Payment System as inverse measures, with lower percent-
ages indicating better performance. To pool performance
across quality measures in this study, performance on these
(inverted) measures was inverted, such that higher percentages
indicated better performance, e.g., a performance of 1% on the
inverted measure became 99% in the modified measure. We
selected these 8 measures because they are relevant to the
care of RA patients, are endorsed by the National Quality
Forum, and have been implemented in the RISE registry since
January 2015.


http://onlinelibrary.wiley.com/doi/10.1002/acr.24444/abstract
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Table 1. RISE registry quality measures included in this study*
Measure
Measure ID  NQF no. CMS no. Measure title Measure definition NQS domain  Subspecialty type
ACR 01 2523 NA Disease activity Percentage of patients Effective clinical Rheumatoid  Process
measurement for  age >18 years with a diagnosis of  care arthritis
patients with RA whose disease activity is measures
rheumatoid assessed using a standardized
arthritis measurement tool at 50% or
more encounters for RA with the
same clinician during the
measurement period
ACR 02 2524 NA Functional status ~ Percentage of patients Effective clinical Rheumatoid  Process
assessment for age >18 years with a diagnosis of ~ care arthritis
patients with RA whose functional status is measures
rheumatoid assessed using a standardized
arthritis measurement tool at least once
during the measurement period
ACR 03 0054 NA Disease-modifying  Percentage of patients Effective clinical Rheumatoid  Process
antirheumatic age >18 years with active RAwho  care arthritis
drug therapy for are treated with a DMARD during measures
active the measurement period
rheumatoid
arthritis
ACR 04 NA NA Tuberculosis test  Percentage of patients Patient safety ~ TB measures Process
prior to first age >18 years with a diagnosis of
course biologic RA who are newly prescribed a
therapy biologic therapy during the
measurement period and whose
medical record indicates TB
testing in the 12 months
preceding the biologic
prescription
PQRS 226 0028 138v4 Preventive care and Percentage of patients age >18 years Community and - Process,
screening: who were screened for tobacco population Cross-
tobacco use: use 1 or more times within 24 health cutting
screening and months AND who received
cessation cessation counseling intervention if
intervention identified as a tobacco user
PQRS 236 0018 165v4 Controlling high Percentage of patients ages Effective clinical Hypertension Intermediate
blood pressure 18-85 years who had a diagnosis ~ care measure outcome,
of hypertension and whose Cross-
blood pressure was adequately cutting
controlled (<140/90 mm Hg)
during the measurement period
PQRS 238 0022 156v4 Use of high-risk Percentage of patients Patient safety - Process

medications in
the elderlyt

age >66 years who were ordered
high-risk medications. Two rates
are reported: 1) percentage of
patients who were ordered at
least 1 high risk medication; 2)
percentage of patients who were
ordered at least 2 different high
risk medications. Inverse
measure: lower count indicates
better performance

* The measurement period for all measures is 12 months, unless stated otherwise. Practice-level performance was calculated at every quarter.
Patients included in the denominator at every quarter must have had at least 1 visit during that quarter. ACR = American College of Rheuma-
tology; CMS = Centers for Medicare and Medicaid Services; DMARD = disease-modifying antirheumatic drug; NA = not applicable; NQF =
National Quality Forum; NQS = National Quality Strategy; PQRS = Physician Quality Reporting System; RA = rheumatoid arthritis; RISE = Rheu-
matology Informatics System for Effectiveness; TB = tuberculosis.

t List of medications defined as high-risk available at: https://qpp.cms.gov/docs/QPP_quality_measure_specifications/CQM-Measures/2019_
Measure_238_MIPSCQM.pdf.

Other variables. We examined both sociodemographic
characteristics of patients as well as practice characteristics
using RISE data extracted through June 30, 2018. Practice

characteristics included the number of providers, practice type
(multispecialty group practice, single-specialty group practice,
solo practitioner, and health system), practice EHR software


https://qpp.cms.gov/docs/QPP_quality_measure_specifications/CQM-Measures/2019_Measure_238_MIPSCQM.pdf
https://qpp.cms.gov/docs/QPP_quality_measure_specifications/CQM-Measures/2019_Measure_238_MIPSCQM.pdf
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Table 2. Characteristics of patients and practices in the RISE registry*

Characteristic Patient-level Practice-level
Patients (n = 59,986)t
Age, mean + SD years 623 £139 -
Female 46,117 (76.9) -
Race/ethnicity
Non-Hispanic Caucasian 41,126 (68.6) -
Black or African American 5,409 (9.0) -
Hispanic or Latino 2,650 (4.4) -
Asian 893 (1.5) -
Other 6,102 (10.2) -
Missing 3,806 (6.3) -
Insurance status
Private 48,402 (80.7) -
Medicare =65 years 3,303 (5.5) -
Medicaid 2,106 (3.5) -
Medicare <65 years 1,318 (2.2) -
None 8(0) -
Missing 4,849 (8.1) -
Practices (patient-level: n = 59,986; practice-level: n = 54)F
Practice size
1-4 providers 23,023 (38.4) 32 (59.3)
5-9 providers 19,805 (33.0) 15(27.8)
10-20 providers 17,158 (28.6) 7 (13.0)
Practice type
Single-specialty group 45,018 (75.1) 35 (64.8)
Solo practitioner 4,837 (8.1) 10 (18.5)
Multispecialty group 9,613 (16.0) 8(14.8)
Health system 518 (0.9) 1(1.9)
EHR software
NextGen 40,969 (68.3) 34 (63.0)
eClinicalWorks 12,065 (20.1) 8 (14.8)
GE Centricity 2,753 (4.6) 4(7.4)
Allscripts 2,631 (4.4) 3(5.6)
Amazing Charts 886 (1.5) 2(3.7)
Other§ 682 (1.1) 3(5.6)
US geographic region
South 38,879 (64.8) 30 (55.6)
West 5,824 (9.7) 12 (22.2)
Northeast 6,076 (10.1) 7 (13.0)
Midwest 9,207 (15.4) 5(9.3)

* Values are the number (%) unless indicated otherwise. EHR = electronic health record; RISE = Rheumatology

Informatics System for Effectiveness.
t Dynamic cohort.

¥ Fixed cohort (practices that remained in RISE from January 2015 to December 2017).
§ Other included Greenway/Primesuite, eMD-Plus, and UniCharts.

(NextGen, eClinicalWorks, GE Centricity, Allscripts, Amazing
Charts, Greenway/Primesuite, eMD-Plus, and UniCharts), and
US geographical region (South, West, Northeast, and Midwest).
Practice-level sociodemographic information was calculated from
patients’ eligible for each quality measure during each quarter
and included mean age, proportion female, proportion non-Cau-
casian, and proportion with public insurance (Medicare or
Medicaid).

Statistical analysis. Practice-level performance on quality
measures, defined as the percentage of eligible patients in a
practice receiving recommended care, was the primary outcome.
For each measure, we reported the median performance and

performance at the 99th percentile in each year (2015, 2016,
and 2017). We assessed changes in performance over time by
calculating the change in performance on each measure across
practices and comparing within-practice changes in performance
across geographic regions. Intraclass correlation coefficients
(ICCs) were calculated to determine how much of the variability
in each quality measure was explained by between-practice vari-
ability. Statistical process control charts were used to determine
whether changes in performance represented common-cause
variation or improvement.

We used bivariate hierarchical linear mixed-effects models to
predict change in practice-level measure performance per year,
accounting for repeated measurement of practices over time
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Table 3. Variability in practice-level performance and change in practice-level performance across measures*

2015 2016 2017
RA patients Practice- RA patients Practice- RA patients Practice- Performance
Quality eligible for level eligible for level eligible for level 2015-2017, percentage
measure measure, no. performance measure, No. performance measure, no. performance  change (min, max)
Disease activity 36,355 57,100 32,344 68, 100 29,803 78,100 -97,98
assessment
Functional 36,355 56,100 32,344 77,100 29,803 85,100 -59,99
status
assessment
DMARD 36,355 95, 100 32,609 96, 99 29,803 95, 100 -21,59
prescribing
TB screening 4,680 67,100 2,427 71,100 1,660 67,100 -72,74
Tobacco-use 36,989 91,100 33,331 91,100 30,497 92,100 -32,85
screening
and cessation
Blood pressure 4,889 63,100 6,512 63, 93 6,924 58, 100 -58, 46
control
One high-risk 15910 97,100 15,170 97,100 15,207 97,100 -12,82
medication in
elderly
Two high-risk 15910 100, 100 15,170 100, 100 15,207 100, 100 -1,1
medications
in elderly

* Values are the 50th and 99th percentile unless indicated otherwise. Performance on quality measures was defined as the percentage of eli-
gible patients within a practice receiving recommended care. DMARD = disease-modifying antirheumatic drug; max = maximum; min = min-

imum; RA = rheumatoid arthritis; TB = tuberculosis.

(10). To determine the independent effect of practice characteris-
tics on practice-level measure performance, we used multivariate
models. All multivariate models were adjusted for time (as a con-
tinuous predictor) and included the number of providers in the
practice, practice type, EHR software, and US region as predic-
tors. We adjusted for US region to account for residual confound-
ing that may remain due to geographical variations in practice
characteristics that were not available or the underlying preva-
lence of exposures or disease; for example, providers may be
more likely to screen for TB in regions that have a high preva-
lence of this condition. Patient sociodemographic factors (mean
age, proportion female, proportion non-Caucasian, and propor-
tion with public insurance) varied across practices. To account
for these differences, the demographics of patients eligible for
each quality measure at each practice were indirectly standard-
ized to the overall RISE patient population eligible for the respec-
tive quality measure using standardized ratio weights (11,12).
Finally, we evaluated whether the change in measure perfor-
mance over time was modified by any of the practice characteris-
tics by fitting an interaction term between time and each of the
covariates in separate multivariate models that included all prac-
tice predictors and accounted for repeated measurement of
practices over time. All models were checked for linearity of con-
tinuous predictors using component plus residual plots and nor-
mality of the residuals using residual versus predictor and QQ
plots. All analyses were performed in Stata software, version
16.0. The study procedures were approved by the University of
California, San Francisco, Institutional Review Board.

RESULTS

Data from 59,986 patients from 54 practices were examined.
The mean + SD age was 62 + 14 years, 77% were female, 69%
were Caucasian, and 81% had private insurance. The most com-
mon practice structure was a single-specialty group practice
(65%), followed by solo practitioner (18.5%) and multispecialty
group practice (15%). NextGen was the most commonly used
EHR brand (63%), followed by eClinicalWorks (15%) and GE
Centricity (7%). Most practices were in the South region of the
US (56%), followed by West (22%) and Northeast regions (13%)
(Table 2).

We found a large amount of variability in performance on these
measures over the 3-year study period, observing high-performing
practices and practices with substantial improvements over time
(Table 3). Performance on disease activity assessment, functional
status assessment, TB screening, and blood pressure control had
the highest variability across practices, with percentage point
changes over the 3 years, ranging from —97% to 99%; as a resullt,
these quality measures were selected for further multivariate analysis.
Median performance on tobacco-use screening and cessation was
high (>80%) and saw the greatest improvements during the earlier
parts of the study period. The average performance on DMARD pre-
scribing, use of 1 high risk medication, and use of >2 high risk med-
ications in the elderly was also consistently high (>90%) (Figure 1)
(control charts for all measures available in the supplementary mate-
rial; see Supplementary Tables 1 and 2 and Supplementary
Figures 1-8, available on the Arthritis Care & Research website at
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Figure 1.
antirheumatic drug; Q = quarter; TB = tuberculosis.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24444/abstract). We
assessed change in performance over time on disease activity
assessment, functional status assessment, TB screening, and blood
pressure control across US regions. Most practices in the Northeast
region saw no change or decreases in average performance on
these 4 measures, while practices in the West had improvements in
performance (Figure 2). We also observed few practices within the
South with substantial improvements in performance over time.

Between-practice variability explained about one-half of the
variation in performance on quality measures across the study
period (ICCs ranged from 41% for tobacco-use screening and
cessation to 58% for TB screening), indicating important within-
practice changes in performance over time. Results from bivariate
hierarchical linear mixed-effects models (predicting change in per-
formance as a function of time) from January 2015 to December
2017 showed a significant improvement in performance on func-
tional status assessment (13.9% per year [95% confidence inter-
val (95% Cl) 11.8, 16]; P<0.001) and disease activity
assessment (8.4% [95% Cl 6.2, 10.5]; P < 0.001).There were
smaller improvements in performance on TB screening (4.3%
[95% CI 2.8, 5.7]; P <0.001) and tobacco-use screening and
cessation (2.9% [95% Cl 1.8, 4]; P < 0.001). While improvements
in blood pressure control (1.6% [95% CI 0.2, 3]; P = 0.022) and
DMARD prescribing (1% [95% CI 0.3, 1.6]; P = 0.004) were
statistically significant, they can most reliably be explained by
expected common-cause variation (see Supplementary Figures 3
and 6, available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24444/abstract). Changes
in performance on the use of high-risk medication in the elderly over
time were negligible and not statistically significant.

Q2 2016

Q3 2016
Q4 2016
Q12017
Q2 2017
Q32017
Q42017

=== FUnctional status assessment
TB screening
=== Blood pressure control

e TWo high-risk medications

Proportion of patients with rheumatoid arthritis meeting the quality measures from 2015 to 2017 (y-axis). DMARD = disease-modifying

Multivariate analyses showed that at any time point, larger
practices with 10-20 providers performed better than small prac-
tices with 1-4 providers on all 4 measures (disease activity
assessment, functional status assessment, TB screening, and
blood pressure control), with differences reaching statistical sig-
nificance for functional status assessment (75.5% versus 45.0%;
P = 0.001) and blood pressure control (71.5% versus 59.7%;
P = 0.001) (see Supplementary Table 2, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24444/abstract). Performance on disease activity
assessment and functional status assessment was significantly
higher in health systems compared to single-specialty group
practices. Northeast region practices had better performance
than those in the South on TB screening and blood pressure con-
trol but demonstrated worse performance on disease activity
assessment.

For each of the 4 quality measures, we also determined the
effect of practice characteristics on change in measure-
performance per year. Single-specialty group practices had sig-
nificantly higher rates of improvement per year than health
systems across all 4 measures (P for interaction <0.010)
(Table 4). Single-specialty group practices also had higher gains
in performance than multispecialty group practices across mea-
sures, although differences did not reach statistical significance.
The EHR software eClinicalWorks was associated with faster
improvements in functional status assessment than NextGen.
NextGen was associated with faster improvements in disease
activity assessment than both Allscripts and Amazing Charts.
The West was associated with significantly faster improvements
in TB screening than the South.
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Figure 2. Within-practice change in average measure performance from 2015 to 2017 across the US regions. Measures included disease activ-
ity assessment, functional status assessment, blood pressure control, and tuberculosis screening. Cirles represent individual practices; circle size

represents practice size.

DISCUSSION

Practices participating in the RISE registry had significant
improvements over time in performance on multiple quality mea-
sures, including RA disease activity assessment, functional status
assessment, TB screening, and tobacco-use screening and ces-
sation. The greatest improvements were in the assessment of
functional status and disease activity. We observed considerable
variability in performance across practices and regions. Larger
practices had better performance on measures compared with
small practices, while single-specialty group practices had signifi-
cantly faster rates of improvement over time compared with multi-
specialty group practices and health systems.

Two nationally endorsed RA-specific quality measures (dis-
ease activity assessment and functional status assessment) are
the first examples of e-measures that collect outcomes, including
patient-reported outcomes, across the registry. We are encour-
aged to observe steady and significant improvements in perfor-
mance on these measures. Measurement of these outcomes
using validated tools facilitates a treat-to-target approach and is
a key part of high-quality rheumatology care. Additionally, collec-
tion of these measures allows for tracking of outcomes, bench-
marking across rheumatology practices, and creation of a
learning health system in which information about outcomes and
performance is fed back to providers to continuously improve
quality of care (13). The average performance on DMARD pre-
scribing was consistently high (>90%) from January 2015 to
December 2017. This rate is consistent with results from an earlier

analysis of this measure using EHR data (94%) (8). Since perfor-
mance on this measure has been shown to be optimized, this
measure has been retired from the Merit-Based Incentive Pay-
ment System program.

Regarding measures related to cardiovascular disease pre-
vention, performance on the blood pressure control measure in
this study was suboptimal and comparable with previous reports
(5). Suboptimal performance on other cardiovascular risk reduc-
tion measures has also been reported among RA patients in the
US and Canada, including hyperlipidemia and diabetes mellitus
screening (14-16). Protocols for controlling hypertension are
proven to be effective in primary care settings (17). Such proto-
cols have not been extensively studied in specialty settings such
as rheumatology clinics, but they hold potential. A recent study
on the implementation of a rheumatology—primary care partner-
ship protocol for the management of high blood pressure showed
that timely primary care follow-ups for patients with in-network
primary care reduced rheumatology visits by patients with high
blood pressure, indicating reduced population-level rates of high
BP (18). Performance on tobacco-use screening and cessation
in this study was significantly higher than indicated from a previ-
ous study using manually abstracted data at an academic rheu-
matology practice (smoking status was documented at 39% of
visit notes with smokers, and smoking cessation counseling was
documented in 10%) (19). Incompleteness of manual chart review
abstraction and incomplete documentation in notes could explain
part of the discrepancy. Notably, tobacco-use screening and ces-
sation were part of the Meaningful Use program implemented
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across specialties in 2014, which may explain the steady increase
in performance during the earlier parts of the study period.

Among patient safety measures, while performance on TB
screening has improved since early 2015, the evident lower per-
formance on this measure indicates both a gap in quality and the
fact that reliably capturing TB screening in practice requires fur-
ther work to ensure accurate data capture from the EHR. Low
performance rates on the TB screening measure have been
reported previously, even in studies that used extensive chart
reviews to examine performance on this measure, and look-back
periods that were longer than 12 months to define incident users
(4). Therefore, the low performance on the TB measure in RISE
probably represents a meaningful gap in care. However, since
there is currently no clear evidence to guide appropriate look-
back periods for TB testing, possibly the low performance at least
partially reflects clinical controversy about which patients need
updated TB screening.

We observed better performance on quality measures among
larger practices at all points in time, but single-specialty group prac-
tices saw the fastest rates of improvement over time. Larger prac-
tices, including health systems and multispecialty group practices,
likely have more resources to invest in quality improvement activi-
ties and infrastructure, such as workflows that facilitate the docu-
mentation of disease activity and functional status assessments.
Another explanation might be the availability of structured fields
within more mature EHR systems for documentation of disease

activity and patient-reported outcomes. Single-specialty group
practices saw greater gains in performance over time, possibly
because RISE provides IT infrastructure for quality improvement,
and also because those practices had a lower performance at the
start of the study period and hence more room for improvement.
Practice and regional variability data from RISE facilitate identifica-
tion of targets for quality improvement and education initiatives.
We were interested in exploring whether EHR software was
associated with performance, but we found that commonly used
vendors such as NextGen, eClinicalWorks, and GE Centricity were
comparable across most quality measures. This finding suggests
that practices can achieve high performance regardless of soft-
ware, and also that current software does not seem to support
high-quality performance. In addition, practices that join RISE may
be selected to have clinical workflows to electronically capture
required information and the necessary health information technol-
ogy support staff to build and test the quality measures locally.
Notably, measures selected in this study were part of different
incentive programs over time; for example, tobacco cessation
counseling was a meaningful-use measure and therefore less likely
to have significant variation between EHR vendors. In contrast,
rheumatology-specific measures, such as functional status or dis-
ease activity assessments are less likely to be supported uniformly
by EHRs and therefore may be more prone to variability. Notably,
EPIC, one of the largest market-share holders among EHR ven-
dors, was not used by practices participating in RISE during the

Table 4. The effect of practice characteristics on change in measure performance per year*

Disease activity

Functional status

Tuberculosis screening Blood pressure control

Change in Change in Change in Change in
performance P performance P performance P performance P

Number of providers

1-4 53(-0.9,11.5) Ref. 14(8.2,19.8) Ref. 52(0.2,10.3) Ref. 1.7(-2.4,5.8) Ref.

5-9 13.4(3.3,23.6) 0.178 12.4(-0.1, 24.9) 0.823 3.3(-1.9,84) 0.586 0.8(-1.8,3.3) 0.709

10-20 10.1 (0.2, 20) 0.420 18.2 (7.6, 28.8) 0.490 2.1(-5.3,9.6) 0.493 -0.2(-2.3,1.9) 0.415
Practice type

Single-specialty 13 (6.8, 19.1) Ref. 17.7 (10.9, 24.5) Ref. 4.7 (0.6, 8.9) Ref. 1.7(-1.7,5) Ref.

group
Solo practitioner 0.8(-9.9 11.4) 0.052 8.2(-0.9,17.3) 0.097 9.2(0.7,17.7) 0.348 23(-24,6.9) 0.835
Multispecialty 0(-4.7,4.6) 0.001 74(-1.8,16.7 0.078 -0.2 (-6.9, 6.5) 0.217 -1.5(-7.8,4.9) 0.386
group

Health system -154(-35.1,43) <0.001 -0.2(-15.7,154) <0.001 -17.1(-26,-8.1) <0.001 -2.8(-7,14) 0.010
EHR brand

NextGen 9.2(3.9,14.5) Ref. 12.5(5.8,19.2) Ref. 39(-03,8.2) Ref. 1.5(-1.8,4.8) Ref.

eClinicalWorks 12.6(1.1,24.2) 0.587  253(14.8,35.9) 0.044 7.3(-05,15.2) 0.446 1(-44,6.5) 0.881

GE Centricity 13.7(-11.5,38.9) 0.726 17.6(-2.6,37.7) 0.633 -1.4(-14.6,11.9) 0.446 1.4(-2.1,4.8) 0.953

Allscripts -3.2(-9.6,3.2) 0.004 -2.2(-64,2) <0.001 -0.4(-9.1,823) 0.372 2(-1.8,57) 0.858

Amazing Charts -202(-39.2,-1.2)  0.004 10.4(-6.9, 27.7) 0.820 -1.2 (-85, 6) 0225 -133(-24.7,-1.8) 0.016

Other 7.4 (-25.5,40.3) 0916 16.6 (7.3, 25.8) 0.479 20.2 (8.6,31.8) 0.011 8.6 (-3.6, 20.8) 0.265
Regions

South 8(1.9,14.1) Ref. 12.5(5.7,19.4) Ref. 1.4(-24,5.2) Ref. -0.3(-3.7,3.1) Ref.

West 10.9 (-2.7, 24.5) 0.699 21.4(10.8, 32) 0.163 10(3,17) 0.034 54(-03,11) 0.090

Northeast 2.3(-8.1,12.7) 0.348 49 (-7,16.7) 0.267 2.7(-9.3,14.6) 0.845 -14(-54,2.5) 0.662

Midwest 9.3(-0.1,18.8) 0.818 16.2 (2.3,30.1) 0.637 10 (4.4, 24.5) 0.254 3.5(-0.6, 7.5) 0.157

* Values are the percentage (95% confidence interval) unless indicated otherwise. Marginal means were estimated using weighted multivariate
regression models accounting for repeated measurement of practices over time. The model additionally incorporated year as a continuous
variable. P values indicate statistical significance for interaction. EHR = electronic health record; Ref. = reference.
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study period due to a combination of factors. Academic centers
are the main users of EPIC and faced either institutional or ven-
dor-related barriers in contributing data to the RISE registry.

Our study has important strengths. This study is the first to
report change in performance on quality measures over time
across a large patient population with diverse geographical cover-
age across the nation and in RISE practices using different EHR
systems. In addition, we used statistical methods that account
for variability in sociodemographics across practices and produce
reliable estimates generalizable to the overall sociodemographic
populations represented within RISE. Limitations of this study
include lack of a control group. Without a comparison group of
practices who did not join the RISE registry, how much of the
improvements in performance on these measures over time are
attributable to participation in the registry itself is unclear. These
data may underestimate the care provided to patients because
documentation within an EHR may be inconsistent, and nonstruc-
tured information is difficult to query systematically. To enable a
meaningful longitudinal analysis, we included practices that were
early and sustained users of the RISE registry; however, these
practices were more likely to serve privately insured patients com-
pared to all practices currently participating in the registry (1).
Finally, since ICD codes were used to identify RA diagnosis in
many denominators, performance on these measures may have
been underestimated in our study, as some patients may not have
truly had RA. However, since these codes were assigned by rheu-
matologists, the positive predictive value may be higher than in
other studies where codes could be assigned by any pro-
vider (20).

With the capacity of RISE to facilitate rapid-cycle quality
improvements for participating practices and the emerging pay-
ment reforms put into place by Medicare Access and the Chil-
dren’s Health Insurance Program Reauthorization Act of 2015,
there is an urgent need to develop new measures to define value
in rheumatology. The measures assessed in this study were pro-
cess measures that assess the actions taken in the course of
health care. In 2016, the ACR began development of a new out-
come measure to assess the effects of these actions on health
status using clinical data from the RISE registry (21). Understand-
ing the scientific validity, feasibility, usefulness, and intended and
unintended consequences of quality measures also continues to
be an important strategic goal of RISE. As more practices join
RISE, larger studies will be powered to facilitate further subgroup
analyses that identify target areas for quality improvement. Key
questions regarding the role of sociodemographic factors, health
care access, and patient satisfaction remain and can serve as
the focus of future research. Furthermore, given the variability in
performance across RISE practices, further qualitative research
is needed to better understand facilitators and barriers to
improvement on these measures.

In summary, this article provides a systematic benchmarking
of the ACR quality measures using data from 54 practices

participating in the RISE registry. Results from this study indicate
excellent performance on DMARD prescribing and steady
improvements in documentation of disease activity and functional
status over a 3-year period between 2015 to 2017. Blood pres-
sure control and TB screening measures may deserve the most
attention in performance improvement initiatives, although nota-
ble improvements on these measures were observed among
some practices. Identification of workflow patterns leading to high
performance or dramatic improvements in quality of care will help
guide strategies to address gaps in priority areas.
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Weight Fluctuation and the Risk of Cardiovascular Events in
Patients With Rheumatoid Arthritis

Joshua F. Baker," () George Reed,? and Joel Kremer?

Objective. Fluctuations in weight have been linked to cardiovascular (CV) outcomes in the general population. The
present study was undertaken to evaluate whether weight fluctuation was independently predictive of CV events in
patients with rheumatoid arthritis (RA).

Methods. We studied patients with RA from the Corrona registry. Weight change was categorized as loss of >10%,
loss of 5-10%, stable, gain of 5-10%, and gain of >10%. We also categorized patients by quintile of variability in weight
in prior observation periods. Cox proportional hazards models explored independent associations between time-
varying weight change and weight variability and risk of CV events before and after adjusting for CV risk factors, RA
disease features, and disability.

Results. Among 31,381 participants, those who lost or gained 10% of their weight had greater disease activity and
worse physical function, and they were more likely to smoke, have diabetes mellitus, receive corticosteroids, and be
disabled. In adjusted models, a greater risk of CV events was observed in those who experienced 10% weight loss
(hazard ratio [HR] 1.18 [95% confidence interval (95% CI) 1.03-1.36], P = 0.02) or weight gain (HR 1.20 [95% CI
1.04-1.38], P = 0.01). The association between weight change and CV events was stronger among participants with
body mass index <25 kg/m? for 10% weight loss (HR 1.34 [95% CI 1.08-1.66], P = 0.001] and 10% weight gain (HR
1.74 [95% Cl 1.41-2.24], P < 0.001). Patients with greater variability in weight had a higher risk of CV events.

Conclusion. Recent changes and high variability in weight predict CV events in RA, particularly among thin
patients. Further study is necessary to determine if weight fluctuation has adverse cardiometabolic consequences that

are independent of other risk factors.
INTRODUCTION

Weight cycling, or weight fluctuation, is described as high
variability in an individual’s weight over time (alternating weight
loss and gain). In several large studies in the general population,
weight fluctuation has been associated with a greater risk of
adverse outcomes such as cardiovascular (CV) disease and
death (1). For example, among patients with coronary artery dis-
ease, those with the greatest variability in weight over time have
been shown to have a 2-fold greater risk of CV events and death
compared to those with the most stable weight (2,3).

After periods of starvation, mice that are refed gain a high
percentage of fat and demonstrate a persistently slow metabolic
rate (4). Mice that experience multiple weight cycling events also
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have greater internal fat deposition even when compared to mice
fed a high-fat diet (5). This change in metabolism and increase in
internal fat related to weight fluctuation is hypothesized to lead to
higher risk of metabolic syndrome and supports a causative role
in adverse health outcomes. However, clinical studies have not
consistently shown a higher risk of diabetes mellitus among
patients who have experienced weight fluctuation (6). Weight fluc-
tuation may also reflect, in some cases, metabolic stress related
to poor health.

Patients with rheumatoid arthritis (RA) are known to experi-
ence weight changes related to their disease, treatments, and
comorbidities (7-9). Weight loss is an important predictor of dis-
ability and death in this population (8,10-12). These fluctuations
in weight may reflect catabolic processes that are themselves
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SIGNIFICANCE & INNOVATIONS

+ Weight changes and weight fluctuation are observed
in rheumatoid arthritis in association with disease
activity, smoking, disability, and comorbidity.

* Fluctuations in weight are independently associated
with cardiovascular events, particularly among thin
patients.

+ It remains unclear whether fluctuations in weight
are predictive of cardiovascular disease through
direct detrimental effects or by acting as a marker
of poor metabolic health.

predictive of adverse CV outcomes. In cancer, changes in weight
may be most predictive among those who are already thin and
possibly experiencing disease-related cachexia (13). Thus, vari-
ability in weight can be predictive of long-term adverse events
either through a link to other underlying health problems or possi-
bly through the adverse consequences of the weight fluctuation
itself. No previous studies have evaluated weight changes and
the prediction of CV events in patients with RA.

Variability in weight is hypothesized to represent an important
predictor that might help in risk stratification in this population. We
aimed to determine factors associated with changes in weight
over time among patients with RA. We further aimed to determine
if recent weight loss and weight gain were associated indepen-
dently with a greater risk of CV events among patients with RA.
We also evaluated a previously defined measure of weight vari-
ability and its association with CV events. We hypothesized that
more dramatic changes in weight over time would be associated
with greater subsequent risk, particularly among normal and
underweight patients with RA.

MATERIALS AND METHODS

Study setting. We utilized data from the Corrona data-
base. The Corrona registry was initiated in 2001 and is the larg-
est independent database in North America, collecting data
from both rheumatologists and patients at the time of a clinical
encounter every 3-6 months. We included all participants
enrolled up to February 2017. Data are collected using struc-
tured case report forms that include medication use, RA disease
activity, function, comorbid illnesses, and acute events, such as
CV events, infections, and cancer. We included participants
with a diagnosis of RA who had at least 3 clinical visits. Registry
activities are approved by the Corrona central Institutional
Review Board. All patients signed informed consent prior to
participation.

Weight change and variability categorization. The
percent change in weight between observations was determined

for each participant. The rate of weight change was categorized
as the percent change in weight standardized to a 1-year change.
For example, a 5% change over 6 months would be considered
to represent a rate of change of 10% per year. In these data, the
median (interquartile range [IQR]) for the interval between visits
was 5.1 months (3.6-6.7 months). The rate of weight change
was categorized as <-10%, —10 to -5%, —4.99 to 4.99%, 5-
10%, and >10% change per year. Similar categories of percent
weight change have been previously defined, and a >5% weight
change over 6-12 months has been considered to represent a
clinically important change (14-16). We also summarized abso-
lute weight changes over all prior observation intervals among
observations with >2 prior observations and categorized the vari-
ability by quintile, as previously described (2,3).

Cardiovascular outcomes. At each registry visit, physi-
cians report whether adverse events have occurred between
visits. All physician-reported CV events prompt administration of
a second questionnaire to the site to confirm the CV event and
to obtain additional details and verify that it was indeed an incident
event. We also request additional information to adjudicate a pro-
portion of events including medical records from the treating
acute care hospital. All medical records were reviewed by an
adjudication committee, as described elsewhere (17). The posi-
tive predictive value of the questionnaires was 85%. The compo-
nents of the previously defined composite CV outcome utilized in
the primary analyses are shown in Supplementary Table 1, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24469/abstract (17).

Covariable assessments. \We evaluated factors that have
been incorporated in previous risk assessment tools or that have
been previously associated with weight changes in patients with
RA (7,8,17). These factors, captured at the time of each individual
visit on structured case report forms, included calendar year,
demographics, diabetes mellitus, hyperlipidemia, existing CV dis-
ease, hypertension, current smoking, alcohol use, and reported
exercise. We assessed disease activity using the Clinical Disease
Activity Index (CDAI). Physical function was assessed with the
modified Health Assessment Questionnaire (M-HAQ). We also
incorporated a measure of disease duration and current predni-
sone use (stratified by dose), methotrexate use, and tumor necro-
sis factor inhibitor use.

Statistical analysis. Observations missing key data were
excluded from the analysis. Visit 2 characteristics for the study
population were described across weight change categories
(defined based on weight changes occurring between visit 1 and
visit 2) and tested for significant differences using analysis of vari-
ance or Kruskal-Wallis tests for nonparametric data. Separate
mixed effects logistic regression models evaluated predictors of
10% weight loss and 10% weight gain by the subsequent visit
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(outcome lagged 1 visit from exposure visit) over all observations
in the data set. Models were informed by univariate associations
and by hypothesized predictors of weight change. Prehypothe-
sized predictors included age, sex, disease activity, disability,
smoking, and prednisone use. With the exception of age, race,
disease duration, history of CV disease, and history of diabetes
mellitus, we utilized time-varying exposures to model the dynamic
interaction more accurately between exposures and the outcome
over time.

Baseline (visit 2) characteristics among patients with RA were
evaluated by category of weight change since visit 1. Visit 2 was
considered baseline because it was the first visit where the expo-
sure of interest could be determined. Weight change between
each visit and the prior visit was determined and categorized as
described. We quantified overall weight variability based on the
SD of the absolute change in weight occurring over all prior obser-
vations in the data set, as previously described by Bangalore et al
(). Similar to this prior publication, this exposure was categorized
into quintiles.

Cox proportional hazards models evaluated the indepen-
dent risk associated with recent weight change or weight
variability and CV events in sequential multivariable models
adjusting for demographics and time-varying covariables

including CV risk factors, disease activity and duration, exer-
cise, and physical function and disability. Model specification
included tiered models incorporating a priori confounders.
The association between changes in CDAI score over the same
interval was also explored as a predictor of weight change. A
significant change in CDAI score was defined as an absolute
change greater than the minimum clinically important difference
(MCID) (18).

Prehypothesized interactions between current weight and
weight change or variability category were evaluated by testing
the significance of multiplicative interaction terms in fully adjusted
models and the results of stratified models presented separately.
Sensitivity analyses were also performed that evaluated the risk
of weight change focused on the following: 1) individuals with no
previous history of CV disease; 2) the development of major
adverse cardiovascular events (MACE) only (CV death, myocar-
dial infarction, stroke); 3) analyses among observations where
the distance between the current and previous visit was >2
months; and 4) adjustment for the total number of visits in the last
year. Similar results were also observed when excluding reported
body mass index (BMI) values that were identical to the prior
observation (data not shown). All analyses were performed using
Stata, version 16.0.

Table 1. Characteristics of study participants at visit 2 among patients categorized by weight change from visit 1*

Percent change in weight (visit 1 to visit 2)

<-10% >-10% to <-5% >-5% to <5% >5% to <10% >10%

Characteristic (n=3,139) (n=3317) (n=16,791) (n=3,961) (n=3972) P
Age, mean =+ SD years 582 + 139 59.3 £ 131 58.6 + 13 574+ 133 56.8 £ 13.7 <0.0001
Female 2,498 (79.6) 2,513 (75.8) 12,722 (75.8) 3,087 (77.9) 3,105 (78.2) <0.0001
RA duration, 9+98 9.5+10.2 92+97 87+97 82+94 <0.0001

mean + SD per yr
BMI, mean £ SD 305+ 7.7 296 £6.9 293 +£6.9 291 +£7 284 +£6.8 <0.0001
kg/m?
Weight, mean + SD 183 + 49 179 + 46 178 £ 45 176 £ 45 172 £ 43 <0.0001
pounds
M-HAQ score, 04+05 04+04 03+04 03+04 04+05 <0.0001
mean £ SD
CDAI score, 13+12.7 1M1.7+119 111+£113 11.8+11.6 131 +£12.2 <0.0001
mean =+ SD
Disabled 472 380 (11.5) 1,907 (11.4) 449 (11.3) 537 (13.5) <0.0001
CV disease 297 (9.5) 324(9.8) 1,433 (8.5) 363(9.2) 372(9.4) 0.0793
Hyperlipidemia 662 (21.1) 751 (22.6) 3,630 (21.6) 837 (21.1) 811 (20.4) 0.1944
Hypertension 1,039 (33.1) 1,083 (32.6) 5,280 (31.4) 1,197 (30.2) 1,191 (30) 0.0118
Diabetes mellitus 301 (9.6) 280 (8.4) 1,342 (8) 338(8.5) 352 (8.9) 0.0314
Statin use 621(19.8) 664 (20) 3,361 (20) 776 (19.6) 758 (19.1) 0.7396
TNF use 1,223 (39) 1,296 (39.1) 6,662 (39.7) 1,622 (40.9) 1,601 (40.3) 0.3582
MTX use 1,967 (62.7) 2,082 (62.8) 10,423 (62.1) 2,497 (63) 2,575 (64.8) 0.0302
Prednisone 784 (25) 742 (22.4) 3,611 (21.5) 914 (23.1) 1,126 (28.3) <0.0001
Any alcohol 1,209 (38.5) 1,361 (41) 7,363 (43.9) 1,795 (45.3) 1,638 (41.2) <0.0001
Any exercise 2,065 (65.8) 2,175 (65.6) 11,174 (66.5) 2,590 (65.4) 2,507 (63.1) 0.0017
Smoking
Never 1,697 (54.1) 1,758 (53) 9,544 (56.8) 2,249 (56.8) 2,155 (54.3)
Former 899 (28.6) 1,010 (30.4) 4,826 (28.7) 1,131 (28.6) 1,145 (28.8) <0.0001
Current 543 (17.3) 549 (16.6) 2,421 (14.4) 581 (14.7) 672 (16.9)

* Values are the number (%) unless indicated otherwise. BMI = body mass index; CDAI = Clinical Disease Activity Index; CV = cardiovascular;
M-HAQ = modified Health Assessment Questionnaire; MTX = methotrexate; RA = rheumatoid arthritis; TNF = tumor necrosis factor.
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Table 2. Factors independently associated with 10% loss of body weight (model 1) and 10% gain in body weight (model 2) by the next visit in

adjusted logistic regression models™

10% weight loss

10% weight gain

OR (95% Cl) P OR (95% Cl) P

Race (versus White)

Black 0.99 (0.93-1.05) 0.71 1.13 (1.06-1.20) <0.001

Asian 0.96 (0.85-1.09) 0.54 0.72 (0.63-0.81) <0.001
BMI category (versus <20 kg/m?)

20-25 kg/m2 1.26(1.11-1.43) <0.001 0.59 (0.54-0.65) <0.001

25-30 kg/m2 1.59 (1.40-1.81) <0.001 0.47 (0.42-0.51) <0.001

30-35 kg/m2 1.80 (1.58-2.06) <0.001 0.39 (0.35-0.44) <0.001

>35 kg/m2 2.02 (1.77-2.30) <0.001 0.32 (0.29-0.36) <0.001
Alcohol use 0.92 (0.90-0.95) <0.001 0.90 (0.88-0.93) <0.001
Exercise 0.97 (0.94-0.99) 0.02 0.98 (0.95-1.01) 0.10
CDAI category (versus remission)

Low 1.04(1.00-1.08) 0.04 1.04 (1.00-1.08) 0.052

Moderate 1.08(1.03-1.12) 0.001 1.18(1.13-1.23) <0.001

High 1.18(1.12-1.24) <0.001 1.37(1.31-1.44) <0.001
M-HAQ score (versus 0)

0-0.125 1.00 (0.95-1.05) 0.97 1.06 (1.01-1.11) 0.01

0.125-0.5 1.08 (1.04-1.12) <0.001 1.10(1.06-1.14) <0.001

0.5-1.0 1.18(1.13-1.23) <0.001 1.21(1.16-1.27) <0.001

>1.0 1.28 (1.21-1.36) <0.001 1.28 (1.20-1.35) <0.001
Disabled 1.09 (1.04-1.14) <0.001 1.09 (1.04-1.14) <0.001
Prednisone use (versus none)

1-4 mg 1.17(1.11-1.23) <0.001 1.00 (0.95-1.06) 0.964

5-9 mg 1.10 (1.05-1.15) <0.001 1.15(1.10-1.19) <0.001

>10 mg 1.12(1.05-1.19) 0.001 1.53(1.43-1.61) <0.001
Methotrexate use 0.99 (0.96-1.01) 0.37 1.05(1.02-1.08) 0.001
Biologic/tsDMARD use 1.02 (0.99-1.04) 0.30 1.01 (0.98-1.03) 0.72
Smoking (versus never)

Current 1.23(1.19-1.29) <0.001 1.11(1.07-1.16) <0.001

Former 1.11(1.07-1.14) <0.001 1.12 (1.08-1.15) <0.001
History of cardiovascular disease 1.02 (0.96-1.07) 0.54 1.08 (1.02-1.14) 0.01
Diabetes mellitus 0.97 (0.92-1.02) 0.26 1.14(1.08-1.20) <0.001
Disease duration (per day) 1.002 (1.000-1.003) <0.001 0.994 (0.992-0.996) <0.001

* Also adjusted for age, sex, and age x sex interaction. 95% Cl = 95% confidence interval; BMI = body mass index; CDAI = Clinical Disease Activity
Index; M-HAQ = modified Health Assessment Questionnaire; OR = odds ratio; tsDMARD = targeted synthetic disease-modifying antirheumatic drug.

RESULTS

Identification of factors associated with weight
fluctuations. Among 48,535 total patients in the registry,
31,180 had at least 2 follow-up visits and were not missing data
for key variables. At visit 2, 16,791 patients (54%) had stable
weight since the baseline visit. However, 3,139 (10%) lost weight
at a per-year rate of >10%, and 3,972 (13%) gained at a rate of
>10% per year. Table 1 illustrates the baseline characteristics
of patients stratified by changes in weight between visit 1 and
visit 2. There were a number of significant differences in these
baseline characteristics. Notably, those who lost or gained at a
rate of >10% of their weight per year had significantly higher dis-
ability and disease activity, were more likely to smoke and use
prednisone, and were less likely to drink alcohol. Those who
gained weight tended to be younger and have shorter disease
duration.

Independent predictors in models of weight loss and weight
gain over all observations in the registry are shown in Table 2
and Supplementary Table 2, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24469/abstract. Overall, older patients were less likely to gain
weight, and women were more likely to gain at early ages

Table 3. Sequential Cox proportional hazards models evaluating
the risk of weight change from the prior visit, adjusting for demo-
graphics, cardiovascular risk factors, disease characteristics, and
disability*

Model 1 HR (95% Cl)

Lost >10% 1.34(1.17-1.53)F 1.18 (1.03-1.36)+
Lost 5-10% 1 09 (0.95-1.25) 1.03 (0.90-1.18)
No change 1 (ref)) 1 (ref))
Gained 5-10% 1.26 (1.11-1.43)t 1.22 (1.08-1.39)8
Gained >10% 1.31(1.14-1.51t 1.20 (1.03-1.38)

* Model 1 is adjusted for age, sex, race, current body mass index,
and calendar year. Model 2 is adjusted as model 1, plus adjustment
for diabetes mellitus, hypertension, hyperlipidemia, cardiovascular
disease, statin use, smoking, alcohol, reported exercise, disease
duration, Clinical Disease Activity Index score, methotrexate use,
tumor necrosis factor inhibitor use, prednisone dose, Health
Assessment Questionnaire score, and work disability. 95%
Cl = 95% confidence interval; HR = hazard ratio; ref. = reference.

t P<0.001. $+P<0.05. §P<0.01.

Model 2 HR (95% Cl)



https://doi.org/10.1002/acr.24469/abstract
https://doi.org/10.1002/acr.24469/abstract

RISK OF CV EVENTS AND WEIGHT FLUCTUATION IN RA

233

24
@ 2.2
c
g 2
": P for interaction
LR =0.16
- [ P for interaction
a ; =0.12
g X (—
P
=14 |
3y |
i 1
S 12 |
o4
0.8
Lost >10% Lost 5-10%
of Weight of Weight

Weight

P for
interaction

=0.001
(I
P for interaction m*
=0.18
[
:“
..___ - -~
Stable Gained 5-10%  Gained >10%

of Weight of Weight

Figure 1. Adjusted hazard ratios (aHR) for the association between weight loss and weight gain from the prior visit and cardiovascular events
stratified by current body mass index (BMI) category (overweight/obese [>25 kg/m?; diamonds] versus underweight/normal [<25 kg/m?; shaded
squares]). Adjusted for age, sex, race, current BMI, calendar year, diabetes mellitus, hypertension, hyperlipidemia, cardiovascular disease, statin
use, smoking, alcohol, reported exercise, disease duration, Clinical Disease Activity Index score, methotrexate use, tumor necrosis factor inhibitor
use, prednisone dose, Health Assessment Questionnaire score, and work disability. * = P < 0.05 compared to stable weight.

compared to men. Black patients were more likely to experience
weight gain compared to White patients, and Asian patients were
less likely to lose or gain weight. There were some common pre-
dictors of both 10% weight loss and 10% wait gain, shown in
Table 2. These included higher CDAI score, prednisone use
(=5 mg), higher disability scores, disability from work, current or
former smoking, and abstaining from alcohol use. For example,
patients with high CDAI scores had significantly higher risk of both
weight loss (odds ratio [OR] 1.18 [95% confidence interval (95%
Cl) 1.12-1.24], P < 0.001) and weight gain (OR 1.36 [95% CI
1.30-1.43], P <0.001). A diagnosis of diabetes mellitus was
associated with a greater odds of weight gain. Exercise was asso-
ciated with a lower odds of weight loss. An improvement in dis-
ease activity more than the MCID was associated with a lower
likelihood of weight gain (OR 0.95 [95% Cl 0.92-0.9§],
P =0.002) but was not associated with weight loss (OR 1.02
[95% CI 0.99-1.05], P = 0.32) over the same time interval after
adjustment (full models not shown).

Weight loss and weight gain and associations with
CV disease risk. A total of 31,180 participants were included in
analyses focused on prediction of CV events. The median
follow-up time was 3.4 years (IQR 1.5-6.1 years), and the median
time to event was 2.9 years (IQR 1.2-5.6 years). In models adjust-
ing for age, sex, race, BMI, and calendar year, weight gain and
weight loss were each associated with a greater risk of CV events
(Table 3). The strength of this association was partially attenuated
but still significant after the adjustment for CV risk factors, disease
characteristics, physical function, and disability. For example, a
10% loss of weight since the prior visit was associated with an
18% greater risk of GV events (hazard ratio [HR] 1.18 [95% CI
1.032-1.36], P = 0.02).

In analyses stratified by BMI above and below 25 kg/m?, the
effect of 10% weight loss on the risk of CV events was numerically
stronger for thinner participants (HR 1.34 [95% CI 1.08-1.66],
P =0.001 [P for interaction =0.16]) (see Figure 1 and
Supplementary Table 3, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24469/
abstract). The effect of 10% weight gain was significantly more
pronounced among thin participants (HR 1.74 [95% CI 1.41-
2.24], P < 0.001 [P for interaction = 0.001]). Other factors asso-
ciated with a greater risk of CV events included older age,
male sex, higher disease activity, higher reported M-HAQ score,
active smoking, and prednisone use (full model in Supplemen-
tary Table 4, available on the Arthritis Care & Research web-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24469/
abstract).

Weight variability and associations with CV disease
risk. Mean + SD weight variability increased from quintile 1 to
quintile 5 (mean 0.5, 1.2, 1.7, 2.4, 5.4, respectively). Higher quin-
tiles were associated with higher CV risk. In the overall population,
higher quintiles were associated with a higher risk compared to
the lowest quintile after adjustment (quintile 5 versus quintile 1:
HR 1.23 [95% CI 1.06-1.58], P = 0.005) (Figure 2). Among
underweight and normal-weight patients, there was a significantly
greater risk of CV events among those with the greatest weight
variability (quintile 5 versus quintile 1: HR 1.42 [95% CI 1.08-
1.85], P = 0.01). Associations between weight variability and CV
events were statistically similar among those above and below
25 kg/m? (P for interaction = 0.19).

Sensitivity analyses. Results were similar when limiting
analyses to participants without a prior history of CV disease
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Figure 2. Association between variability in weight over all prior
observations (per quintile) and subsequent cardiovascular events.
Analysis shown for patients with body mass index (BMI) 225 kg/m?
(diamonds) and for those with BMI <25 kg/m? (squares). Adjusted
for age, sex, race, current BMI, calendar year, diabetes mellitus,
hypertension, hyperlipidemia, cardiovascular disease, statin use,
smoking, alcohol, reported exercise, disease duration, Clinical Dis-
ease Activity Index score, methotrexate use, tumor necrosis factor
inhibitor use, prednisone dose, Health Assessment Questionnaire
score, and work disability. * = P < 0.05; aHR = adjusted hazard ratio.

(not shown), when adjusting for the number of clinical visits over
the prior year, and when excluding participants with <2 months
between visits (to reduce the overestimation of change related to
small changes over short periods; not shown). When limiting the
analysis to MACE events, a significant association was observed
only for 10% weight gain among patients with BMI <25 kg/m?
(HR 2.08 [95% CI 1.40-3.09], P < 0.001) (full model can be found
in Supplementary Table 5, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24469/abstract).

DISCUSSION

These data support the importance of weight fluctuations in
the prediction of CV events in patients with RA. The predictive
value of recent weight fluctuation appears to be observed among
RA patients who have normal or low BMI, suggesting that fluctu-
ating weight in this group should raise concern. The immediate
implication of these results is that risk stratification in RA may ben-
efit from attention to recent weight changes and overall variability
of weight over time, particularly among patients with normal to
low BMI.

This study identified a number of factors associated with clini-
cally significant weight changes among patients with RA. These
data shed additional light on the factors implicated in weight
changes over time and causes of weight fluctuation among
patients with RA. In this study, weight loss was more likely among
older participants, smokers, those with greater disability and

comorbidity, those who were more sedentary, those who
abstained from alcohol, and those with greater disease activity
and use of prednisone. Weight gain was also more likely among
those with higher disease activity and greater disability as well as
among younger patients, patients with diabetes mellitus, smokers,
and those who abstained from alcohol. Overall, these observations
emphasize how factors such as RA disease activity, disability,
aging, and behavioral factors are likely to contribute significantly to
shifts in weight over time. In other words, multiple measures of poor
overall health are likely to contribute to weight fluctuations over
time, suggesting that these factors likely affect metabolism and/or
diet. Because of the relationship between poor health and weight
fluctuations, it may be difficult to make inferences about the pres-
ence of any causal adverse impact of weight fluctuation itself, as
has been proposed elsewhere (2,3). However, cardiometabolic
changes have been described in mice that experience weight fluc-
tuation (5), suggesting that the process of weight fluctuation may
itself lead to adverse outcomes through adverse effects on metab-
olism and promotion of cardiometabolic disease (2,3).

The association between recent weight change and CV out-
comes was observed primarily among individuals with low and
normal BMI. This distinction is important because thin individuals
may be overlooked when considering CV risk and are in the great-
est need of better risk prediction tools. In other words, substantial
weight fluctuation in a thin patient with RA might help to promote
areevaluation of CV risk. The relevance of weight fluctuation has also
been shown to be more important among thin patients in studies in
other populations, including those with cancer (4,13,19).

It was outside of the scope of the current study to evaluate
the incorporation of weight fluctuation in clinical tools to predict
CV disease (17). However, the strength of the association in this
population is similar to other risk factors observed that are typi-
cally utilized to predict long-term risks. Weight fluctuation can be
easily measured and visualized in the electronic medical record.
The quantification of weight fluctuation could be algorithmicized
and provide additional data to clinical providers. Further study
may help to quantify the added value of incorporating such infor-
mation into risk stratification algorithms.

As with many observational studies, the nature of these data
does not allow distinguishing intentional and unintentional weight
change. Weight fluctuation in this population may reflect inten-
tional changes in diet and exercise or may instead represent unin-
tentional changes as the result of catabolic processes related to
the underlying disease or comorbid conditions. It seems more
likely that these changes are largely unintentional in nature based
on prior studies showing that a greater proportion of weight loss
is unintentional among older individuals (20). Unintentional weight
loss in other populations has been described to have important
implications for long-term health (20-23).

This study demonstrates that fluctuations in weight are predic-
tive of CV events in patients with RA and may aid in risk stratification
among normal or underweight patients. However, the current
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observational study is unable to determine whether weight fluctua-
tion is a causal mediator or whether it simply represents a marker
of adverse processes related to severe disease or comorbidity.
While we adjusted for a number of important variables, unmeasured
confounding may still be present. There are therefore insufficient
data to support the initiation of specific interventions with the aim
of preventing weight fluctuation. This study focused on CV disease,
a common cause of morbidity and mortality in this population; how-
ever, future study should also evaluate the prediction of other impor-
tant outcomes such as malignancy, disability, as well as CV and
overall mortality. Strengths of this study include the large cohort of
patients with confirmed RA, the adjudicated definition of CV events,
the long-term follow-up, and the detailed collection of important
covariables commonly used in the prediction of CV disease risk in
addition to disease-specific variables.

In conclusion, weight fluctuation is independently associated
with higher CV risk among patients with RA (particularly among
patients with low or normal BMI). This association between weight
fluctuation and metabolic processes may be partially related to its
association with aging, active disease, prednisone use, smoking,
disability, and comorbidity. The observation of weight fluctuation
in a thin patient with RA should prompt a reevaluation of CV risk.
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Objective. To examine associations between sunlight exposure and anti—citrullinated protein antibodies (ACPAs)
using general population data in Quebec, Canada.

Methods. A random sample of 7,600 individuals (including 786 subjects who were ACPA positive and 201 self-
reported rheumatoid arthritis [RA] cases) from the CARTaGENE cohort was studied cross-sectionally. All subjects were
nested in 4 census metropolitan areas, and mixed-effects logistic regression models were used to calculate odds
ratios (ORs) and 95% confidence intervals (95% Cls) for ACPA positivity related to sunlight exposure, adjusting for
sun-block use, industrial fine particulate matter (PM, 5) exposures, smoking, age, sex, French Canadian ancestry,
and family income. We also performed sensitivity analyses excluding subjects with RA, defining ACPA positivity by
higher titers, and stratifying by age and sex.

Results. The adjusted ORs and 95% Cls did not suggest conclusive associations between ACPA and sunlight
exposure or sun-block use, but robust positive relationships were observed between industrial PM, 5 emissions and
ACPA (OR 1.19 per ug/m® [95% CI 1.03-1.36] in primary analyses).

Conclusion. We did not see clear links between ACPA and sunlight exposure or sun-block use, but we did note
positive associations with industrial PM, 5. Future studies of sunlight and RA (or ACPA) should take air pollution expo-

sures into account.

INTRODUCTION

There is growing interest in the link between sunlight expo-
sure and the risk of rheumatoid arthritis (RA) (1). Vitamin D synthe-
sis is greatly dependent on ultraviolet B (UVB) rays, and vitamin D
insufficiency is a risk factor for RA (2). The higher RA risk in north-
ern versus southern US may be explained by lower UVB exposure
(8). Another US study demonstrated an inverse association
between UVB light exposure and RA risk, but only included
females and assigned a single UVB exposure level to the resi-
dents of each state, likely causing significant measurement error
(1). Increasing efforts are aimed at reducing sun exposure
(e.g., using sun-block) (4); however, these were not considered
in previous studies (1,5,6).
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Anti-citrullinated protein antibodies (ACPAS) are a character-
istic finding in RA and may predate clinical manifestations (7).
Despite the interest in sunlight exposure and RA, associations
between sunlight exposure and ACPAs have never been exam-
ined. Accordingly, we explored for associations between sunlight
exposure and ACPA positivity in general population subjects in
Quebec, Canada, while controlling for sun-protective behavior.

MATERIALS AND METHODS

Study population and sera samples. The CARTaGENE
study (www.cartagene.qc.ca) enrolled 43,000 general population
subjects ages 40-69 years as part of the Canadian Partnership
for Tomorrow Project, to investigate the health effects of genetics,
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SIGNIFICANCE & INNOVATIONS

+ Sunlight exposure has been associated with lower
rheumatoid arthritis (RA) risk, but no one has ever
studied sunlight exposure and anti-citrullinated
protein antibodies (ACPAs).

+ Controlling for sun-protective behavior and air pol-
lution, we did not detect conclusive associations
between sunlight exposure and ACPAs.

+ Sun-block use did not correlate with ACPAs, but
industrial emissions of fine particulate air pollution
were clearly associated with these antibodies.

« Future studies of sunlight exposure and RA/RA-
related antibodies should take air pollution expo-
sures into account.

behavior, family history, and environment (8). All Canadian citizens
have universal provincial health insurance, and those who resided
in the province of Quebec for at least 5 years were randomly
selected (from the provincial health insurance registry) and invited
to participate in the CARTaGENE cohort. Sociodemographic fac-
tors (e.g., age, sex, French Canadian ancestry, family income) and
smoking were collected at baseline. These variables are potential
confounders or effect modifiers of associations between sunlight
and/or other environmental factors (e.g., air pollution) and ACPAs
(6,9). Sun-block use (i.e., rarely, sometimes, and often), informa-
tion also collected in CARTaGENE subjects at baseline, may
affect how much UVB reaches the skin and thus was also
adjusted for. Baseline CARTaGENE data also include self-report
of RA (subjects being asked if they have received an RA diagno-
ses made by physicians). Consent was obtained from subjects
participating in the study prior to conducting the study. The study
was reviewed by the McGill University Faculty of Medicine ethics
review committee and was given full approval to conduct
(#A04-M46-12B). In addition, the CARTaGENE scientific review
committee, affiliated with the Centre Hospitalier Universitaire
Sainte-Justine (project #582582) provided approval for data and
samples to be analyzed.

We chose a random sample (n = 7,600) from CARTaGENE
subjects enrolled between 2009 and 2010. Biobanked serum
samples were assessed for ACPAs by chemiluminescence immuno-
assay (CCP3.0; Inova Diagnostics). An ACPA titer of >20 units/ml
was initially used to define positivity; we conducted sensitivity
analyses with titers >40 units/ml (10).

Sunlight and industrial particulate matter (PM;s)
exposures. The CARTaGENE baseline data set contains 2 cate-
gorical variables related to self-reported daily sunlight exposure
(i.e., <30 minutes, 30-60 minutes, 1-2 hours, 2-3 hours, 3-4
hours, and >4 hours), 1 for weekdays and 1 for weekends. Given
previous work showing associations between industrial PMs 5
emissions and ACPAs (9), we calculated total PM, 5 emissions

from industrial sources within 4 km of each subject’s baseline
6-digit postal code, based on National Pollutant Release Inven-
tory data, and a 3-dimensional atmospheric model (11). Funda-
mental inputs for the atmospheric model come from ground
monitoring stations (wind speed, air temperature), and satellite
images (terrain) (12).

Statistical analysis. Subjects of the first CARTaGENE
recruitment wave were nested in the 4 census metropolitan areas
(CMAs) of Quebec, Canada (i.e., Montreal, Quebec City, Sher-
brooke, and Saguenay-La-Saint-Jean). In Canada, a CMA is an
area consisting of several neighboring municipalities around a
major urban core, with a total population of at least 100,000.
Though the 4 geographically adjacent CMAs should have similar
annual mean UVB radiation and cloud cover (3), to account for
spatial differences in average UVB, we used a mixed-effects logis-
tic regression, in which the CMA was set as the random effect and
the other variables (i.e., daily sunlight exposure hours for week-
days and weekends, frequency of sun-block use, sex, French
Canadian ancestry, smoking, family income level, industrial
PM, 5 exposure, and age) were treated as fixed effects. Among
fixed-effect predictor variables, only PM,s and age were
continuous.

Additional sensitivity analyses were performed sequentially.
Since RA patients often have decreased mobility and may remain
indoors more than people without RA, we removed all subjects
with RA at the time of cohort entry in our first sensitivity analyses
and developed another mixed-effects logistic regression model
with the same variable settings in the primary analysis. Next, we
dichotomized the original daily sunlight exposure variables into
2 categories (i.e., <1 hour and >1 hour) and combined the
2 dichotomized categorical variables into 1 with 4 levels (i.e., the
4 possible category combinations of the 2 dichotomized sunlight
exposure variables for weekdays and weekends) to indicate an
individual’'s overall weekly sunlight exposure. We used 1 hour as
the cut point to ensure the divided 2 groups having the closest
numbers of subjects for either weekdays or weekends. We car-
ried out a second sensitivity analysis, in which the 2 original sun-
light exposure variables were replaced by the overall sunlight
exposure variable, patients with RA were excluded, and the
covariates in the primary analysis were maintained. In the third
sensitivity analysis, the threshold of ACPA positivity was
increased to 40 units/ml, and the other variables were maintained
the same as with the second sensitivity analysis. In the fourth sen-
sitivity analysis, we followed the methods of a previous UVB and
RA study to stratify the subjects by age (i.e., age <52
and >52 years) (1), using the 20 units/ml threshold and excluding
subjects with RA. To further compare with previous studies (1,6)
that only included females, we conducted another sensitivity anal-
ysis that stratified subjects by sex. Finally, we repeated the above
sensitivity analyses adjusting for sun exposure and sunblock use
but not industrial PM, 5 exposure.
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Table 1. Adjusted odds ratios for associations between sunlight exposures and ACPA positivity (=20 units/ml)*

Variables Overall Excluding RA
Sunlight exposure for weekdays
<30 minutes Ref. Ref.
30-60 minutes 0.89(0.70-1.12) 0.85(0.67-1.07)
1-2 hours 1.08 (0.83-1.41) 1.04(0.79-1.36)
2-3 hours 0.87 (0.62-1.21) 0.79 (0.56-1.12)
3-4 hours 0.83(0.53-1.31) 0.83(0.53-1.31)
>4 hours 0.80 (0.48-1.35) 0.76 (0.45-1.29)
Sunlight exposure for weekends
<30 minutes Ref. Ref.
30-60 minutes 1.03(0.78-1.36) 1.04(0.78-1.39)
1-2 hours 0.85(0.63-1.14) 0.85 (0.63-1.15)
2-3 hours 1.01 (0.74-1.38) 1.04 (0.76-1.44)
3-4 hours 0.99 (0.68-1.43) 1.03(0.71-1.49)
>4 hours 1.22(0.82-1.82) 1.29(0.86-1.93)
Sun-block use
Rarely Ref. Ref.
Sometimes 0.88 (0.70-1.12) 0.89(0.70-1.12)
Often 1.00 (0.83-1.21) 0.98 (0.81-1.19)
Industrial PM, s exposuret 1.19(1.03-1.36) 1.19 (1.03-1.36)
Age 1.01 (1.00-1.02) 1.01 (1.00-1.03)
Sex
Male Ref. Ref.
Female 1.01 (0.85-1.20) 0.98 (0.82-1.16)
Ancestry
French Canadian Ref. Ref.
Other 0.98 (0.83-1.17) 1.05 (0.88-1.25)
Smoking
Never Ref. Ref.
Occasional 0.96 (0.74-1.23) 0.93(0.72-1.21)
Daily 1.09 (0.85-1.42) 1.08 (0.83-1.41)
Annual income level, Canadian $
<25,000 Ref. Ref.
25,000-49,999 0.98 (0.72-1.33) 1.00(0.72-1.37)
50,000-74,999 0.99 (0.73-1.34) 1.03(0.75-1.41)
75,000-149,999 0.93(0.69-1.25) 0.95 (0.70-1.30)
>150,000 1.02 (0.72-1.44) 1.07(0.74-1.53)

*Values are the odds ratio (95% confidence interval). ACPA = anti-citrullinated protein antibody;
PM, s = particulate matter; RA = rheumatoid arthritis; Ref. = reference.
T Odds ratios reported per increase in 1 ug/m?3, a value well above median levels.

RESULTS

Of the 7,600 subjects, 76.2% lived in Montreal, 15.3% were
residents of Quebec City, 4.3% were from Saguenay-La-Saint-
Jean, and 4.1% lived in Sherbrooke. Mean + SD age was
54.1 + 7.7 years, 50.1% were female, and French Canadians
made up 68.2% of subjects. Many subjects reported that they
often (49.1%) or sometimes (21.2%) used sun block, while the
remaining (29.7%) rarely did. Two-fifths of the subjects (40.4%)
never smoked, 14.3% smoked daily, and the remaining smoked
occasionally. Approximately one-tenth of subjects (9.8%) lived
below the lowest family income level (for details, see Supplemen-
tary Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24448/abstract),
11.5% belonged to the highest level for family incomes, and the
remaining subjects fell between these ranges.

Among the 7,600 subjects, 786 had ACPA levels above
20 units/ml, and 292 had a titer above 40 units/ml. A total of

201 individuals in our sample reported physician-diagnosed
RA when they entered the cohort, and 37 subjects had
both RA and ACPA positivity. Only 35.5% of subjects were
exposed to sunlight beyond 1 hour every weekday, and
62.7% had >1 hour of daily sunlight exposure on weekends.
Industrial PM, 5 concentration estimates across Quebec for
2005-2010 varied from 0.03 to 14.09 pg/m® (mean + SD
0.21 4+ 0.40 pg/m®). More detailed comparisons of baseline
information between ACPA-positive and ACPA-negative subjects
are shown in Supplementary Table 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24448/abstract.

The adjusted odds ratios (ORs) and corresponding 95%
confidence intervals (95% Cls) did not suggest conclusive rela-
tionships between sunlight exposure (treated as either 1 or 2 cate-
gorical variables) and ACPAs at either threshold (Tables 1 and 2).
As expected, ACPA positivity was more common with older age.
However, no clear association between sunlight exposure and
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Table 2. Adjusted odds ratios for associations between the overall sunlight exposure and ACPA positivity

defined by different thresholds*

(n=7,289; +ACPA = 740)

20 units/ml

40 units/ml

(n=6,813; +ACPA = 264)

Overall sunlight exposure
Weekday: <1 hour; weekend: <1 hour
Weekday: <1 hour; weekend: >1 hour
Weekday: >1 hour; weekend: <1 hour
Weekday: >1 hour; weekend: >1 hour
Sun-block use
Rarely
Sometimes
Often
Industrial PM, s exposuret
Age
Sex
Male
Female
Ancestry
French Canadian
Other
Smoking
Never
Occasional
Daily
Annual income level, Canadian $
<25,000
25,000-49,999
50,000-74,999
75,000-149,999
>150,000

Ref.
0.88 (0.71-1.09)
0.78 (0.36-1.72)
0.96 (0.79-1.17)

Ref.
1.06 (0.76-1.49)
0.99(0.31-2.22)
1.18(0.87-1.60)

Ref. Ref.
0.88 (0.70-1.12) 0.87 (0.60-1.26)
1.00 (0.83-1.21) 0.83(0.61-1.14)
1.18(1.03-1.36) 1.23(1.04-1.45)
1.01 (1.00-1.02) 1.01 (0.99-1.03)
Ref. Ref.
1.02 (0.86-1.20) 1.25(0.95-1.65)
Ref. Ref.

1.04 (0.87-1.24) 1.06 (0.80-1.41)
Ref. Ref.
0.93(0.72-1.21) 0.83(0.56-1.24)
1.08 (0.83-1.40) 0.81(0.54-1.21)
Ref. Ref.

1.00 (0.73-1.37) 1.02 (0.61-1.66)
1.03(0.75-1.41) 0.98 (0.59-1.61)
0.96 (0.71-1.30) 0.97 (0.60-1.56)

)

1.09(0.77-1.55

1.07 (0.60-1.89)

* Values are the odds ratio (95% confidence interval). Subjects with rheumatoid arthritis were removed from
the regressions. When the 40 units/ml threshold was used to define anti-citrullinated protein antibody
(ACPA) positivity, subjects with ACPA >20 units/ml but <40 units/ml were excluded from the analysis.

PM, s = particulate matter; Ref. = reference.

t Odds ratios reported per increase in 1 ug/m>, a value well above median levels.

ACPAs was seen for any age/sex group (Table 3). No clear associ-
ations between sun-block use and ACPAs were seen in any of our
models. However, significant correlations between industrial PM, 5
and ACPA positivity were observed in all of our analyses, although
analyses limited to older adults lacked precision. In addition, daily
smoking was associated with increased ACPA positivity in women
(Table 3 and Supplementary Table 2, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24448/abstract). Without adjusting for industrial PM, s,
conclusive relationships between sunlight exposure/sun-block
use and ACPAs were not observed either, but most of the adjusted
ORs were slightly larger than those with adjusting for the covariate
(see Supplementary Tables 2 and 3, at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24448/abstract).

DISCUSSION

Our study is the first to assess sunlight exposure and ACPA
positivity. We used more sophisticated approaches than prior
studies of sunlight and RA. Compared to those studies (1,5,6),
we took additional sun-block use and air pollution into account.
In a prior study (9), a simple metric of distance to major industrial
emitters was used to assess the association between industrial

air pollution exposure and ACPA positivity, while in the current
study, we used a 3-dimensional atmospheric model (i.e.,
CALPUFF), which accounts for the effects of spatiotemporally
varying meteorologic conditions on transport, transformation,
and dissipation of PM, 5. Thus, we assigned more accurate esti-
mates of industrial PM, 5 exposures in our current study than in
our previous work (12). In the study by Arkema et al (1), all sub-
jects living in a given state were assigned the same mean annual
exposure, although UVB radiance levels may vary considerably
across the region of a state. Moreover, residence in a state with
a higher UVB radiance level does not necessarily mean that an
individual has a higher UVB exposure than people living in another
state, since UVB exposure relates also to the amount of time
spent in outdoor activities. By contrast, in our study, we assigned
sunlight exposure levels based on self-reported daily exposure
hours and reduced the spatial biases of average UVB radiance
by setting CMA as a random effect in our models. Additionally,
previous population-based studies (1,6) only included females,
while we studied both sexes.

In our sample, 2.6% of subjects reported a physician diagno-
sis of RA before they entered the cohort. These individuals possi-
bly had less sun exposure due to RA, decreasing their ability to
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participate in occupations (e.g., mail delivery) or activities
(e.g., hiking) associated with sun exposure. After excluding sub-
jects with RA from our multivariate analyses, clear associations
between ACPAs and sunlight exposure and sun-block use were
still not seen. This result does not necessarily mean that our find-
ings are contradictory with previous studies of sunlight exposure
and RA (1,5,6), because although ACPA positivity is a specific
marker of RA, some RA patients may not have this antibody (par-
ticularly when assessed only once), while conversely, in some
cases the antibody appears well before disease onset (13). Expo-
sure to sunlight may be tied to exposure to air pollution. The sig-
nificant relationship between ACPA positivity and industrial
PM, 5 exposure suggests the need to adjust for air pollution in
future studies of sunlight exposure and RA or ACPAs. We were
unable to establish a clear relationship between ACPA positivity
and industrial PM, 5 exposure in the older age group. The dimin-
ished sample size after stratifying the subjects by age resulted in
low power and relatively wide Cls, which included the null value.

The overall frequency of ACPAs in our sample is relatively high
compared with other studies of non-RA subjects but in part this fre-
quency may be due to the fact that age and comorbidity are asso-
ciated with autoantibody positivity in the absence of RA (14). All of
our subjects were age >40 years (with well over half age >52
years), and many CARTAGENE participants have a comorbidity (8).

The 2 variables regarding sunlight exposure in the CARTa-
GENE cohort are self-reported, and thus a few participants may
not accurately estimate their daily sunlight exposure hours on
weekdays and weekends. An additional limitation of our study is
that we were unable to completely adjust for race/ethnicity, since
we only had information on French (i.e., European) ancestry. Pre-
vious studies have demonstrated that UVB absorption is higher in
Caucasians (15), which would include those of French ancestry,
but also some subjects of non-French ancestry. For people of
the same race/ethnicity, their skin types are also likely to be differ-
ent. Moreover, a very small portion of the participants may have
experienced severe sunburns before they entered the cohort. Dif-
ferent skin type and severely sunburned skin may influence UVB
absorption and sun behaviors of the participants. Additionally,
the CARTaGENE questionnaire only collected the frequency of
using sun protection in the summer when participants were in
the sun for >30 minutes, but the questionnaire lacked more
detailed information on sun protection, such as the amount of
sun-block used and how much exposed skin was protected by
sun block. These incomplete ascertainments in our sample may
have prevented us from detecting effect modification related to
this variable on ACPAs. Thus, additional studies assessing dis-
tinct race/ethnicity groups and skin types would be helpful to
compare with and/or reinforce the current findings.

In conclusion, although a few studies have reported that sun-
light exposure is associated with a lower RA risk, we did not see
any clear associations of sunlight exposure (or sun-block use) with
ACPAs. Significant positive relationships between industrial PM, 5

emissions and ACPAs were observed. Additional work is needed
to follow-up ACPA-positive subjects without RA, to establish
whether environmental factors (like air pollution, sunlight expo-
sure, and other variables) could alter later risk of RA development.
In addition, future studies of sunlight exposure and RA (or
RA-related antibodies) should consider taking air pollution
exposures into account.
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Inflammation of the Sacroiliac Joints and Spine and
Structural Changes on Magnetic Resonance Imaging in Axial
Spondyloarthritis: Five-Year Data From the DESIR Cohort

Sofia Ramiro,” 2 Robert Landewé,® Anna Molt6,* Pascal Claudepierre,®
Maxime Dougados,” and Désirée van der Heijde®

Alexandre Sepriano,’
Daniel Wendling,®

Objective. To test the impact of inflammation on structural changes occurring in the sacroiliac (Sl) joints and the
spine detected on magnetic resonance imaging (MRI).

Methods. Patients with early axial spondyloarthritis (SpA) from the Devenir des Spondylarthropathies Indifferéren-
ciées Récentes (DESIR) cohort were included. MRIs of the Sl joints (MRI-SI joints) and spine (MRI-spine), obtained at
baseline, 2 years, and 5 years, were scored by 3 central readers. Inflammation and structural damage on MRI-SI joints
and MRI-spine were defined by the agreement of >2 of 3 readers (binary outcomes) and by the average of 3 readers
(continuous outcomes). The effect of inflammation (MRI-SI joints/MRI-spine) on damage (MRI-SI joints/MRI-spine,
respectively) was evaluated in 2 models: 1) a baseline prediction model (the effect of baseline inflammation on damage
assessed at 5 years); and 2) a longitudinal model (the effect of inflammation on structural damage assessed during a
5-year period).

Results. A total of 202 patients were included. Both the presence of bone marrow edema on MRI-SI joints and on
MRI-spine at baseline were predictive of 5-year damage (>3 fatty lesions) on MRI-SI joints (odds ratio [OR] 4.2 [95% con-
fidence interval (95% CI) 2.4, 7.3]) and MRI-spine (OR 10.7 [95% CI 2.4, 49.0]), respectively, when adjusted for C-reactive
protein level. The association was also confirmed in longitudinal models (when adjusted for Ankylosing Spondylitis Dis-
ease Activity Score) both in the Sl joints (OR 5.1 [95% CI 2.7, 9.6]) and spine (OR 15.6 [95% CI 4.8, 50.3]). Analysis of other
structural outcomes (i.e., erosions) on MRI-SI joints yielded similar results. In the spine, a significant association was
found for fatty lesions but not for erosions and bone spurs, which occurred infrequently over time.

Conclusion. We found a predictive and longitudinal association between inflammation detected on MRI and sev-
eral types of structural damage detected on MRI in patients with early axial SpA, which adds to the evidence for a

causal relationship.
INTRODUCTION

Axial spondyloarthritis (SpA) is a disease predominantly
characterized by involvement of the axial skeleton. Axial involve-
ment often translates into imaging abnormalities, which usually
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represent either an underlying inflammatory or structural lesion.
Magnetic resonance imaging (MRI) of the sacroiliac (Sl) joints
(MRI-SI joints) and spine (MRI-spine) is a modality to detect,
quantify, and evaluate (change of) axial inflammation in axial
SpA. Thus far, conventional radiographs have been prescribed
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SIGNIFICANCE & INNOVATIONS

+ There is a predictive and longitudinal association
between inflammation detected on magnetic reso-
nance imaging (MRI) and the development of struc-
tural damage on MRI in the sacroiliac (SI) joints
(fatty lesions and erosions) and spine (fatty lesions)
over 5 years in early axial spondyloarthritis (SpA).

+ The association between inflammation and damage
is detected with more precision in the S| joints
where, compared to the spine, structural damage
prevails in early disease.

+ This is the first time that a relationship is proven
between inflammation and damage when both are
assessed on MRI, confirming the known relation-
ship between inflammation and structural damage
on radiographs in axial SpA.

+ These findings suggest that MRI, especially of the SI
joints, is a valid alternative to conventional radio-
graphs in detecting the structural consequences of
axial inflammation in patients with early axial SpA.

for assessing progression of structural damage in clinical prac-
tice and research.

Patients with axial SpA experience varying levels of radio-
graphic progression (e.g., the occurrence of radiographic sacroil-
iitis and new syndesmophytes) (1-4). Identifying patients with a
higher likelihood of damage accrual is key to tailoring treatment
strategies early in the disease course. Elevation of C-reactive pro-
tein (CRP) level, disease activity as measured with the Ankylosing
Spondylitis Disease Activity Score (ASDAS), and bone marrow
edema (BME) on MRI-SI joints or MRI-spine have been shown to
associate with increased probability of structural progression on
conventional radiographs (3,5-12). Evidence is scarce, however,
in early disease and mostly limited to studies in which structural
damage was measured with conventional radiographs.

The interpretation of data stemming from the above-
mentioned studies may be jeopardized by limitations of the instru-
ments used to measure structural progression, especially at the
level of the Sl joints. It is well established that radiographic sacro-
ilitis defined by the modified New York criteria (mNY) is poorly reli-
able (13-15). Investigators have been implementing strategies to
improve the signal-to-noise ratio by, for instance, combining judg-
ments from >2 trained central readers (3). Still, these strategies
cannot fully eliminate the noise.

In recent years, there has been a growing interest in evaluat-
ing axial damage with other imaging modalities, such as MRI. Def-
initions for individual lesions (e.g., fatty lesions, erosions) have
been proposed, and composite scores validated (16-19).
Although MRI-detected lesions, as any outcome measure, are
far from being error free, available literature shows higher reliability
for MRI-SI joints compared to pelvic radiographs in detecting
structural lesions (20). A better signal-to-noise ratio, in theory,

improves the ability to detect change and predictors thereof,
especially in early disease where, at the group level, damage is
known to be limited and to progress slowly (3,21).

Thus far, no study has assessed the effect of inflammation on
structural damage evaluated on MRI. We aimed to test the effect
of inflammation on several types of structural lesions both
assessed by MRI and at the level of the Sl joints and the spine in
patients with early axial SpA.

PATIENTS AND METHODS

Patients and study design. Five-year data from patients
with early axial SpA from the Devenir des Spondylarthropathies
Indifferérenciées Récentes (DESIR) cohort have been used (22).
Patients had to have >2 consecutive MRl images (either of the S
joints or spine) during the 5-year follow-up period to be included.
The database used for the current analysis was locked on June
20, 2016. The study was conducted according to Good Clinical
Practice guidelines and was approved by the appropriate local
ethics committees. Written informed consent had been obtained
from participating patients before inclusion.

Imaging scoring procedures. MRI-S| joints and MRI-
spine were performed at baseline for all patients. By protocol, at
2 and 5 years of follow-up, MRIs were only performed in partici-
pating centers in Paris (n = 9 of the 25 participating centers). Each
image was independently scored by 3 trained central readers
blinded to chronology and clinical data. MRI-SI joints and MRI-
spine were performed on a 1.0-1.5T scanner providing
T1-weighted turbo spin-echo and short tau inversion recovery
sequences. Scanning was performed in a coronal oblique plane
for the Sl joints and in a sagittal plane for the spine, with a slice
thickness of 4 mm. A detailed description of the MRI protocol in
the DESIR cohort has been reported previously (23,24).

Structural damage on MRI. The Spondyloarthritis
Research Consortium of Canada (SPARCC) MRI-SI joints struc-
tural score by Weber et al was used to define individual structural
lesions on MRI-SI joints (18). In the absence of a formal definition
for structural damage on MRI-SI joints, we considered 3 defini-
tions previously shown most discriminatory between axial SpA
and no axial SpA: >5 fatty lesions and/or erosions; >3 erosions;
and >3 fatty lesions (25). Continuous structural lesions on MRI-
Sl joints were defined as number of erosions, number of fatty
lesions (range of both 0-40), number of fatty lesions and/or ero-
sions (range 0-80), and as the total number of lesions including
fatty lesions, erosions, and partial ankylosis/total ankylosis with
the addition of sclerosis (not in the original score) (range 0-144).

Structural lesions on MRI-spine were scored according to
the Canada-Denmark (CANDEN) method, modified to include
only corner lesions (16,17). Similar to MRI-Sl joints, in the absence
of a formal definition, we defined structural damage on MRI-spine
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as >5 fatty lesions, which has been previously shown highly spe-
cific for axial SpA (25,26). In addition, we also considered >5 fatty
lesions and/or erosions; >3 erosions; >3 fatty lesions; and >3
bone spurs. The total number of fatty lesions, erosions, bone
spurs (range 0-92 for each), fatty lesions and/or erosions (range
0-184), and the total number of structural lesions (fatty lesions,
erosions, bone spurs, including also ankylosis; range 0-322)
was assessed as continuous structural outcomes.

Inflammation on MRI. Inflammation on MRI-SI joints was
assessed using the Assessment of SpondyloArthritis international
Society (ASAS) definition (positive/negative) and the SPARCC
score (range 0-72) (27-29). BME on MRI-spine was defined
according to the ASAS definition (>3 vertebral corner lesions;

Table 1. Baseline patient and disease characteristics comparing
patients with magnetic resonance imaging (MRI) results available for
>2 consecutive (included) visits to those without (excluded)*

MRI on >2 MRI on <2
consecutive consecutive
Characteristic visits (n = 202) visits (n = 60)
Age at baseline, mean + SD 34+9 33+8
years
Male sex 96 (48) 27 (45)
Symptom duration, mean + SD 241 1T£1
years
HLA-B27 125 (62) 32 (53)
ASAS axial SpA criteria 133 (66) 35 (60)
Sacroiliitis on MRI-SI joints 58 (29) 15 (28)
(ASAS)T
BME on MRI-spine (ASAS)T 14(7) 3(6)
>5 BME lesions on MRI-spine 10 (5) 2(4)
Radiographic sacroiliitis (MNY)T 25(13) 8(14)
>3 fatty lesions on MRI-SI joints 23(12) 7(14)
>3 erosions on MRI-SI joints 29 (15) 9(17)
>3 fatty lesions on MRI-spine 3(2) 0(0)
>3 erosions on MRI-spine 0(0) 0(0)
>3 bone spurs on MRI-spine 0(0) 0 (0)
BASDAI score, mean 4 SD 442 47 + 21
(range 0-10)
ASDAS-CRP score, mean + SD 3+1 3+1
Elevated CRP (=6 mg/liter) 52 (27) 12(21)
BASFI score, mean £ SD (range BEW 33+ 28
0-10)
Treatment with NSAIDs 192 (95) 57 (95)
Treatment with TNFi 0(0) 0 (0)

* Values are the number (%) unless indicated otherwise. The following
variables had <5% missing data: radiographic sacroiliitis (mNY), bone
marrow edema (BME) on MRI-spine (ASAS), =5 BME lesions on MRI-
spine, >3 fatty lesions on MRI-spine, >3 erosions on MRI-spine, 23
bone spurs on MRI-spine, and ASDAS-CRP score. The following cate-
gories had <1% missing data: sacroiliitis on MRI-SI joints (ASAS), =3
fatty lesions on MRI-SI joints, >3 erosions on MRI-SI joints, BASDAI
score, and BASFI score. ASAS = Assessment of SpondyloArthritis inter-
national Society; ASDAS = Ankylosing Spondylitis Disease Activity
Score; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index;
BASFI = Bath Ankylosing Spondylitis Functional Index; CRP =
C-reactive protein; mNY = modified New York criteria for radiographic
sacroiliitis; MRI-SI joints = MRI of the sacroiliac joints; MRI-spine = MRI
of the spine; NSAIDs = nonsteroidal antiinflammatory drugs;
SpA = spondyloarthritis; TNFi = tumor necrosis factor inhibitors.

t Agreement between 2 of 3 readers.

positive/negative) (30). In addition, a cutoff of at least 5 lesions
was assessed, as it has been shown to be highly specific of axial
SpA (25). The total spine SPARCC score was used as a continu-
ous inflammatory outcome (range 0-414) (31). The interreader
reliability of the MRI scores used in this study has been reported
elsewhere (32).

Statistical analysis. Structural progression of binary
scores was assessed in clinically relevant subgroups according
to the CRP level and BME status at baseline and defined by the
agreement of >2 of 3 readers as the percentage of net progres-
sion: the number of progressors (change from negative to posi-
tive) minus the number of regressors (change from positive to
negative) divided by the total number of patients, a method previ-
ously described in detail (33).

The effect of inflammation, both on MRI-SI joints and MRI-
spine, on structural outcomes, again both on MRI-SI joints and
MRI-spine, respectively, was evaluated by 2 types of generalized
estimating equation (GEE) models: 1) a baseline model (the effect
of baseline inflammation on 5 years of structural damage incorpo-
rating measurements from all readers [1-level GEE model
adjusted for the reader]); and 2) a longitudinal model (the effect
of BME at t on structural outcomes at t + 1 over 5 years [longitu-
dinal time-lagged, 2-level GEE models with autoregression]).
Binary variables of inflammation (i.e., BME) were modeled using
binary damage outcomes (binomial GEE), while continuous vari-
ables of inflammation (i.e., SPARCC score) were modeled using
continuous outcomes of damage (linear GEE).

The final multivariable models included variables that were
found to confound the association of interest (i.e., that importantly
changed the effect of inflammation on structural outcomes). The
following variables were tested as possible confounders: age
(in years), sex (male versus female), HLA-B27 (positive versus
negative), smoking status (smoker versus nonsmoker), CRP level
(mg/liter), Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI) score, the ASDAS (BASDAI score plus CRP level and
ASDAS tested in separate models to avoid collinearity), treatment
with nonsteroidal antiinflammatory drugs (yes/no), and treatment
with tumor necrosis factor inhibitors (TNFi) (yes/no). Variables with
a potential to change over time were modeled as such (i.e., all the
above except sex and HLA-B27) in the longitudinal models.

RESULTS

Baseline characteristics. Of the total 708 patients from
the DESIR cohort, 262 could have imaging at follow-up according
to the protocol, and 202 had at least 2 consecutive visits with data
available either on MRI-SI joints or MRI-spine (196 had both
modalities, 3 had MRI-SI joints only, and 3 had MRI-spine only)
and were therefore included. No significant baseline differences
were found between patients included and not included in this
study (Table 1). The presence of BME at baseline was more
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frequent in the Sl joints (29%) than in the spine (7% [ASAS defini-
tion]; 5% for =5 BME lesions). Likewise, structural damage was
higher in the Sl joints (e.g., >3 fatty lesions on MRI-SI joints:
12%) than in the spine (e.g., >3 fatty lesions on MRI-spine: 2%).

Structural progression according to the presence of
objective inflammation at baseline. In total, 155 patients
had complete MRI data at baseline and 5 years (141 both modal-
ities, 10 MRI-SI joints only, and 4 MRI-spine only). Net progres-
sion, defined by >5 fatty lesions and/or erosions, >3 fatty
lesions, and >3 erosions on MRI-SI joints, according to baseline
objective inflammatory markers, is shown in Figure 1. Patients
with BME on MRI-SI joints present at baseline had higher net pro-
gression rates compared to those who were BME-negative for all
outcomes, irrespective of the CRP status (range if BME positive:
7-24%; range if BME negative: 0-4%). On MRI-spine overall, net
progression was —0.7% both for >5 fatty lesions and/or erosions
and for >5 fatty lesions; 0.7% for >3 fatty lesions, and 0% for >3
erosions and for >3 bone spurs. These low numbers precluded
further analysis according to the presence of inflammatory
markers at baseline.

Effect of inflammation on structural progression
(multivariable models). Sacroiliac joints. The presence of
BME on MRI-SI joints at baseline was predictive of the develop-
ment of fatty lesions and erosions on MRI-SI joints 5 years later
for all binary definitions (range odds ratio [OR] 4.1-5.6) after
adjustment for CRP at baseline (Table 2). Similar results were
found in the longitudinal models (after adjustment for ASDAS).
On average, patients with BME on MRI-SI joints had a 5 times
higher likelihood of having at least 3 fatty lesions in the subse-
quent visit as compared to those without BME (OR 5.1 [95%
confidence interval (95% Cl) 2.7, 9.6]) (Figure 2). The association
between the continuous SPARCC score on MRI-SI joints and
the various continuous structural outcomes was also always
statistically significant and present in both models.

Spine. Testing the association of interest on MRI-spine was
hampered by a low number of lesions, leading to imprecise esti-
mates and, for some outcomes (i.e., >3 erosions and >5 fatty
lesions/erosions), precluded the estimation of the effect
(Table 3). Only the association between BME and >3 fatty lesions
was statistically significant. The presence of baseline BME (ASAS
definition) on MRI-spine was positively associated with >3 fatty
lesions at 5 years on MRI-spine (OR 10.7 [95% CI 2.4, 49]). This
effect was also positive in the longitudinal model (OR 15.6 [95%
Cl 4.8, 50.3)) (Figure 2). As in MRI-SI joints, CRP level (baseline
models), and ASDAS (longitudinal models) have been found to
confound the association of interest. Testing the effect of >5
BME lesions yielded similar results, but with wider a 95% ClI (see
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24449/
abstract). For continuous variables, a positive association could
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B

MRI S1J-/CRP+ (n=26) 0%
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MRI SH-/CRP+ (n=26) 0%

MRI SlJ-/CRP- (n=78) 1.3%

0 5 10 15 20 25

Figure 1. Net progression from magnetic resonance imaging (MRI)
of the sacroiliac (Sl) joints (MRI-SI joints) without structural lesions
(MRI SIJ-) to MRI-SI joints with structural lesions (MRI SIJ+) defined
by >5 fatty lesions and/or erosions (A), >3 fatty lesions (B), and >3
erosions (C) according to baseline objective inflammatory markers
(MRI-SI joints inflammation and C-reactive protein [CRP] level). MRI-
SIJ+ is defined as the presence of bone marrow edema on MRI-SI
joints according to the Assessment of SpondyloArthritis international
Society definition. CRP+ is defined as a CRP level 26 mg/liter at
baseline. Net progression from MRI SlJ- to MRI SlJ+ at year 5 is
defined as the number of progressors minus the number of regres-
sors divided by the total number of patients in each category
(n = 144; MRI-SI joints available both at baseline and year 5, and
CRP level available at baseling).

be found for fatty lesions alone or in combination with erosions,
but not for erosions alone and bone spurs, both in baseline and
longitudinal models.
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DISCUSSION

In this prospective observational cohort study, we have shown
that axial inflammation detected on MRI predicts subsequent
development of structural lesions (especially fatty lesions) also on
MRI over 5 years in patients with early axial SpA. This effect is inde-
pendent of systemic inflammation and is seen at the level of both
the Sl joints and the spine but is measured more precisely in the
Sl joints where damage prevails in early disease. Our results add
to the existing evidence by showing that the association between
axial inflammation and some lesions reflecting structural damage
can be measured with MRI in patients with early axial SpA.

In the current study, we have demonstrated an association
between local inflammation and structural damage both mea-
sured on MRI in patients with early axial SpA. Involvement of the
axial skeleton in axial SpA usually starts at the level of the Sl joints
(21,34,35). In line with the literature, we found that 6 times more
patients showed structural damage (e.g., >3 fatty lesions) on
MRI-SI joints (12%) than on MRI-spine (2%) at baseline. Conse-
quently, the longitudinal association between BME and structural
damage (e.g., >3 fatty lesions) on MRI-SI joints (OR 5.1 [95% CI
2.7, 9.6])) was found with a substantially higher precision (nar-
rower confidence intervals) compared to the same effect in the
spine (OR 15.6 [95% CI 4.8, 50.3]). Although it may seem that
the effect of inflammation on damage is stronger on the spine than
on the Sl joints (OR 16 versus 5), this is not necessarily the case. It
is well known that imprecise estimates tend to overestimate effect
sizes (36).

Evidence that inflammation on MRI drives structural damage
in early axial SpA is relevant to the practicing rheumatologist
because it argues in favor of its use for prognostic stratification.
In addition, if inflammation drives damage, it is logical to expect
that interventions targeting the former will prevent, or at least
inhibit, the latter. However, thus far, trial data do not support this
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Figure 2. The effect of bone marrow edema (according to the
Assessment of SpondyloArthritis international Society definition) on
structural damage (defined as >3 fatty lesions) over 5 years both in
the sacroiliac joints (SIJ) and spine (longitudinal time-lagged models
with autoregression). Circles represent >3 fatty lesions on MRI of the
Sl joints. Diamonds represent >3 fatty lesions on MRI of the spine.
Bars show the 95% confidence interval. MRI = magnetic resonance
imaging.

claim (37). The complex, and yet not fully understood, pathophys-
iology of new bone formation in axial SpA may, at least in part,
explain this disappointing result. For instance, it has been shown
that systemic inflammation, measured by the ASDAS, predicts
spinal radiographic progression in radiographic axial SpA (6,8).
However, progression was still found in patients with inactive dis-
ease. Similarly, in another study, inflammation at the level of verte-
bral unit increased the likelihood of the formation of a new
syndesmophyte in the same location 2 years later, but most new
syndesmophytes appeared in vertebral units without signs of
inflammation (12). These data highlight the relevance of inflamma-
tion in driving structural progression but also suggest that other
mechanisms may play a role.

Table 2. The effect of inflammation detected by magnetic resonance imaging (MRI) on structural damage detected by MRI in the sacroiliac joints

(multivariable models)*

>5 fatty lesions/ >3 fatty Fatty lesions/
erosions, lesions, >3 erosions, erosions, Fatty lesions, Erosions
OR(95% Cl)  OR(95% Cl) OR (95% Cl) B (95% ClI) B (95% Cl) B (95% CI)
Binary scores
BME at baseline (range 144-151)t 563.1,10.0F 4224,73)F 41(2.1,7.8) - - -
BME over 5 years (range 197-199)8 7.7 (451349 517,969 32(1.953) - - -

Continuous scores
SPARCC at baseline (range 144-151)t - -
SPARCC over 5 years - -
(range 197-199)§

= 0.23(0.15,0.31)% 0.12(0.05,0.19)¢ 0.12(0.06, 0.18)
= 0.13(0.07,0.19)9 0.10(0.04, 0.16)9 0.04 (0.01, 0.06)

*95% Cl = 95% confidence interval; ASDAS = Ankylosing Spondylitis Disease Activity Score; BME = bone marrow edema (according to the
Assessment of SpondyloArthritis international Society definition [positive/negative]); OR = odds ratio; SPARCC = Spondyloarthritis Research
Consortium of Canada.

T Multilevel generalized estimating equation (GEE) models (i.e., effect of inflammation at baseline on the outcome at 5 years, taking the scores
from the individual readers into account).

¥ Adjusted for C-reactive protein (CRP) level at baseline.

§ Longitudinal multilevel time-lagged GEE models with autoregression (i.e., effect of inflammation at t on the outcome att + 1, adjusted for the
outcome at ¢, taking the scores from the individual readers into account).

9 Adjusted for time-lagged ASDAS-CRP score.
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Table 3. The effect of inflammation detected by magnetic resonance imaging (MRI) on structural damage detected by MRI in the spine (multivar-

iable models)*
>5 fatty lesions/ >5 fatty >3 fatty
erosions lesions lesions >3 erosions >3 bone spurs
Binary scores
BME at baseline (n = 139)f 1 t 10.7 (2.4, 49.0)8 t 3.2(0.4, 27.8)8
BME over 5 years (n = 197)§ t 0.9 (0.8, 1.2)# 15.6 (4.8, 50.3)# ¥ 2.8 (0.8, 9.6)#
Continuous scores
SPARCC at baseline (range 0.10(0.01, 0.18)8 0.08 (0.02, 0.14) 0.08 (0.02, 0.14) 0.02 (0.00, 0.03)t 0.01 (-0.01, 0.03)t

139-145)t

SPARCC over 5 vears (n = 197)9 0.06 (0.02, 0.11)#

0.07(0.02, 0.11#

0.07(0.02,0.11)#  0.00(-0.01, 0.01)# 0.01 (0.00, 0.02)

* Values are the odds ratio (95% confidence interval). ASDAS = Ankylosing Spondylitis Disease Activity Score; BME = bone marrow edema
(according to the Assessment of SpondyloArthritis international Society definition [>3 lesions; positive/negative]); SPARCC = Spondyloarthritis

Research Consortium of Canada.

t Multilevel generalized estimating equation (GEE) model (i.e., effect of inflammation at baseline on the outcome at 5 years, taking the scores

from the individual readers into account).

¥ Model fails to find a mathematical solution due to low number of events.

§ Adjusted for C-reactive protein (CRP) level at baseline.

9 Longitudinal multilevel time-lagged GEE models with autoregression (i.e., effect of inflammation at t on the outcome at t + 1, adjusted for the

outcome at ¢, taking the scores from the individual readers into account).

# Adjusted for time-varying lagged ASDAS-CRP score.

Biology, however, cannot fully explain the failure of antiinflam-
matory drugs in modifying the effect of inflammation on structural
damage. The lack of sensitivity to change of the outcome mea-
sures has also been proposed previously as a likely explanation
(88). If an intervention truly prevents further damage by reducing
inflamsmation (or by any other means), low sensitivity to change
of the outcome measure may prevent that such effect becomes
evident (e.g., no significant difference between active drug and
placebo). Thus far, progression of structural damage has been
measured mostly using conventional radiographs, with the modi-
fied Stoke Ankylosing Spondylitis Spine Score (MSASSS) and the
mNY grading system as the outcome measures used most often
in the spine and Sl joints, respectively. However, both the
mMSASSS and the mNY have low sensitivity to change, and
assessing radiographic progression with the latter is further chal-
lenged by its poor reliability (3,14,15,39). It remains to be proven
that structural lesions detected on MRI are more sensitive to
change than those on radiographs. However, our study suggests
that different lesions may yield different results. For instance, com-
pared with erosions or bony spurs, fatty lesions were more preva-
lent in our population of patients with early axial SpA, especially in
the Sl joints, leading to more precise estimates. Thus, our data
may inform future research aiming at clarifying whether MRl is a
valid alternative to conventional radiography in detecting struc-
tural treatment effects in patients with axial SpA.

Our study is not without limitations. First, inflammatory
and structural lesions, per patient, were read together by the
same reader, which obviously may result in overestimating
the association between both. This contrasts with other stud-
ies in which inflammation and damage were blindly measured
using different imaging modalities. However, it should be
stressed that readers were still blinded to time order. That is,
they did not know if a certain lesion (e.g., BME) pertained to a
baseline or to a follow-up image. Thus, causality by reading,

although not impossible, is unlikely to fully explain the impres-
sive associations found in our study. Second, the lack of an
association between vertebral corner inflammation on MRI-
spine and erosions and bone spurs should be interpreted with
caution. Even though a true lack of association cannot be ruled
out, as mentioned above, this also may be due to low statistical
power driven by a low number of these lesions in the spine. The
role of inflammation on sites other than vertebral corners for
the progression of spinal damage should be addressed in
future studies.

In conclusion, we have shown that local inflammation is
associated with development of structural damage (e.g., fatty
lesions), both measured with MR, over 5 years in the S| joints
and spine in early axial SpA. This association is detected with
more precision on the Sl joints, where structural damage prevails,
compared to the spine in early disease. These findings support
the concept that MRl is a valid alternative to conventional radio-
graphs in detecting the structural consequences of axial inflam-
mation in patients with early axial SpA.

ACKNOWLEDGMENTS

The authors thank the following at the different regional participat-
ing centers: Maxime Dougados (Paris-Cochin B), Andre Kahan
(Paris-Cochin A), Philippe Dieudé (Paris-Bichat), Bruno Fautrel (Paris-La
Pitie-Salpetriere), Francis Berenbaum (Paris-Saint-Antoine), Pascal
Claudepierre  (Creteil), Maxime Breban (Boulogne-Billancourt),
Bernadette Saint-Marcoux (Aulnay-sous-Bois), Philippe Goupille
(Tours), Jean Francis Maillefert (Dijon), Emmanuelle Demis (Le Mans), Daniel
Wendling (Besancon), Bernard Combe (Montpellier), Liana Euller-Ziegler
(Nice), Pascal Richette (ParisLariboisiere), Pierre Lafforgue (Marseille),
Patrick Boumier (Amiens), Martin Soubrier (ClermontFerrand), Nadia
Mehsen (Bordeaux), Damien Loeuille (Nancy), Rene-Marc Flipo (Lille), Alain
Saraux (Brest), Xavier Mariette (LeKremlin-Bicetre), Alain Cantagrel
(Toulouse), and Olivier Vittecoq (Rouen). They also thank the research
nurses, the staff members of the Clinical Research Unit of Paris Centre,
the staff members of the Biological Resource Center of Bichat Hospital,
the staff members of the Department of Statistics of Nimes, and all the



INFLAMMATION AND DAMAGE ON MRI IN AXIAL SPA

249

investigators, and in particular Jerome Allain, Emmanuelle Dernis, Salah
Ferkal, Clement Prati, Marie-Agnes Timsit, and Eric Toussirot, for active
patient recruitment and monitoring. The authors are grateful to Miranda
van Lunteren for her work in preparing the database used in this study,
and to all DESIR readers, without whom this study would not be possible.

AUTHOR CONTRIBUTIONS

All'authors were involved in drafting the article or revising it critically
for important intellectual content, and all authors approved the final ver-
sion to be submitted for publication. Dr. Sepriano had full access to all
of the data in the study and takes responsibility for the integrity of the
data and the accuracy of the data analysis.

Study conception and design. Sepriano, Ramiro, Landewé, van der
Heijde.

Acquisition of data. Moltd, Claudepierre, Wendling, Dougados.
Analysis and interpretation of data. Sepriano, Ramiro, Landeweé,
Molté, Claudepierre, Wendling, Dougados, van der Heijde.

REFERENCES

1. Ramiro S, Stolwijk C, van Tubergen A, van der Heijde D, Dougados M,
van den Bosch F, et al. Evolution of radiographic damage in ankylos-
ing spondylitis: a 12 year prospective follow-up of the OASIS study.
Ann Rheum Dis 2015;74:52-9.

2. Poddubnyy D, Brandt H, Vahldiek J, Spiller I, Song IH, Rudwaleit M,
et al. The frequency of non-radiographic axial spondyloarthritis in rela-
tion to symptom duration in patients referred because of chronic back
pain: results from the Berlin early spondyloarthritis clinic. Ann Rheum
Dis 2012;71:1998-2001.

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

4. VanderLinden S, Valkenburg HA, Cats A. Evaluation of diagnostic cri-
teria for ankylosing spondylitis: a proposal for modification of the New
York criteria. Arthritis Rheum 1984;27:361-8.

5. Baraliakos X, Listing J, Rudwaleit M, Sieper J, Braun J. The relation-
ship between inflammation and new bone formation in patients with
ankylosing spondylitis. Arthritis Res Ther 2008;10:R104.

6. Poddubnyy D, Protopopov M, Haibel H, Braun J, Rudwaleit M,
Sieper J. High disease activity according to the Ankylosing Spondylitis
Disease Activity Score is associated with accelerated radiographic
spinal progression in patients with early axial spondyloarthritis: results
from the German Spondyloarthritis Inception Cohort. Ann Rheum Dis
2016;75:2114-8.

7. Poddubnyy D, Rudwaleit M, Haibel H, Listing J, Méarker-Hermann E,
Zeidler H, et al. Rates and predictors of radiographic sacrailiitis pro-
gression over 2 years in patients with axial spondyloarthritis. Ann
Rheum Dis 2011;70:1369-74.

8. Ramiro S, van der Heijde D, van Tubergen A, Stolwik C,
Dougados M, van den Bosch F, et al. Higher disease activity leads
to more structural damage in the spine in ankylosing spondylitis:
12-year longitudinal data from the OASIS cohort. Ann Rheum Dis
2014;73:1455-61.

9. Machado PM, Baraliakos X, van der Heijde D, Braun J, Landewé R.
MRI vertebral corner inflammation followed by fat deposition is the
strongest contributor to the development of new bone at the same
vertebral corner: a multilevel longitudinal analysis in patients with anky-
losing spondylitis. Ann Rheum Dis 2016;75:1486-93.

10. Maksymowych WP, Chiowchanwisawakit P, Clare T, Pedersen SJ,
@stergaard M, Lambert RG. Inflammatory lesions of the spine on
magnetic resonance imaging predict the development of new syndes-
mophytes in ankylosing spondylitis: evidence of a relationship

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

between inflammation and new bone formation. Arthritis Rheum
2009;60:93-102.

Baraliakos X, Heldmann F, Callhoff J, Listing J, Appelboom T,
Brandt J, et al. Which spinal lesions are associated with new bone for-
mation in patients with ankylosing spondylitis treated with anti-TNF
agents? A long-term observational study using MRI and conventional
radiography. Ann Rheum Dis 2014;73:1819-25.

Van der Heijde D, Machado P, Braun J, Hermann KG, Baraliakos X,
Hsu B, et al. MRl inflammation at the vertebral unit only marginally pre-
dicts new syndesmophyte formation: a multilevel analysis in patients
with ankylosing spondylitis. Ann Rheum Dis 2012;71:369-73.
Sepriano A, Rudwaleit M, Sieper J, van den Berg R, Landewé R, van
der Heijde D. Five-year follow-up of radiographic sacrailiitis: progres-
sion as well as improvement? Ann Rheum Dis 2016;75:1262-3.

Van den Berg R, Lenczner G, Feydy A, van der Heijde D, Reijnierse M,
Saraux A, et al. Agreement between clinical practice and trained cen-
tral reading in reading of sacroiliac joints on plain pelvic radiographs:
results from the DESIR cohort. Arthritis Rheumatol 2014;66:2403-11.
Van Tubergen A, Heuft-Dorenbosch L, Schulpen G, Landewé R,
Wijers R, van der Heijde D, et al. Radiographic assessment of sacroil-
iitis by radiologists and rheumatologists: does training improve qual-
ity? Ann Rheum Dis 2003;62:519-25.

Ostergaard M, Maksymowych WP, Pedersen SJ,
Chiowchanwisawakit P, Lambert RG. Structural lesions detected by
magnetic resonance imaging in the spine of patients with spondyloar-
thritis: definitions, assessment system, and reference image set.
J Rheumatol 2009;36 Suppl 84:18-34.

Krabbe S, Serensen IJ, Jensen B, Maller JM, Balding L, Madsen OR,
et al. Inflammatory and structural changes in vertebral bodies and
posterior elements of the spine in axial spondyloarthritis: construct
validity, responsiveness and discriminatory ability of the anatomy-
based CANDEN scoring system in a randomised placebo-controlled
trial. RMD Open 2018;4:e000624.

Weber U, Lambert RG, Ostergaard M, Hodler J, Pedersen SJ,
Maksymowych WP. The diagnostic utility of magnetic resonance imag-
ing in spondylarthritis: an international multicenter evaluation of one
hundred eighty-seven subjects. Arthritis Rheum 2010;62:3048-58.
Maksymowych WP, Lambert RG, Jstergaard M, Pedersen SJ,
Machado PM, Weber U, et al. MRl lesions in the sacroiliac joints of
patients with spondyloarthritis: an update of definitions and validation
by the ASAS MRI working group. Ann Rheum Dis 2019;78:1550-8.
LLukas C, Cyteval C, Dougados M, Weber U. MRl for diagnosis of axial
spondyloarthritis: major advance with critical limitations ‘Not every-
thing that glisters is gold (standard)’. RMD Open 2018;4:e000586.

. Ramiro S, Claudepierre P, Sepriano A, van Lunteren M, Molto A,

Feydy A, et al. Which scoring method depicts spinal radiographic
damage in early axial spondyloarthritis best? Five-year results from
the DESIR cohort. Rheumatology (Oxford) 2018;57:1991-2000.

Dougados M, Etcheto A, Molto A, Alonso A, Bouvet S, Daures JP,
et al. Clinical presentation of patients suffering from recent onset
chronic inflammatory back pain suggestive of spondyloarthritis: the
DESIR cohort. Joint Bone Spine 2015;82:345-51.

De Hooge M, Pialat JB, Reinierse M, van der Heide D,
Claudepierre P, Saraux A, et al. Assessment of typical SpA lesions
on MRI of the spine: do local readers and central readers agree in
the DESIR-cohort at baseline? Clin Rheumatol 2017;36:1551-9.
Jacquemin C, Rubio Vargas R, van den Berg R, Thévenin F,
Lenczner G, Reijnierse M, et al. What is the reliability of non-trained
investigators in recognising structural MRl lesions of sacroiliac joints
in patients with recent inflammatory back pain? Results of the DESIR
cohort. RMD Open 2016;2:e000303.

De Hooge M, van den Berg R, Navarro-Compan V, Reijnierse M, van
Gaalen F, Fagerliet K, al. Patients with chronic back pain of short dura-
tion from the SPACE cohort: which MRI structural lesions in the



250

SEPRIANO ET AL

26.

27.

28.

20.

30.

31.

sacroiliac joints and inflammatory and structural lesions in the spine
are most specific for axial spondyloarthritis? Ann Rheum Dis 2016;
75:1308-14.

Bennett AN, Rehman A, Hensor EM, Marzo-Ortega H, Emery P,
McGonagle D. The fatty Romanus lesion: a non-inflammatory spinal
MRI lesion specific for axial spondyloarthropathy. Ann Rheum Dis
2010;69:891-4.

Lambert RG, Bakker PA, van der Heijde D, Weber U, Rudwaleit M,
Hermann KG, et al. Defining active sacrailitis on MRl for classification
of axial spondyloarthritis: update by the ASAS MRI working group.
Ann Rheum Dis 2016;75:1958-63.

Maksymowych WP, Inman RD, Salonen D, Dhillon SS, Wiliams M,
Stone M, et al. Spondyloarthritis Research Consortium of Canada mag-
netic resonance imaging index for assessment of sacroiliac joint inflam-
mation in ankylosing spondylitis. Arthritis Rheum 2005;53:703-9.
Rudwaleit M, Jurik AG, Hermann KG, Landewé R, van der Heijde D,
Baraliakos X, et al. Defining active sacroiliitis on magnetic resonance
imaging (MRI) for classification of axial spondyloarthritis: a consensual
approach by the ASAS/OMERACT MRI group. Ann Rheum Dis 2009;
68:1520-7.

Hermann KG, Baraliakos X, van der Heijde DM, Jurik AG, Landewé R,
Marzo-Ortega H, et al. Descriptions of spinal MRI lesions and defini-
tion of a positive MRI of the spine in axial spondyloarthritis: a consen-
sual approach by the ASAS/OMERACT MRI study group. Ann Rheum
Dis 2012;71:1278-88.

Maksymowych WP, Inman RD, Salonen D, Dhilon SS,
Krishnananthan R, Stone M, et al. Spondyloarthritis Research Con-
sortium of Canada magnetic resonance imaging index for assessment
of spinal inflammation in ankylosing spondylitis. Arthritis Rheum 2005;
53:502-9.

32.

33.

34.

35.

36.

37.

38.

39.

Madari Q, Sepriano A, Ramiro S, Molto A, Claudepierre P,
Wendling D, et al. 5-year follow-up of spinal and sacroiliac MRI abnor-
malities in early axial spondyloarthritis: data from the DESIR cohort.
RMD Open 2020;6

Sepriano A, Ramiro S, Landewé R, Dougados M, van der Heijde D.
Percentage of progressors in imaging: can we ignore regressors?
RMD Open 2019;5:6000848.

Rudwaleit M, Haibel H, Baraliakos X, Listing J, Mérker-Hermann E,
Zeidler H, et al. The early disease stage in axial spondylarthritis: results
from the German Spondyloarthritis Inception Cohort. Arthritis Rheum
2009;60:717-27.

Wanders AJ, Landewé RB, Spoorenberg A, Dougados M, van
der Linden S, Mielants H, et al. What is the most appropriate
radiologic scoring method for ankylosing spondylitis? A compari-
son of the available methods based on the Outcome Measures
in Rheumatology Clinical Trials filter. Arthritis Rheum 2004;50:
2622-32.

Van Calster B, Steyerberg EW, Collins GS, Smits T. Consequences of
relying on statistical significance: some illustrations. Eur J Clin Invest
2018;48:e12912.

Van der Heijde D, Landewé R. Inhibition of spinal bone formation in
AS: 10 years after comparing adalimumab to OASIS. Arthritis Res
Ther 2019;21:225.

Maksymowych WP. The role of imaging in the diagnosis and man-
agement of axial spondyloarthritis. Nat Rev Rheumatol 2019;15:
657-72.

Ramiro S, van der Heijde D, Sepriano A, van Lunteren M, Moltd A,
Feydy A, et al. Spinal radiographic progression in early axial spondylo-
arthritis: five-year results from the DESIR cohort. Arthritis Care Res
(Hoboken) 2019;71:1678-84.



Arthritis Care & Research AMERICAN COLLEGE

Vol. 74, No. 2, February 2022, pp 251-258 af EUMATOLOGY

DOI 10.1002/acr.24459 E ring Rbe: logy Pr jonals
© 2020 The Authors. Arthritis Care & Research published by Wiley Periodicals LLC on behalf of American College of Rheumatology. mpowering Rheumnatology Professiona

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

Imaging Outcomes for Axial Spondyloarthritis and
Sensitivity to Change: A Five-Year Analysis
of the DESIR Cohort
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Objective. To compare the sensitivity to change of different imaging scoring methods in patients with early axial
spondyloarthritis (SpA).

Methods. Patients from the Devenir des Spondylarthropathies Indifferérenciées Récentes (DESIR) cohort fulfilling
the Assessment of SpondyloArthritis international Society criteria for axial SpA were included. Radiographs and mag-
netic resonance imaging (MRI) of the sacroiliac (SI) joints and spine were obtained at baseline, 1, 2, and 5 years. Each
image was scored by 2 or 3 readers in 3 separate reading waves. The rate of change of outcomes measuring inflamma-
tion of the spine and Sl joints (e.g., Spondyloarthritis Research Consortium of Canada [SPARCC] score) and structural
damage on MRI (e.g., >3 fatty lesions) and radiographs (e.g., modified New York grading) was assessed using multi-
level generalized estimating equation models (taking all readers and waves into account). To allow comparisons across
outcomes, rates were standardized (difference between the individual’s value and the population mean divided by
the SD).

Results. In total, 345 patients were included. Inflammation detected on MRI of the Sl joints (MRI-SI joints) (stan-
dardized rate range -0.278, —0.441) was more sensitive to change compared to spinal inflammation (range —0.030,
-0.055). Structural damage in the Sl joints showed a higher standardized rate of change on MRI-SI joints (range
0.015, 0.274) compared to radiography of the Sl joints (range 0.043, 0.126). MRI-SI joints damage defined by >3 fatty
lesions showed the highest sensitivity to change (0.274). Spinal structural damage slowly progressed over time with
no meaningful difference between radiographic (range 0.037, 0.043) and MRl structural outcomes (range 0.008, 0.027).

Conclusion. Structural damage assessed in pelvic radiographs has low sensitivity to change, while fatty lesions
detected on MRI-SI joints are a promising alternative. In contrast, MRI of the spine is not better than radiography of

the spine in detecting structural changes in patients with early axial SpA.

INTRODUCTION

Several imaging outcomes have been developed to assess
inflammation and structural damage over time in patients with axial
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SIGNIFICANCE & INNOVATIONS

+ Several imaging outcomes are available to measure
inflammation and damage over time in patients
with axial spondyloarthritis (SpA); however, direct
comparisons of their sensitivity to change are
scarce, especially in early disease.

+ In early axial SpA, outcomes of inflammation mea-
sured on magnetic resonance imaging (MRI) are
more sensitive to change on the sacroiliac
(SI) joints than on the spine.

* MRI of the Sl joints is more sensitive in capturing
change in structural damage, especially fatty
lesions, than pelvic radiographs, while MRI of the
spine is not better than spinal radiographs in
detecting structural changes in patients with early
axial SpA.

+ Results from this study may help in prioritizing
imaging scoring methods in subsequent observa-
tional or interventional studies in early axial SpA.

the utility of magnetic resonance imaging (MRI) and radiographs of
the sacrailiac (Sl) joints and spine on monitoring disease activity
and structural damage over time (1). However, these studies
mostly assessed only 1 score each and focused on comparing
imaging to clinical measures of disease activity, disability, and
mobility, which means that they mostly addressed their validity.

In addition to validity, in order to prioritize imaging outcomes
measuring similar aspects of the disease (i.e., inflammation or
structural damage), the other aspects of the Outcome Measures
in Rheumatology (OMERACT) filter, namely discrimination (sensi-
tivity to change and reliability) and feasibility, should also be taken
into account (2). However, direct comparisons of the discrimina-
tive ability and feasibility of imaging outcomes in axial SpA have
been seldom performed, and almost only in later phases of the
disease (radiographic axial SpA) (3-5). An exception to this is the
comparison of the different spinal radiographic scoring methods
performed in the Devenir des Spondylarthropathies Indifferéren-
ciées Récentes (DESIR) cohort and previously reported by our
team (6).

A better understanding of which imaging findings (reflecting
inflamsmation or structural damage), imaging modality (MRI or
radiographs), and anatomic location (Sl joints or spine) are most
informative to monitor axial changes in the entire spectrum of axial
SpA (also including nonradiographic axial SpA) over time is still a
major unmet need. We aimed to compare the sensitivity to
change of different MRI and radiographic scoring methods in
patients with early axial SpA.

PATIENTS AND METHODS

Patients and study design. Five-year data from patients
with early axial SpA from the DESIR cohort have been used
(ClinicalTrials.gov identifier: NCT01648907) (7). Patients had to

fulfill the Assessment of SpondyloArthritis international Society
(ASAS) criteria for axial SpA and to have >1 radiograph and/or
MRI reading available during the 5-year follow-up period to be
included in the current study. The database used for the current
analysis was locked on June 20, 2016. The study was approved
by the appropriate local medical ethical committees. All patients
provided signed informed consent upon participation.

Imaging scoring procedures. Radiographs of the Sl joints
and spine and MRIs of the Sl joints (MRI-SI joints) and spine (MRI-
spine) were obtained at baseline, 1, 2, and 5 years. Each image
was independently scored in 3 reading waves by trained central
readers blinded to chronology, clinical data, and to the results of
other imaging modalities. In wave 1, baseline images were scored
by 2 readers and 1 adjudicator (in case of disagreement). In
wave 2, images from baseline, 1, and 2 years were also scored
by 2 readers and 1 adjudicator. In wave 3, images from baseline,
2, and 5 years were scored by 3 central readers. Readers and
adjudicators varied across modalities and waves (8) (see Supple-
mentary Table 1, available on the Arthritis Care & Research web-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24459/
abstract). By protocol, radiographs were performed in all 25 par-
ticipating centers at each time point, but MRIs were only per-
formed in all centers at baseline, while MRIs at 1, 2, and 5 years
were only obtained in 9 centers from Paris.

Inflammation outcomes. Inflammation on MRI-SI joints
was assessed using the ASAS definition (positive/negative) and
the Spondyloarthritis Research Consortium of Canada (SPARCC)
score (range 0-72) (9-11). Bone marrow edema (BME) on MRI-
spine was defined according to the ASAS definition (>3 vertebral
corner lesions; yes/no) (12). In addition, a cutoff of 5 vertebral cor-
ner BME lesions (typical of axial SpA and present in >2 consecutive
slices) was also assessed according to the Canada—Denmark
method, as it has been shown to be highly specific of axial SpA
(13). The total spine SPARCC score (range 0-414) and Berlin score
(range 0-69) were used as continuous inflammatory out-
comes (3,14).

Structural outcomes. Structural damage on radiography
of the Sl joints was assessed according to the modified New York
(mNY) system as continuous (range 0-8) and as a binary (positive/
negative) score (15). Two additional binary definitions were
assessed: worsening of >1 grade in >1 Sl joints (yes/no); and
worsening of >1 grade in >1 Sl joints, with a 5-year grade >2 in
the worsened joint (yes/no) (16).

An adaptation of the MRI-SI joints structural score by Weber
et al, previously described by our team (17), was used to define
individual structural lesions on MRI-SI joints (18). In summary,
fatty lesions, erosions, and ankylosis/partial ankylosis are scored
as originally described. Sclerosis was added. Fatty lesions, ero-
sions, and sclerosis were marked as present if seen on >2
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consecutive slices (maximum 5 lesions in 6 slices per each of the
8 quadrants in both SI joints). Ankylosis or partial ankylosis was
considered present if seen on a single slice. Partial ankylosis and
ankylosis cannot occur simultaneously in a quadrant, and ankylo-
sis always involves 2 quadrants; therefore, the corresponding
scoring range is 0-24. In the absence of a formal definition of
presence of structural damage on MRI-SI joints, we considered
3 definitions previously shown most discriminatory in early axial
SpA: >5 fatty lesions and/or erosions; >3 erosions; and >3 fatty
lesions (13). Continuous structural lesions on MRI-SI joints were
defined as number of fatty lesions and/or erosions (range 0-80),
number of erosions (range 0-40), number of fatty lesions (range
0-40), and total number of lesions with (range 0-144) and without
(range 0-104) sclerosis.

Structural lesions on radiography of the spine were assessed as
the presence of >1 syndesmophyte (yes/no) and by using the modi-
fied Stoke Ankylosing Spondylitis Spine Score (MSASSS; range
0-72) (19). Structural lesions on MRI-spine were scored according
to the Canada—-Denmark method (20,21). In the absence of a formal
definition, we defined structural damage as >5 fatty lesions, also pre-
viously shown to be highly specific for axial SpA (13). The total num-
ber of structural lesions (fatty lesions, erosions, bone spurs,
ankylosis) (range 0-322) was assessed, as well as the total number
of fatty lesions, erosions, and bone spurs (range 0-92 for all).

A detailed description of all scores is provided in Supplemen-
tary Tables 2-10, available on the Arthritis Care & Research web-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24459/
abstract. The interreader reliability of the radiographic and MRI
outcomes used in this study has been reported in detail else-
where (6,17) and is summarized in Supplementary Appendix A,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24459/abstract.

Statistical analysis. The baseline value for each outcome
was defined by a combination algorithm of the scores from the
3 readers from wave 3 (agreement between >2 of 3 for binary,
and a mean of 3 readers for continuous outcomes). The rate of
change of each outcome was analyzed using generalized esti-
mating equations (GEEs), with time in years as the explanatory
variable of interest. Each outcome was analyzed per patient, per
time point and per individual reader, and the yearly rate of change
estimated using so-called integrated analysis, including all
patients with >1 score from >1 reader from >1 reading wave.
Different to traditional measures of sensitivity to change
(e.g., Cohen’s effect size), this method, which we have previously
explained in detail (8), appropriately handles the multilevel data
structure of our data. All patients had to have >1 score from all
outcomes, thus ensuring that the same patients are used across
all analyses. All variables were standardized. A standardized vari-
able (metric free) was defined at the patient level as the difference
between the individual’s value and the population mean divided
by the population SD. Each standardized variable has a mean of

0 and a variance of 1 and reads as the number of SD above (pos-
itive) or below (negative) the mean.

In addition, the relative standardized rate of change (i.e., the
standardized yearly rate of change of an outcome divided by the
corresponding rate of a reference imaging outcome) was calcu-
lated. For this calculation, a value >1 means larger sensitivity,
and a value <1 lower sensitivity compared to the reference (the
further away from 1, the larger the difference). Three types of ref-
erences were defined: 1) inflammation common reference (com-
paring all inflammation outcomes to sacroilitis on MRI-SI joints
[ASAS definition]); 2) structural common reference (comparing all
structural outcomes to sacroiliitis on radiography of the SI joints
[mMNY]); and 3) modality reference (comparing outcomes to a ref-
erence within each modality and anatomic site).

Goodness-of-fit statistics (quasi-likelihood under the inde-
pendence model criterion [QIC]) were used to get an impression
on how much of the outcome variability was explained by each
model. Different transformations of time were tested to assess
which one yielded the lowest QIC (better fit). A nonlinear model
was chosen if it best fit the data and if the nonlinear factor
(e.g., quadratic term) added to the model was significant
(P < 0.05). Stata, version 15.1, was used for the analyses.

RESULTS

Baseline characteristics. In total, 345 patients were
included (mean 4+ SD symptom duration 1.6 £ 0.9 years; 53%
were male patients, and 89% HLA-B27 positive [Table 1]). Base-
line inflammation on MRI was more frequently present at the Sl
joints (active sacroiliitis: 39%) than at the spine level (BME >5
lesions: 6%) (Table 2). Structural damage at baseline was limited
in the Sl joints (21% mMNY positive) and even more in the spine
(>1 syndesmophyte: 6%) (Table 3).

Sensitivity to change of the different imaging
outcomes. Inflammation on MRI-SI joints showed a higher sen-
sitivity to change than on MRI-spine, the latter remaining essen-
tially unchanged over time. This was true for the dichotomous
ASAS MRI-SI joints score (standardized yearly rate of change
—-0.278) and especially for the continuous SPARCC score (stan-
dardized vyearly rate of change -0.441), while the standardized
yearly rates of change for MRI-spine ranged only between
—0.080 and -0.055 (Table 2). The differences between Sl joints
and spine inflammation outcomes become especially evident with
the relative standardized rate of change. Compared to the ASAS
definition of a positive MRI-SI joints (inflammation common refer-
ence, i.e., a value of 1), all inflammation outcomes in the spine
were much less sensitive to change (range of relative standard-
ized rates 0.094-0.531; i.e., all values far below 1).

Structural damage in the SI joints increased over time but
with a larger yearly rate on MRI-SI joints (standardized rate range
0.015-0.274) compared to radiography of the S| joints
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Table 1. Patient and disease characteristics at baseline and during follow-up*

Baseline 1 year 2 years 5 years
Characteristic (n = 345) (n = 345) (n=342) (n=320)
Age at baseline, mean + SD years 31.0+7.0 - - -
Male sex 183 (53) - - -
Symptoms duration, mean =+ SD years 1.6+£09 - - -
Current smokerst 135(39) 127 (39) 118 (37) 92 (34)
HLA-B27 307 (89) - - -
Radiographic sacrailiitis (mNY)# 73 (21) NA 68 (23) 68 (27)
BASDAI score, mean + SD (range 0-10)t 41420 32+22 314+22 29420
ASDAS-CRP score, mean + SDt 26+1.0 21+£09 20+09 20+09
Elevated CRP (=6 mg/liter)t 109 (33) 64 (20) 69 (22) 57 (22)
BASFI score, mean =+ SD (0-10)t 274+22 21 +£21 21+£22 20+£20
TNFi treatment# 0(0) 76 (24) 94 (29) 111 (42)
NSAID treatmentt 329 (95) 250 (77) 216 (68) 180 (66)

* Values are the number (%) unless indicated otherwise. ASDAS = Ankylosing Spondylitis Disease Activity Score; BASDAI = Bath Ankylosing
Spondylitis Disease Activity Index; BASFI = Bath Ankylosing Spondylitis Functional Index; CRP = C-reactive protein; mNY = modified New York
criteria (scored in wave 3); NA = not applicable (imaging in wave 3 is only scored at baseline, 2 years, and 5 years); NSAID = nonsteroidal anti-

inflammatory drugs; TNFi = tumor necrosis factor inhibitors.
t Missing data <15% in each visit.
¥ Missing data <20% in each visit.

(standardized rate range 0.043-0.126) (Table 3). Three or more
fatty lesions on MRI-SI joints was the Sl joints structural outcome
with highest sensitivity to change (standardized rate 0.274; rela-
tive rate of 6.227 comparing to mNY). On the contrary, >3 ero-
sions on MRI-SI joints was the least sensitive (standardized rate
0.015) of all Sl joints structural outcomes (including both MRI-SI
joints and radiography of the Sl joints). Importantly, >3 fatty
lesions alone was slightly more sensitive to change than combin-
ing fatty lesions with erosions, i.e., >5 fatty lesion and/or erosions
(relative rate of 1.151 for the former compared to the latter).
Among the radiography of the SI joints structural outcomes,
worsening of >1 grade in >1 Sl joints and worsening of >1 grade
in >1 Sl joints, with a 5-year grade >2 in the worsened joint, were
far more sensitive to change compared to the mNY binary

definition as the modality reference (relative rate 2.864 and
2.705, respectively). Of note, the mNY continuous grading and
the mNY binary score had comparable sensitivity to change (rela-
tive rate of the continuous versus the reference binary
score = 0.977).

Overall, the standardized yearly rate of change of the spinal
radiographic outcomes (range 0.037-0.043) was higher as com-
pared to MRI-spine structural outcomes (range 0.012-0.027)
(Table 3), although all are relatively low. Among MRI-spine out-
comes, the total number of bone spurs was the outcome that
most captured change (standardized rate 0.027; and relative rate
of 2.077 compared to >5 fatty lesions, i.e., the modality refer-
ence). Yet, the best MRI-spine outcome is still less sensitive to
change as compared to radiography of the spine outcomes, with

Table 2. Baseline score and standardized yearly rate of change (ROC) of inflammatory imaging outcomes over 5 years of follow-up in patients
with early axial spondyloarthritis (SpA) fulfilling the Assessment of SpondyloArthritis international Society (ASAS) classification criteria for axial SpA*

Relative
Baseline score Standardized Relative standardized
(range ROC standardized ROC per modality

Imaging outcomes 334-344)t per yeart ROCS and anatomic site
Inflammatory lesions (MRI of the Sl joints)f]

Sacroiliitis (ASAS criteria), no. (%) 134 (39.2) -0.278%# 1 1

SPARCC Sl joint score (range 0-72) 47 £79 -0.4414# 1.586 1.586
Inflammatory lesions (MRI of the spine)**

BME >3 lesions, no. (%) 32 (9.4) -0.032 0.319 1

BME >5 lesions, no. (%) 19 (5.6) -0.030 0.094 0.938

23-DVU SPARCC spine score (range 0-414) 26+77 -0.050 0.531 1.563

Berlin spine score (range 0-69) 09+27 -0.055 0.104 1.719

* Values are the mean =+ SD unless indicated otherwise. BME = bone marrow edema; DVU = discovertebral unit; MRI = magnetic resonance
imaging; S| = sacroiliac; SPARCC = Spondyloarthritis Research Consortium of Canada.

t Agreement of >2 of 3 readers for binary variables and of 3 readers for continuous variables from wave 3.

 Estimated from a model in which all independent variables (time, reader, and wave) and the outcome were standardized.

§ Common reference: ASAS MRI of the SI joints.
9 Refs. 9-11.

# Quadratic transformation led to a better model goodness of fit (quasi-likelihood under the independence model criterion).

** Refs. 3 and 12-14.
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Table 3. Baseline score and standardized yearly rate of change (ROC) of structural imaging outcomes over 5 years of follow-up in patients with
early axial spondyloarthritis (SpA) fulfiling the Assessment of SpondyloArthritis international Society (ASAS) classification criteria for axial SpA*

Relative
Baseline score Standardized Relative standardized
(range ROC standardized ROC per modality

Imaging outcomes 313-344)t per yearf ROCS and anatomic site
Structural lesions (radiograph of the Sl joints)q|

mNY dichotomous, no. (%) 73(21.2) 0.044 1 1

mNY 1-grade change# NA 0.126 2.864 2.864

mNY 1-grade change and value >2** NA 0.119 2.705 2.705

mNY continuous grade (range 0-8) 1.7+18 0.043 0.977 0.977
Structural lesions (MRI of the Sl joints)tT

>5 fatty lesions and/or erosions, no. (%) 66 (19.5) 0.238%F 5.409 1

>3 erosions, no. (%) 60 (17.7) 0.015 0.341 0.063

>3 fatty lesions, no. (%) 56 (16.5) 0.274+%F 6.227 1.151

No. of fatty lesions and/or erosions (range 0-80) 29+49 0.111 2.523 0.466

No. of erosions (range 0-40) 134+22 0.030 0.682 0.126

No. of fatty lesions (range 0-40) 15435 0.140 3.182 0.588

Total structural lesions (range 0-144)88 34+£59 0.115 2.614 0.483

Total structural lesions without sclerosis (range 0-104) 32+£58 0.124 2.818 0.521
Structural lesions (radiograph of the spine)q |

>1 syndesmophyte, no. (%) 19(5.5) 0.037 0.841 1

mMSASSS score (range 0-72) 03+13 0.043 0.977 1.162
Structural lesions (MRI of the spine)##

>5 fatty lesions, no. (%) 5(1.6) -0.013 0.295 1

Total structural lesions (range 0-322)*** 04+£10 0.016 0.364 1.231

No. of fatty lesions (range 0-92) 03+£0.8 0.008 0.182 0.615

No. of corner erosions (range 0-92) 0.1+£0.2 0.012 0.273 0.923

No. of corner bone spurs (range 0-92) 01+03 0.027 0.614 2.077

* Values are the mean + SD unless indicated otherwise. mNY = modified New York criteria; MRl = magnetic resonance imaging; mSASSS = modified
Stoke Ankylosing Spondylitis Spine Score; NA = not applicable; SI = sacroiliac.
t Agreement of >2 of 3 readers for binary variables and of 3 readers for continuous variables from wave 3.

} Estimated from a model in which all independent variables (time, reader, and wave) and the outcome were standardized.

§ Common reference: mNY.
9 Refs. 15 and 16.
# Change of at least 1 grade in at least 1 Sl joint.

** Change of at least 1 grade in at least 1 Sl joint, but with a 5-year grade >2 in the worsened joint.

tT Ref. 18.

¥ Quadratic transformation led to a better model goodness of fit (quasi-likelihood under the independence model criterion).

88 Fatty lesions, erosions, sclerosis, and partial ankylosis/total ankylosis.
99 Ref. 19.

## Refs. 20 and 21.

*** Erosions, fat infiltration, bone spurs, and ankylosis.

a standardized rate of 0.037 for >1 syndesmophyte and of 0.043
for the continuous MSASSS.

DISCUSSION

In this prospective observational study, we have shown that
in patients with early axial SpA, MRI outcomes of inflammation
are more sensitive to change in the S joints than in the spine. In
addition, pelvic radiographs yield low sensitivity to change in
detecting structural damage, while fatty lesions detected on
MRI-SI joints emerges as a promising alternative. In contrast,
MRI-spine is not better than radiography of the spine in detecting
structural changes in patients with early axial SpA.

In the current study, we directly compared, for the first time,
inflammation outcomes on MRI-SI joints and MRI-spine and have
shown that the former are more sensitive to change. Inflammation

on MRI-spine remained low and essentially unchanged over a
period of 5 years. Different from previous studies evaluating the
sensitivity to change of imaging outcomes over shorter periods,
we have applied an analytical technique (integrated analysis) that
we have previously shown to be robust for the evaluation of
change over long periods of follow-up, especially with outcomes
that are expected to occur infrequently over time (8). Of note,
combination algorithms (e.g., agreement between 2 of 3 readers)
are not needed when using this method. Instead, each individual
reader score is analyzed as it is in an assumption-free manner
that, to some extent, handles across-reader variability.

The ASAS/OMERACT MRI working group has previously
compared different (continuous) scores to quantify inflammation
on MRI-SI joints (22). In a multireader exercise, the SPARCC
method has been shown to be the most reliable and sensitive to
change among patients with radiographic axial SpA. The current
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study adds to these data by showing that both the continuous
SPARCC score and the binary ASAS definition of a positive MRI-SI
joint yield good sensitivity to change in the entire spectrum of axial
SpA (including nonradiographic axial SpA) during the early phases
of the disease.

The same group performed a similar exercise for MRI-spine
(also in radiographic axial SpA) (3). This experiment has shown
discrepant reliability results for the comparison between the
6-discovertebral unit (DVU) SPARCC score, the Ankylosing Spon-
dylitis Spine MRI Activity score, and the Berlin method (SPARCC
performed better when using the intraclass correlation coefficient
but worse when using the smallest detectable change). All
methods vyielded excellent sensitivity to change according to
Guyatt’s effect size. Here, we compared the 23-DVU SPARCC
score to the Berlin method and 2 binary outcomes and found that
all yield very poor sensitivity to change. Of note, these studies dif-
fer in several aspects, including the reading methods and popula-
tion. In fact, our early axial SpA population had lower baseline
levels of inflammation compared to that in patients from the
ASAS/OMERACT exercise (mean 4+ SD Berlin score 0.9 + 2.7
versus 6 + 9.0, respectively), which may hinder the detection of
change, which we have shown before to be small in early axial
SpA (17). Of note, in patients with nonradiographic axial SpA
and high disease activity selected for randomized controlled trials,
inflamsnmation on MRI-spine performed well both in terms of sensi-
tivity to change and in discriminating response between treatment
arms (23,24). This confirms that the ability of the scoring methods
to detect change is not only dependent on their intrinsic charac-
teristics, but also on the population in which they are applied.

A recent study, also from the DESIR cohort, has shown that
net progression from mNY negative to mNY positive
(i.e., considering measurement error) is very limited (16). In the
current study, we have additionally shown that the change in
the mNY (continuous) grading is as poorly sensitive to change as
the mNY binary score (relative rate of ~1). However, the change
of at least 1 grade in at least 1 Sl joint, with or without considering
the change between grade 0 and grade 1, performs better in
detecting change (16,25).

Information on the sensitivity to change of MRI-SI joints
structural outcomes is very scarce (26). To the best of our knowl-
edge, no previous formal comparison with radiography of the Sl
joints scores has been performed thus far. We have found that
>3 fatty lesions on MRI-Sl joints largely outperform all radiography
of the Sl joints outcomes. Erosions, however, performed poorly in
this early population. Thus, our study yields encouraging data
supporting MRI (in particular fatty lesions) as an alternative to
radiographs in detecting change of structural damage at the Sl
joints. In contrast, in the spine, we found no evidence that MRl is
better than radiographs in detecting change of structural damage.
Despite the disappointing results with MRI, our results are in line
with previous studies, showing that spinal radiographic progres-
sion can be detected even in early phases of the disease (4,27).

A recent study has shown that low-dose computerized tomogra-
phy of the spine is more sensitive at detecting new syndesmo-
phytes than conventional radiographs, which promises to further
expand our ability to detect change in axial damage (28).

Our study has some limitations. First, not all available scoring
systems were assessed. However, to the best of our knowledge,
this is, so far, the largest direct comparison across scores, which
includes those currently more often used in research and clinical
practice. Second, we did not assess all domains of the OMER-
ACT filter, namely validity, reliability, and feasibility (2). Thus, we
cannot, and do not claim to, evoke superiority of one score over
others based on our data alone. Instead, our results should be
interpreted in light of the literature already informing on these
aspects but falling short on direct comparisons of sensitivity to
change. Third, the observed levels of inflammation, structural
damage, and changes over time are limited in this cohort, espe-
cially in the spine, which reduces the possibility of detecting differ-
ences across methods. Finally, our data are limited to patients
with early axial SpA; thus, our findings cannot be generalized to
all patients with axial SpA from clinical practice, especially those
with more advanced disease (i.€., with radiographic axial SpA).

In conclusion, we have shown that MRI inflammation scores
are more sensitive to change in the Sl joints than in the spine.
Also, radiography of the Sl joints structural outcomes are less
sensitive to change compared to fatty lesions on MRI-SI joints. In
contrast, MRI-spine is no better than radiography of the spine in
detecting structural changes in this early axial SpA cohort. These
data may help in prioritizing imaging scoring methods in subse-
quent observational or interventional studies in early axial SpA.
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Performance and Predictors of Minimal Disease Activity
Response in Patients With Peripheral Spondyloarthritis
Treated With Adalimumab
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Objective. To examine the concurrent validity and discrimination of criteria for modified minimal disease activity
(MDA) in peripheral spondyloarthritis (SpA) following filter principles of Outcome Measures in Rheumatology
(OMERACT) and to determine predictors of modified MDA response.

Methods. Four modified MDA versions were derived in the ABILITY-2 study using the Spondyloarthritis Research
Consortium of Canada (SPARCC) enthesitis index or the Leeds Enthesitis Index (LEI) while excluding psoriasis. To
assess concurrent validity, modified MDA versions were correlated with Peripheral Spondyloarthritis Response Criteria
(PSpARC) remission, Ankylosing Spondylitis Disease Activity Score showing inactive disease (ASDAS ID), and physi-
cian global assessment of disease activity. Treatment discrimination was assessed between adalimumab and placebo
at week 12. Multiple logistic regression was used to determine baseline predictors of long-term modified MDA
responses and sustained modified MDA.

Results. The 4 modified MDA versions showed a stronger positive correlation with PSpARC remission (et > 0.95)
versus ASDAS ID (it > 0.75) at week 12 and years 1-3 and were able to show discrimination (P < 0.001). Responsive-
ness was shown at week 12; significantly more patients receiving adalimumab versus placebo achieved all 4 versions
of modified MDA. Approximately 40-60% of patients treated with adalimumab achieved modified MDA using the LEI or
SPARCC enthesitis index at years 1-3. Achieving modified MDA response after 12 weeks of adalimumab treatment
was a robust positive predictor of attaining long-term modified MDA through 3 years (odds ratio [OR] 11.38-27.13 for
modified MDA using the LEI; OR 17.98-37.85 for modified MDA using the SPARCC enthesitis index).

Conclusion. All 4 versions of modified MDA showed concurrent validity and discriminated well between adalimu-
mab and placebo treatment groups. Early modified MDA response is a more consistent predictor of long-term modified
MDA achievement than baseline characteristics. The 5 of 6 versions of modified MDA could be an appropriate treat-

ment target in patients with peripheral SpA.
INTRODUCTION

Peripheral spondyloarthritis (SpA) encompasses patients
with predominantly peripheral symptoms such as peripheral
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(PsA). Relatively few outcome measures have been developed
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SIGNIFICANCE & INNOVATIONS

+ In patients with peripheral spondyloarthritis (SpA),
using 4 modified minimal disease activity (MDA;
excluding psoriasis) versions following aspects of
the Outcome Measures in Rheumatology
(OMERACT) filter criteria, the modified MDA version
that used either of the psoriatic arthritis (PsA)-
validated entheseal indices (Leeds Enthesitis Index
and Spondyloarthritis Research Consortium of
Canada enthesitis index) discriminated well between
adalimumab and placebo treatment groups.

» Similar to MDA definitions used in PsA, the data
presented here support the concurrent validity
and discrimination of modified MDA using either
of the entheseal indices, depending on physician
preference.

« Early modified MDA response is a more consistent
predictor of long-term modified MDA achievement
than baseline characteristics, and identification of
factors that predict long-term modified MDA
response in peripheral SpA patients would help to
facilitate treatment decisions.

validated outcome measures in nonpsoriatic peripheral SpA,
recent studies have used varying outcome measures such as
improvement in the patient global assessment of disease activity
(PtGA) used in the TIPES trial (3), >40% improvement in Peripheral
Spondyloarthritis Response Criteria (PSpARC40) developed as a
novel primary end point in the ABILITY-2 trial (4), or clinical remis-
sion, defined as absence of peripheral arthritis, enthesitis, and
dactylitis used in the golimumab CRESPA trial (5).

The discriminatory capacity of different outcome measures
was evaluated in patients with peripheral SpA from the TIPES
and ABILITY-2 studies (6). Although most of the outcome mea-
sures used in studies of peripheral SpA distinguished between
active treatment and placebo, not all of the relevant disease man-
ifestations of peripheral SpA were fully captured. Therefore, it may
be worthwhile to develop and validate alternative peripheral SpA-
specific composite indices that better capture relevant disease
aspects of peripheral SpA.

The minimal disease activity (MDA) measure was developed
and validated in patients with PsA to define a specific disease

Genentech, Merck, Sun Pharma, and UCB (less than $10,000 each), Amgen, Jans-
sen, Eli Lilly and Company, Novartis, and Pfizer (more than $10,000 each) and
research grants from those companies. Dr. Ramiro has received consulting
fees and/or speaking fees from AbbVie, Eli Lilly and Company, MSD, Novartis,
Sanofi, and UCB (less than $10,000 each) and research grants from MSD. Drs.
Wu, Wang, Pangan, and Song own stock or stock options in AbbVie. No other
disclosures relevant to this article were reported.

AbbVie is committed to responsible data sharing regarding the clinical tri-
als we sponsor. This includes access to anonymized, individual, and trial-level
data (analysis data sets), as well as other information (e.g., protocols and clin-
ical study reports), as long as the trials are not part of an ongoing or planned
regulatory submission. This includes requests for clinical trial data for unli-
censed products and indications. These clinical trial data can be requested
by any qualified researchers who engage in rigorous, independent scientific

activity state and has been validated in interventional clinical trials
and observational studies and recommended as a treatment tar-
get in patients with PsA (7—12). However, the potential applicabil-
ity of MDA to other forms of peripheral SpA has not yet been
established. If the measure shows validity in defining a disease
state in peripheral SpA, identification of factors that predict long-
term modification of the MDA response in patients with peripheral
SpA would help to facilitate decisions regarding treatment initia-
tion and maintenance.

The purpose of this analysis was to examine the concurrent
validity and discrimination of modified MDA criteria (excluding
psoriasis) following aspects of the Outcome Measures in Rheu-
matology (OMERACT) filter (including truth and discrimination)
and to identify predictors of long-term modified MDA response
following treatment with adalimumab in patients with peripheral
SpA included in the ABILITY-2 study (13).

PATIENTS AND METHODS

Patient population. Results from ABILITY-2 (ClinicalTrials.
gov identifier: NCT01064856), a phase 3, randomized, double-blind,
placebo-controlled study, were reported previously (4,14). Briefly,
ABILITY-2 included adult patients (>18 years) with peripheral SpA
who fulfilled the Assessment of SpondyloArthritis international Society
criteria for peripheral SpA, with symptom onset at least 3 months
prior to study entry (1). To avoid overlap in patient populations,
patients with a history of psoriasis or PsA or ankylosing spondyli-
tis (AS) were excluded from the study. Patients were randomized
1:1 to receive adalimumab 40 mg or placebo every other week
during the 12-week placebo-controlled period, followed by an
open-label extension during which they received open-label ada-
limumab for up to 144 weeks. Patients underwent a total of
16 visits during the open-label period of the study (14). In this
analysis, data from the ABILITY-2 study were used to examine
the concurrent validity and discrimination of modified versions of
MDA and to identify predictors of long-term modified MDA follow-
ing adalimumab treatment.

Outcome measures. The original MDA measure for PsA is
defined as achieving >5 of the following 7 criteria: tender joint
count of 78 joints (TJC78) of <1; swollen joint count of 76 joints
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(SJC76) of <1; Psoriasis Area and Severity Index (PASI) score of
<1; patient assessment of pain score of <15 on a visual analog
scale (VAS) (0-100 mm); PtGA score of <20 on a VAS (0-
100 mm); Health Assessment Questionnaire disability index
(HAQ D) score of <0.5; and <1 tender entheseal points (assessed
bilaterally at 2 sites) (7).

Skin outcome measures (using the PASI or body surface
area), however, were not included in ABILITY-2, as patients with
psoriasis or PsA were excluded. Hence, the MDA criteria were
modified for the nonpsoriatic, peripheral SpA population by
removing the psoriasis skin component (i.e., the PASI score),
and 2 modifications were tested defined as achieving at least
4 or 5 of the 6 modified MDA components mentioned above,
but excluding the PASI score. A previous study showed that the
Leeds Enthesitis Index (LEl) and the Spondyloarthritis Research
Consortium of Canada (SPARCC) enthesitis index were able to
better discriminate between adalimumab and placebo treatment
responses compared with the Maastricht Ankylosing Spondylitis
Enthesitis Score in patients with peripheral SpA (15), but it has
not been investigated whether the SPARCC enthesitis index or
the LEIl instrument is better in peripheral SpA. Thus, enthesitis
was assessed by either the LElI or SPARCC enthesitis index in this
analysis. The different enthesitis measures are described in Sup-
plementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24442/
abstract. To summarize, at each time point, the following 4 ver-
sions of modified MDA were evaluated: modified MDA 4 of
6 (LEI) (achieving 4 of 6 modified MDA components, and use of
the LEl); modified MDA 5 of 6 (LEl) (achieving 5 of 6 modified
MDA components); modified MDA 4 of 6 (SPARCC) (use of the
SPARCC enthesitis index); and modified MDA 5 of 6 (SPARCC).

Remission according to the Peripheral SpA Response Cri-
teria (PSpARC) and remission according to the Ankylosing Spon-
dylitis Disease Activity Score showing inactive disease (ASDAS ID;
ASDAS score <1.3) were used as outcome measures (4,16). Dis-
ease remission based on the PSpARC was defined as achieving
an SJC of <1 and >4 of following 5 criteria: PtGA score of <20;
patient assessment of pain score of <20; TUC78 of <1; an enthe-
sitis count (based on 29 enthesitis sites) of <1; and a dactylitis
count of <1 (4).

Statistical methods. Given that there is no true gold stan-
dard for disease control in peripheral SpA, criterion validity could
not be assessed. Instead, concurrent validity was assessed by
correlation of the 4 versions of the modified MDA with related dis-
ease outcome measures. Correlation analyses were therefore
performed using PSpARC remission and ASDAS ID by tetracho-
ric correlation (re) applicable for binary outcomes (17); in addition,
the correlation between the 4 versions of modified MDA and phy-
sician global assessment of disease activity (PhGA) was evaluated
by point-biserial correlation (rpp) applicable for 1 continuous and
1 binary outcome (18).

The discriminatory ability of all 4 versions of modified MDA,
PSpARC remission, and ASDAS ID comparing adalimumab treat-
ment versus placebo at week 12 was assessed using Pearson’s
X2 test (higher score meaning better discrimination). To differenti-
ate between the 4 candidate modified MDA measures and to
examine their threshold of meaning, residual disease in different
domains despite achieving these candidate targets was analyzed.

Patients who received at least 12 weeks of adalimumab
treatment during the placebo-controlled period or open-label
extension with data available after 12 weeks of adalimumab
exposure and at years 1, 2, and 3 were included in this analysis
(data are presented as observed). The number and proportion of
patients achieving a modified MDA response over time was
calculated.

Multiple logistic regression with stepwise variable selection
was used to determine predictors of long-term, 5 of 6 modified
MDA responses at year 1, year 2, and year 3, respectively, and
sustained modified MDA response at any time point (defined as
achieving modified MDA for at least 24 consecutive weeks (14).
Two sets of candidates predicting variables were considered in
the model selection: baseline patient demographic and disease
characteristics alone, and also the same potential predictors
along with modified MDA response after 12 weeks of adalimu-
mab exposure (Mmodified MDA12). Candidate baseline variables
included in the analysis were age, sex, duration of peripheral
SpA (in years), HLA-B27 status (positive versus negative), high-
sensitivity C-reactive protein (hs-CRP) status (elevated versus
normal), prior treatment with disease-modifying antirheumatic
drugs (yes versus no), TJC78, SJC76, enthesitis count (0-29),
dactylitis count (0-20), Bath Ankylosing Spondylitis Disease Activ-
ity Index (BASDAI) score, ASDAS, PtGA (0—-100 mm VAS), PhGA
(0-100 mm VAS), and treatment groups (adalimumab versus
placebo).

RESULTS

Patients enrolled in ABILITY-2 had generally comparable
demographic and baseline disease characteristics except for
mean age, which was higher in the adalimumab group, and the
percentage of patients with a dactylitis count of >1, which was
lower in the adalimumalb group versus placebo (4). Patients with
peripheral SpA receiving adalimumab achieved significantly
greater clinical responses compared with placebo at week
12, and the efficacy was maintained over 3 years (4,14).

Correlation between modified MDA and other
outcome measures for peripheral SpA. To explore the rela-
tionship between modified MDA and outcome measures for
peripheral SpA used in prior clinical trials, response rates were
compared at week 12 and years 1-3. All 4 versions of modified
MDA response showed a stronger positive correlation with
PSpARC remission (i > 0.95) compared with ASDAS ID
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(et > 0.75) at week 12 and years 1-3 (Table 1). There was a mod-
erate negative correlation between the 4 versions of modified
MDA response and PhGA (r,, = 0.43-0.61) at week 12 and years
1-3. However, the 4 versions of modified MDA did not correlate
with CRP levels (data not shown). Correlation with PtGA was not
performed as PtGA is part of the MDA measure.

Achievement of modified MDA over 3 years. Among
163 patients (82 receiving adalimumab, 81 receiving placebo)
who completed week 12 of the double-blind period of
ABILITY-2, a significantly greater proportion of patients receiving
adalimumab achieved modified MDA (regardless of the definition)
compared with placebo (P < 0.001 for all comparisons) (Figure 1).
At week 12, 40.2%, 28.0%, 35.4%, and 26.8% of patients
treated with adalimumab achieved modified MDA based on LEI
4 of 6, LEI 5 of 6, SPARCC 4 of 6, and SPARCC 5 of 6, respec-
tively, compared with 13.6%, 4.9%, 12.3%, and 4.9% of patients
treated with placebo.

Among patients who achieved modified MDA at week
12, 48.5% (LEl 4 of 6; n = 16), 69.6% (LElI 5 of 6; n = 16),
48.3% (SPARCC 4 of 6; n = 14), and 63.6% (SPARCC 5 of 6;
n = 14) of patients treated with adalimumab attained all 6 compo-
nents of modified MDA compared with only 18.2% (n = 2), 50.0%
(n=2),20% (n = 2), and 50.0% (n = 2) of patients treated with
placebo.

During the open-label extension, the proportion of patients
who achieved modified MDA (as observed) were maintained over

Table 1. Correlation between modified minimal disease activity
(MDA) and peripheral spondylitis outcome measures*®

Week 12 Year1 Year2 Year3

Modified MDA (DB) (OLE) (OLE) (OLE)
4 of 6 LEI components
PSPARC remissiont 0.99% 0.99 0.96 0.99
ASDAS IDT 0.82 0.79 089 0.86
PhGAS -0.50 -051  -051 -0.61
5 of 6 LEI components
PSPARC remissiont 0.98 0.98 097  0.99%
ASDAS IDT 0.82 0.80 088  0.84
PhGAS -0.44 -047 -054 -055
4 of 6 SPARCC components
PSPARC remissiont 0.99 0.99 096 099
ASDAS IDT 0.76 0.76 089 085
PhGAS -0.49 -055 -0.54 -058
5 of 6 SPARCC components
PSPARC remissiont 0.97 0.98 0.97 0.99
ASDAS Dt 0.80 0.79 086 0.83
PhGAS -043 -046  -0.50 -0.54

* ASDAS ID = Ankylosing Spondylitis Disease Activity Score showing
inactive disease; DB = double-blind period; LEI = Leeds Enthesitis
Index; OLE = open-label extension; PhGA = physician global assess-
ment of disease activity; PSpARC = Peripheral Spondyloarthritis
Response Criteria; SPARCC = Spondyloarthritis Research Consortium
of Canada enthesitis index.

t Tetrachoric correlation.

t Value >0.99.

§ Point-biserial correlation.

3 years across all 4 versions (see Supplementary Figure 1, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24442/abstract). How-
ever, the rate of modified MDA achievement, including achieve-
ment of sustained modified MDA, was numerically higher at
every time point among patients initially randomized to receive
adalimumab compared with patients switching from placebo to
adalimumab.

Ability of modified MDA for detection of treatment
effect. All 4 versions of modified MDA had numerically higher
Pearson’s ¥° values compared to PSpARC remission and the
ASDAS ID. All 4 versions showed the ability to detect significant
efficacy difference between adalimumab and placebo treatment
groups (Table 2).

Individual modified MDA components and criteria
not met. To establish the threshold of meaning of the measure,
the individual modified MDA components that were not achieved
in the patients treated with adalimumab achieving each version
of modified MDA were assessed to better understand their con-
tribution to the overall response. Among patients receiving ada-
limumab who fulfiled 4 of 6 modified MDA criteria (LEI or
SPARCC) at week 12, the joint count criteria were most fre-
quently not met (TJC: LEI 4 of 6 [27.3%]; SPARCC 4 of
6 [20.7%]; SJC: LEI 4 of 6 [30.3%]; SPARCC 4 of 6 [24.1%])
(Table 3). However, the 5 of 6 criteria (LEI or SPARCC) were
more stringent, with approximately only 4% and 13% not meet-
ing the TJC or SJC criterion, respectively. Approximately 5-
10% of patients treated with adalimumab achieving modified
MDA did not attain the HAQ DI criterion. For enthesitis, there
was no big difference between the 4 of 6 or the 5 of 6 modified
MDA versions; but using the LEI versions of modified MDA,
patients treated with adalimumab all attained the enthesitis crite-
rion compared with 9% and 10% of patients not meeting this cri-
terion using the modified MDA versions and the SPARCC
enthesitis index, respectively.

In patients treated with adalimumab achieving 4 of 6 modified
MDA criteria (LEI or SPARCC), the mean TJC and SJC were at or
above the modified MDA cutoff (see Supplementary Table 2,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24442/abstract), while
all other components were lower than the modified MDA cutoff.
The 5 of 6 modified MDA criteria were more stringent, with the
mean of each MDA component lower than the modified MDA cut-
off. Among patients with peripheral SpA who did not achieve
modified MDA at week 12, 83-88% of patients treated with adali-
mumab achieved 1 of 6 modified MDA criteria (LEl or SPARCC),
while the rate was 66-79% in patients treated with placebo (see
Supplementary Table 3, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24442/
abstract).


https://doi.org/10.1002/acr.24442/abstract
https://doi.org/10.1002/acr.24442/abstract
https://doi.org/10.1002/acr.24442/abstract
https://doi.org/10.1002/acr.24442/abstract
https://doi.org/10.1002/acr.24442/abstract
https://doi.org/10.1002/acr.24442/abstract

MODIFIED MDA IN PERIPHERAL SpA

263

p-

-
=]
o

1 Placebo (N=81)

-]
o

—

[a3]

Percentage of patients

e
0 ﬁ K]

W Adalimumab (N=82)

B

13.6
4/6 LEI 56 LEI 4/6 SPARCC 5/6 SPARCC

(@)

100

& PlacebolAdalimumab (N=68)
80
—

60 —
58.1

Percentage of patients

D

W AdalimumablAdalimumab (N=62)

416 LEI 5/6 LEI 4/6 SPARCC 5/6 SPARCC

Figure 1.

100
W AdalimumablAdalimumab (N=71)
3 PlacebolAdalimumab (N=74)

80

60

40

4/6 SPARCC

5/6 SPARCC

100
W Adalimumab/Adalimumab (N=54)
2 Placebo/Adalimumab (N=58)

4/6 SPARCC

80

60

40

20

5/6 LEI

=1

4/6 LEI 5/6 SPARCC

Achievement of modified minimal disease activity (MDA) (as observed) at week 12 (A), and years 1 (B), 2 (C), and 3 (D) in patients

receiving adalimumab, placebo, or switching from placebo to adalimumab at week 12 using 4 definitions of minimal MDA. P values for difference
between adalimumab and placebo or placebo/adalimumab treatment groups: * = P < 0.05; ** = P < 0.001. LEl = Leeds Enthesitis Index;
SPARCC = Spondyloarthritis Research Consortium of Canada enthesitis index.

Predictors of long-term modified MDA response.
Multiple logistic regression analyses were performed for the more
stringent 5 of 6 modified MDA definitions based on better face
validity and identified modified MDA response after 12 weeks of
adalimumab exposure (modified MDA12) as a strong and robust
positive predictor of attaining both long-term modified MDA at
years 1-3 and sustained modified MDA (P < 0.001 for the 5 of
6 modified MDA definitions, using either the LEl [odds ratio
(OR) range 11.38-27.13] or the SPARCC enthesitis index
[OR range 17.98-37.85] at years 1-3 and sustained over time)
(Figure 2). In contrast, baseline BASDAI score was a consistent
negative predictor of modified MDA achievement at years 1-3
and sustained over time, irrespective of the inclusion of the LEI
(OR range 0.36-0.66) or the SPARCC enthesitis index
(OR range 0.51-0.68) in the modified MDA definition (Figure 2).

Although prior DMARD use and baseline PhGA score were
selected as positive predictors, and baseline enthesitis was
selected as a negative predictor, these variables did not consis-
tently predict achievement of modified MDA at every time point
or sustained over time and were only weakly associated. The
ASDAS showed positive association with achievement of modi-
fied MDA at year 3.

An analysis excluding the ASDAS was performed, as the
ASDAS and BASDAI score are highly correlated outcomes. The
analysis showed that both modified MDA12 and BASDAI score
were still significantly associated with modified MDA achieverment
at year 3 (see Supplementary Figure 2, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24442/abstract). In addition, hs-CRP level showed
a positive association with achievement of modified MDA at year

Table 2. Discrimination between adalimumab and placebo treatment at week 12*

Outcome measure Adalimumab Placebo Pearson's x° P

Modified MDA, 4 of 6 LEI components 33/82 (40.2) 11/81 (13.6) 14.70 <0.001
Modified MDA, 5 of 6 LEI components 23/82 (28.0) 4/81 (4.9) 15.75 <0.001
Modified MDA, 4 of 6 SPARCC components 29/82 (35.4) 10/81 (12.3) 11.86 <0.001
Modified MDA, 5 of 6 SPARCC components 22/82 (26.8) 4/81 (4.9) 14.57 <0.001
PSPARC remission 33/81 (40.7) 16/80 (20.0) 8.18 0.004
ASDAS ID 27/80 (33.8) 12/78 (15.4) 7.7 0.007

* Values are the no./total no. (%) unless indicated otherwise. ASDAS ID = Ankylosing Spondylitis Disease Activity Score showing inactive disease;

LEI

= Leeds Enthesitis Index; MDA = minimal

disease activity; PSpARC

Peripheral Spondyloarthritis Response Criteria;

SPARCC = Spondyloarthritis Research Consortium of Canada enthesitis index.
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Table 3. Criteria not met in achievers of modified minimal disease activity (MDA) receiving adalimumab at week 12*

Patient pain VAS PtGA VAS HAQ DI Enthesitis index

Modified MDA TJC78 <1  SJ)C76 <1 score < 15T score < 20 score < 0.5 score <1

4 of 6 LEI components 9(27.3) 10(30.3) 2(6.1) 3(9.1) 309.1) 0(0.0)
(n=33)

5 of 6 LEI components 14.3) 3(13.0) 0(0.0) 1(4.3) 2 (8.7) 0(0.0)
(n=23)

4 of 6 SPARCC components 6(20.7) 7(24.1) 1(3.4) 2 (6.9) 3(10.3) 3(10.3)
(n=29)

5 of 6 SPARCC components 1(4.5) 3(13.6) 0(0.0) 1(4.5) 1(4.5) 2(9.1)
(n=22)

* Values are the number (%). HAQ DI = Health Assessment Questionnaire disability index (based on 20 questions); LEl = Leeds Enthesitis Index;
PtGA = patient global assessment of disease activity; SJC76 = swollen joint count of 76 joints; SPARCC = Spondyloarthritis Research Consortium
of Canada enthesitis index; TJC78 = tender joint count of 78 joints; VAS = visual analog scale.

t Patient pain = patient global assessment of pain.

3; elevated baseline hs-CRP was associated with increased likeli-
hood of achieving modified MDA.

In the model examining the baseline variables alone (model
without modified MDA12), age, enthesitis, and BASDAI scores
were most commonly selected as negative predictors for
achieving long-term response over 3 years and sustained mod-
ified MDA (Figure 3). Baseline PhGA, hs-CRP level, and male
sex were selected as positive predictors, and dactylitis was
selected as negative predictor; however, these predictors were
not consistently selected for all time points or sustained
modified MDA.
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The modified MDA response rates (probability of achieving
modified MDA response) at years 1-3 and sustained over time in
patients who achieved modified MDA after 12 weeks of adalimu-
mab exposure compared with patients who did not achieve mod-
ificd MDA12 are shown in Supplementary Table 4, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24442/abstract. The response rate was
consistent with the model selection results, indicating that
patients who achieved modified MDA after 12 weeks of adalimu-
mab exposure were 80-90% more likely to achieve modified
MDA response at years 1-3 and sustained over time.
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Figure 2. Factors associated with long-term and sustained modified minimal disease activity (MMDA) response predictors of long-term (years 1-3)
and sustained mMDA responses at baseline and week 12 using a multiple logistic regression model, including mMDA response after 12 weeks of
adalimumab treatment (MMDA12), for the 5 of 6 Leeds Enthesitis Index (LEI) components (A) and the 5 of 6 Spondyloarthritis Research Consortium
of Canada (SPARCC) enthesitis index components (B). Only variables selected by a stepwise selection model are shown (variables selected by the
model are significant at P < 0.05). 95% Cl = 95% confidence interval; ASDAS = Ankylosing Spondylitis Disease Activity Score; BASDAI = Bath Anky-
losing Spondylitis Disease Activity Index; DMARDs = disease-modifying antirheumatic drugs; PhGA = physician global assessment of disease activ-

ity; SUC76 = swollen joint count of 76 joints; SpA = spondyloarthritis.
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Figure 3. Factors associated with long-term and sustained modified minimal disease activity (mMMDA) response predictors of long-term (years 1-3)
and sustained mMDA responses at baseline using a multiple logistic regression model, without mMMDA response after 12 weeks of adalimumab treat-
ment, for the 5 of 6 Leeds Enthesitis Index (LEI) components (A) and the 5 of 6 Spondyloarthritis Research Consortium of Canada (SPARCC) enthe-
sitis index components (B). Only variables selected by a stepwise selection model are shown (variables selected by the model are significant at
P < 0.05). 95% Cl = 95% confidence interval; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index; hs-CRP = high sensitivity C-reactive

protein; PhGA = physician global assessment of disease activity.

DISCUSSION

The MDA measure has been established as a valid composite
outcome measure and appropriate treatment target in patients with
PsA (19,20). The present analyses evaluated the potential applica-
bility and performance of a modification of the MDA following princi-
ples of the OMERACT filter in patients with nonpsoriatic peripheral
SpA from the ABILITY-2 study and identified predictors of long-term
modified MDA responses following treatment with adalimumab.

Given that there is no established gold standard in peripheral
SpA, criterion validity could not be assessed. Therefore, we eval-
uated concurrent validity, which assesses how the modified
MDA compares with other measures, to measure similar con-
structs (the PSpARC and the ASDAS). All 4 versions of modified
MDA criteria showed strong positive correlations with PSpARC
remission and ASDAS ID, disease-specific outcome measures in
peripheral SpA, underlining the validity of applying modified MDA
criteria to peripheral SpA. Among the response criteria evaluated,
all 4 modified MDA versions, the PSpARC remission, and ASDAS
ID overall discriminated well between adalimumab and placebo
treatment groups, and the modified MDA version that used either
of the PsA-validated entheseal indices (the LEl and the SPARCC
enthesitis index) performed comparably.

Similar to definitions of MDA used in PsA, the data presented
here support the concurrent validity and discrimination of modi-
fied MDA using either of the entheseal indices depending on

physician preference. At week 12, nearly 35-40% of patients
treated with adalimumab achieved 4 of 6 versions of modified
MDA, while 27-28% achieved the more stringent 5 of 6 versions
of modified MDA. The proportions of patients achieving modified
MDA was maintained over 3 years across the different definitions
of modified MDA, reaching up to 58-60% in patients initially ran-
domized to adalimumab and continued therapy. Throughout the
duration of the study (3 years), sustained modified MDA was
achieved by 55% (4 of 6 versions) and 44% (5 of 6 versions) of
patients initially treated with adalimumab. The rates of sustained
modified MDA using the more stringent 5 of 6 versions of the LEI
or the SPARCC enthesitis index are similar to the rates observed
in previous studies (21,22). Also, at week 12, 17-20% of patients
receiving adalimumab achieved 6 of 6 versions of modified MDA,
which is in accordance with the rates of MDA using 7 of 7 criteria
reported in patients with PsA (23,24).

In PsA, MDA requires achievement of 5 of 7 criteria. However,
the MDA criteria were modified for the nonpsoriatic peripheral SpA
population by removing the psoriasis skin component (i.e., the PASI
score); with this modification, it was unclear if 4 of 6 or 5 of 6 would
perform best in peripheral SpA. Concurrent validity and treatment
discrimination were similar for both the 4 of 6 and the 5 of 6 versions,
so residual disease was examined to compare these further.
Among patients treated with adalimumab who achieved 4 of 6 ver-
sions of modified MDA at week 12, joint responses (TJC and SJC)
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were most often the limiting factors in modified MDA attainment. In
patients achieving 5 of 6 versions of modified MDA, SJC, followed
by HAQ DI (LEI) or enthesitis (SPARCC), appeared to limit modified
MDA achievement, but residual levels of disease were much lower.
Interestingly, all patients treated with adalimumab achieving modi-
fied MDA based on the LEl met the enthesitis criterion, whereas
9-10% failed to meet the enthesitis criterion based on the SPARCC
enthesitis index. This difference is likely attributed to more sites
being assessed in the SPARCC enthesitis index compared with
the LEI. More studies are needed to assess whether the LEIl or
SPARCC enthesitis index might be more appropriate to use in
peripheral SpA.

Although most modified MDA components were below the
modified MDA cutoff in patients treated with adalimumab achiev-
ing 4 of 6 modified MDA criteria, the mean TJC and SJC were at
or above the modified MDA cutoff. In contrast, the mean for all
modified MDA components was below the modified MDA cutoff
in patients treated with adalimumab achieving 5 of 6 versions. A
measure of MDA or a treatment target should be associated with
low levels of residual disease for face validity. The 5 of 6 modified
MDA versions were more stringent than the 4 of 6 versions and
more closely represent the concept of MDA with low values for
most of the modified MDA components. Thus, to summarize:
the 5 of 6 modified MDA criteria using either of the entheseal mea-
sures, rather than the 4 of 6 modified MDA criteria, could be an
appropriate response measure in patients with peripheral SpA.

Multiple logistic regression analysis identified achievement of
either of the 5 of 6 versions of modified MDA (modified MDA 5 of
6 [LEI] or modified MDA 5 of 6 [SPARCC]) after 12 weeks of ada-
limumab exposure as the strongest and most consistent predic-
tors of long-term modified MDA, whether at 1, 2, or 3 years or
sustained over time. That early clinical response is predictive of
long-term response is in line with other studies in PsA, AS, or
peripheral SpA (22,25,26). In PsA patients treated with certolizu-
mab pegol, early clinical response at week 12 was identified as a
positive predictor of MDA response at week 48 (27). Previously,
achievement of early response at week 12 in patients with AS
receiving adalimumab was found to be most predictive of long-
term treatment response (28). Recently, in patients with peripheral
SpA from ABILITY-2, ASDAS ID or PSpARC remission at week
12 were shown to predict subsequent long-term and sustained
treatment response (14). All other variables including baseline
BASDAI score were either only marginal predictors and/or did
not reliably or consistently predict modified MDA response at
every time point or sustained over time. In several studies evaluat-
ing predictors of MDA response in patients with PsA, baseline
HAQ DI was most often reported as a negative predictor of long-
term MDA (22,25,26).

Limitations of the current analysis include the limited sample
size in each treatment arm and the lack of PASI score in the defi-
nition of MDA. However, ABILITY-2 had both a placebo-
controlled period and long-term open-label extension, allowing

the validation of modified MDA in a population of patients with
peripheral SpA and identification of predictors of long-term treat-
ment response. As there is no gold standard in peripheral SpA,
we used concurrent validity to assess the performance of modi-
fied MDA versions compared to other available outcome mea-
sures that have been used in the past in peripheral SpA.
Correlation analyses were only performed with a limited number
of other end points such as the PSpARC or ASDAS ID, as few
outcome measures are established in this disease. This analysis
did not aim to address all aspects of the OMERACT filter system-
atically, so further work is required using different methodology to
address truth (content and face validity), feasibility, and reliability.
However, it should be noted that the original MDA has been
proven to be feasible, so the modifications by definition should
also be feasible given that 1 domain was removed. The perfor-
mance of the modified MDA could not be analyzed in subgroups
of peripheral SpA patients with dactylitis, inflammatory bowel dis-
ease (IBD), or uveitis due to the limited sample size of these sub-
groups. While the modified MDA criteria could reasonably be
applied to peripheral SpA patients with dactylitis, as they evaluate
tender and swollen joints, further studies are needed for patients
with IBD or uveitis.

In conclusion, modified MDA using 5 of 6 criteria in peripheral
SpA appears to be a valid, discriminative measure to assess treat-
ment differences in patients with peripheral SpA. Achievement of
early modified MDA response following adalimumab treatment
was the most robust and consistent predictor of long-term modi-
fied MDA response.
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Determinants of the Physician Global Assessment of Disease
Activity and Influence of Contextual Factors in Early
Axial Spondyloarthritis
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Objective. To investigate determinants of the physician global assessment (PhGA) of disease activity and the
influence of the contextual factors on this relationship in patients with early axial spondyloarthritis (SpA).

Methods. Five-year data of DESIR, a cohort of early axial SpA, were analyzed. Univariable generalized estimating
equations (GEEs) were used to investigate contributory explanatory effects of various potential determinants of PhGA.
Effect modification by contextual factors (age, sex, and educational level) was tested, and if significant, models were
stratified. Autoregressive GEE models (i.e., models adjusted for PhGA at the previous time point) were used to confirm
a longitudinal relationship.

Results. A total of 708 patients were included. Higher Bath Ankylosing Spondylitis Disease Activity Index individual
questions, swollen joint count in 28 joints (SJC28), tender joint count in 53 joints, Maastricht Ankylosing Spondylitis
Enthesitis Score, C-reactive protein (CRP) level, and Bath Ankylosing Spondylitis Metrology Index score were associ-
ated with a higher PhGA. Sex and age were effect modifiers of SJC28; the contributory effect of SJC28 was largest
in the younger male stratum (B = 1.07 [95% confidence interval (95% CI) 0.71, 1.43]), and the smallest in the older
female stratum (B = 0.13 [95% CI 0.04, 0.22]). Autoregressive GEE models revealed the same determinants as having
a longitudinal association with PhGA and the same pattern of effect modification.

Conclusion. Patients’ subjective symptoms, peripheral arthritis and enthesitis, higher CRP level, and impaired spi-
nal mobility contribute to explaining PhGA in patients with early axial SpA, irrespective of sex and age. Intriguingly, phy-

sicians consider the presence of swollen joints as more important in males than in females.

INTRODUCTION

Axial spondyloarthritis (SpA) is a rheumatic musculoskeletal
disease primarily affecting the axial skeleton. Although axial SpA
is mainly a disease of the spine, it may affect the peripheral joints
and manifest itself in extramusculoskeletal manifestations. The
goal of treatment in axial SpA is to improve the quality of life by
abrogating inflammation that causes symptoms, structural

The DESIR study is conducted as a Programme Hospitalier de
Recherche Clinique with Assistance Publique Hopitaux de Paris as the
sponsor and is supported by the French Society of Rheumatology. An unre-
stricted grant from Pfizer has been allocated for the first 10 years. The
DESIR cohort is conducted under the control of Assistance Publique Hopi-
taux de Paris via the Clinical Research Unit Paris Center and under the
umbrella of the French Society of Rheumatology and Institut National de
la Santé et de la Recherche Medicale (Inserm). Database management is
performed within the Department of Epidemiology and Biostatistics by
Jean-Pierre Daures, DIM, Nimes, France. Dr. Hirano's work was supported
by a scholarship from the Japan College of Rheumatology (Japan College
of Rheumatology-European Alliance of Associations for Rheumatology
Young Rheumatologist Training Program).
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damage, and physical disability. To achieve this goal, treatment
needs to be adjusted through a shared decision based on a
proper assessment of disease activity.

While the patient global assessment is considered an impor-
tant item and is incorporated in the disease activity measurement
in axial SpA, namely in the Ankylosing Spondylitis Disease Activity
Score (1), far less attention is paid to the physician global assess-
ment (PhGA). However, PhGA is still a major factor in the
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SIGNIFICANCE & INNOVATIONS

+ Physician global assessment (PhGA) of disease
activity is a major factor in the therapeutic
decision-making process, but little is known about
which disease manifestations actually contribute to
PhGA in axial spondyloarthritis.

+ The patient's subjective symptoms, the peripheral
joints and enthesitis findings, C-reactive protein
level, and spinal mobility determine PhGA.

« The presence of swollen joints is most associated
with higher PhGA in young male patients and the
least in older females.

therapeutic decision-making process (2,3). Holding responsibility
for the outcomes and knowledge of the therapeutic options, the
treating physician supposedly summarizes the patient’s com-
plaints and objective findings into his/her own assessment and
takes the initiative in therapeutic decisions. This situation is espe-
cially true with the advent of new therapies, which are effective,
yet expensive and with distinct safety profiles.

Only a few studies have investigated PhGA as an outcome in
patients with axial SpA (4-6). The main interest of these studies
was the discordance with patient global assessment, and only
1 study has investigated the factors explaining PhGA (4). Cervical
rotation, swollen joints, C-reactive protein (CRP) level, intermalleo-
lar distance, and finger-to-floor were reported to explain PhGA.
This analysis was based on cross-sectional data only and in
patients with established ankylosing spondylitis, currently known
as radiographic axial SpA. Nevertheless, little is known about
which disease manifestations actually contribute to the PhGA over
time and in particular in the early phase of the disease. Moreover,
the patients’ characteristics (such as age, sex, and educational
level) are also hypothesized to have influence on the physician’s
interpretation of the disease manifestations. These patient charac-
teristics are referred to as contextual factors and are important
because they may have influence on outcomes as effect modifiers
or confounders (7). The objectives of this study were to investigate
the determinants of PhGA and the influence of contextual factors
(age, sex, and educational level) on the contributory effects of the
determinants of PhGA over time in patients with early axial SpA.

PATIENTS AND METHODS

Study design, study population, and outcome. DESIR
is a cohort of patients with early inflammatory back pain highly
suggestive of axial SpA. The protocol has been described
previously (8). Briefly, the inclusion criteria were patients ages
18-50 years, with inflammatory back pain of >3 months
and <3 years duration and symptoms highly suggestive of axial
SpA according to the rheumatologist. A total of 708 patients were
included consecutively in 25 French centers between December

2007 and April 2010. Clinical data were collected every 6 months
up to 2 years and annually up to 5 years. Magnetic resonance
imaging (MRI) of the spine and sacroiliac (Sl) joints was performed
in all patients at baseline and in patients from 9 centers in Paris at
2 years and 5 years. Patients with PhGA scores collected at least
once during the 5-year follow-up were subjects of the present
analyses. The PhGA was collected on a 0-10 numerical rating
scale by asking the physician’s “overall assessment of the activity
of the rheumatic disease during the last 48 hours,” with inactive dis-
ease and active disease as anchors (a higher score means higher
disease activity). The database used for this analysis was locked in
June 2016. DESIR has been approved by the appropriate ethics
committees and patients signed the informed consent upon
participation.

Potential explanatory variables of PhGA. Potential
explanatory variables were as follows: individual component
questions of the Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI; question 1 [Q1]: fatigue, Q2: back pain, QS:
peripheral joint pain, Q4: enthesitis, Q5: severity, and Q6: duration
of morning stiffness; range 0-10 each), swollen joint counts in
28 joints (SJC28; range 0-28), tender joint counts in 53 joints
(TJC53; range 0-159, with each joint graded as no tender-
ness = 0; tenderness = 1; tenderness and grimace = 2; tender-
ness, grimace, and withdrawal = 3), enthesitis measured with
the Maastricht Ankylosing Spondylitis Enthesitis Score (MASES;
range 0-39) (9), CRP level in mg/liter, the presence of any extra-
musculoskeletal manifestations (EMM, i.e., cumulative presence
of any of uveitis, psoriasis, or inflammatory bowel disease), the
Bath Ankylosing Spondylitis Metrology Index linear definition
(BASMI linear; range 0-10), Spondyloarthritis Research Consor-
tium of Canada MRI indices for the spine (SPARCC-spine; range
0-414) (10) and for the Sl joints (SPARCC-SI joints; range 0-72)
(11). SPARCC-spine and SPARCC-SI joints were mean scores
of 3 central readers from wave 3 (blinded for chronologic order
and clinical information) (12).

Contextual factors. The patient’s age, sex, and educa-
tional level were the contextual factors tested as potential effect
modifiers or confounders of the relationship between the determi-
nants of PhGA and PhGA measurements. If stratification for age,
sex, or educational level was needed, the population was dichot-
omized by age at baseline (younger or older than the median age
at baseline, 33.3 years), sex (male or female), or educational level
at baseline (university level or not).

Statistical analysis. To investigate the relationship
between the independent variables and PhGA, we used general-
ized estimating equations (GEEs) (13). This method enabled us
to make use of all available data and estimate a population-
averaged parameter, correcting for within-patient correlation of
outcomes at multiple time points. A linear GEE model was used
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Table 1. Factors associated with the physician global assessment over time in sex- and age-stratified groups in univariable analysis*

Female Female Male Male
(younger) (n = 181) (older) (n = 200) (younger) (n = 173) (older) (n = 154)
BASDAI Q1 (fatigue, 0-10) 0.39(0.34, 0.44) 0.39(0.34, 0.44) 0.46 (0.41, 0.51) 0.41 (0.35, 0.46)
BASDAI Q2 (back pain, 0-10) 0.53(0.49, 0.57) 0.49 (0.45, 0.54) 0.58 (0.54, 0.63) 0.48 (0.43, 0.53)
BASDAI Q3 (peripheral joint pain, 0-10) 0.36(0.31,0.41) 0.31(0.27,0.36) 0.43(0.37,0.48) 0.32(0.27,0.37)
BASDAI Q4 (enthesitis, 0-10) 0.42 (0.37,0.46) 0.37(0.33,0.41) 0.52 (0.47,0.56) 0.36(0.31,0.41)
BASDAI Q5 (severity of morning stiffness, 0.45 (0.40, 0.49) 0.42 (0.37,0.46) 0.58 (0.54, 0.63) 0.44 (0.40, 0.49)
0-10)
BASDAI Q6 (duration of morning 0.35(0.30, 0.39) 0.30(0.25, 0.35) 0.50 (0.45, 0.56) 0.36(0.31, 0.41)
stiffness, 0-10)

BASMI linear (0-10) 0.67 (0.48, 0.86) 0.61(0.45,0.78) 0.95(0.75, 1.15) 0.49 (0.30, 0.68)
SJC28 (0-28) 0.52(0.31,0.73) 0.13(0.04,0.22) 1.07 (0.71, 1.43) 0.58 (0.40, 0.76)
TJC53 (0-159)t 0.13(0.11, 0.16) 0.05(0.04, 0.06) 0.15(0.13,0.18) 0.13(0.11,0.16)
MASES (0-39) 0.15(0.12,0.17) 0.10(0.08, 0.12) 0.30(0.25, 0.35) 0.18(0.14, 0.23)
CRP, mg/liter 0.03(0.01, 0.05) 0.02 (0.01, 0.04) 0.04 (0.03, 0.05) 0.06 (0.04, 0.07)
Any EMM (presence vs. absence) -0.20 (-0.58, 0.19) -0.13 (-0.49, 0.23) -0.28 (-0.69, 0.14) -0.26 (-0.68, 0.17)
SPARCC-spine (0-414)f 0.05(-0.11, 0.20) 0.06 (-0.11,0.22) 0.05 (-0.04, 0.14) 0.02 (-0.03, 0.06)

(n = 56) (n=159) (n=57) (n=46)
SPARCC-SI joints (0-72)% 0.01 (-0.08, 0.10) -0.02 (-0.13, 0.09) 0.01 (-0.04, 0.06) 0.05(-0.01,0.11)

(n = 56) (n = 60) (n=57) (n = 46)

* Values are the coefficient (95% confidence interval). Univariable generalized estimating equation models with stratification for sex and age
were used to investigate contributory explanatory effects of each factor on physician global assessment (PhGA). Age and sex were shown to
be effect modifiers of the relationship between swollen joint count in 28 joints (SJC28) and PhGA and therefore analyses were conducted in
Strata. BASDAI questions (Q) 1-6 = individual component questions of the Bath Ankylosing Spondylitis Disease Activity Index; BASMI
linear = linear definition of Bath Ankylosing Spondylitis Mobility Index; CRP = C-reactive protein; EMM = extramusculoskeletal manifestation;
MASES = Maastricht Ankylosing Spondylitis Enthesitis Score; SPARCC-spine/SPARCC-SI joints = Spondyloarthritis Research Consortium of
Canada Magnetic Resonance Imaging indices for the spine/sacroiliac joints; TJC53 = tender joint count in 53 joints.

t Total score of the 53 joints with each joint graded 0-3 (0 = no tenderness, 1 = tenderness, 2 = tenderness + grimace, 3 = tenderness +

grimace + withdrawal).

t Coefficients of SPARCC-spine/SPARCC-SI joints were estimated in a subgroup of patients with magnetic resonance imaging performed at least

once at either 2 years or 5 years.

because the outcome was continuous. An exchangeable correla-
tion matrix was selected because it showed the best fit.

First, we tested interactions between the contextual factors
and the potential explanatory variables of PhGA. If the interaction
term was significant with a predefined criterion of a P value less

1.5

Regression Coefficient

8JC28

|0 Female_Older @ Female_Younger ¢ Male_Older ¢ Male_Younger |

Figure 1. Impact of swollen joint count on the physician global
assessment of disease activity across sex and age groups. Regres-
sion coefficients of the relationship of interest are plotted in an
ascending order, reflecting an increasing impact of the swollen joint
count on 28 joints (SJC28) on the physician global assessment of dis-
ease activity from older females to younger males (stratification
according to median age at baseline, 33.3 years).

than 0.15 (14), analyses were further stratified. Effect modification
was judged based on a clinically relevant difference in the regres-
sion coefficients across the strata. Univariable analysis was cho-
sen to better assess the contributory explanatory effect of each
of the determinants in each of the strata. This method was pre-
ferred to multivariable analysis, in which only the independent
effect of a specific determinant, i.e., independent of confounders,
would be considered. We were rather interested in the overall
effect that a given determinant had on PhGA across different
strata, also to allow proper comparisons across strata.

As relationships found in GEE models can be attributable
both to cross-sectional and longitudinal effects, an autoregressive
GEE modéel (i.e., a model adjusted for the outcome [PhGA] at the
previous time point) was used to investigate whether the determi-
nants had a true longitudinal association with PhGA. We used
only data from yearly assessments (baseline, 12, 24, 36, 48, and
60 months), so that the intervals between the time points were
similar. Contextual factors that proved not to be effect-modifiers
were tested as confounders. If the addition of the contextual fac-
tor to a univariable GEE model made a relevant difference in the
regression coefficient, it was deemed a confounder.

As MRI was repeated only in the patients from the centers
in Paris, univariable GEE analyses with the MRI scores as
potential explanatory variables could only be conducted in a
subgroup of patients. A sensitivity analysis, similar to the main
analysis, was conducted in patients fulfilling the Assessment
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Table 2. Factors longitudinally associated with the change of physician global assessment from previous time points in sex- and age-stratified

groups in univariable analysis*

Female Female Male Male
(younger) (n = 181) (older) (n = 200) (younger) (n = 173) (older) (n = 154)
BASDAI Q1 (fatigue, 0-10) 0.39(0.33,0.45) 0.37(0.31,0.43) 0.37(0.31, 0.44) 0.34(0.27,0.41)
BASDAI Q2 (back pain, 0-10) 0.53(0.47,0.58) 0.48 (0.42, 0.54) 0.55(0.49, 0.60) 0.41 (0.35,0.47)
BASDAI Q3 (peripheral joint pain, 0-10) 0.41 (0.35, 0.48) 0.33(0.27,0.38) 0.41 (0.34, 0.48) 0.27(0.20, 0.33)
BASDAI Q4 (enthesitis, 0-10) 0.42 (0.37,0.48) 0.37(0.31,0.42) 0.47(0.41, 0.54) 0.34(0.27, 0.40)
BASDAI Q5 (severity of morning stiffness, 0.45(0.39,0.51) 0.38(0.32,0.44) 0.55(0.49, 0.61) 0.38(0.32,0.44)
0-10)
BASDAI Q6 (duration of morning 0.34(0.28, 0.40) 0.29(0.23,0.35) 0.45(0.37,0.52) 0.29(0.22,0.35)
stiffness, 0-10)

BASMI linear (0-10) 0.65(0.42, 0.88) 0.54(0.35,0.72) 0.62 (0.40, 0.85) 0.34(0.11, 0.56)
SJC28 (0-28) 0.73(0.36, 1.10) 0.10 (-0.00, 0.21) 1.33(0.73, 1.93) 0.61(0.30,0.92)
TJC53 (0-159)T 0.15(0.11, 0.18) 0.05(0.03, 0.06) 0.14(0.11,0.17) 0.13(0.09,0.17)
MASES (0-39) 0.13(0.10, 0.16) 0.10(0.07,0.12) 0.25(0.20, 0.31) 0.18(0.13,0.23)
CRP, mg/liter 0.02 (0.00, 0.04) 0.03(0.01, 0.05) 0.02 (0.00, 0.03) 0.04 (0.02,0.07)
Any EMM (presence vs. absence) 0.04 (-0.35, 0.44) 0.32 (-0.03, 0.68) -0.26 (-0.63,0.11) -0.23(-0.71, 0.24)
SPARCC-spine (0-414)t -0.11(-0.28, 0.06) 0.03(-0.13,0.19) 0.08 (-0.02,0.17) -0.07 (-0.14, 0.00)

(n =50) (n =58) (n=152) (n = 46)
SPARCC-SI joints (0-72)% -0.01 (-0.13, 0.10) 0.12 (-0.01, 0.26) 0.02 (-0.05, 0.08) 0.01 (-0.08, 0.10)

(n = 50) (n = 58) (n=>52) (n = 46)

* Values are the coefficient (95% confidence interval). Univariable autoregressive generalized estimating equation models (i.e., models
adjusted for physician global assessment [PhGA] at the previous time point using data at 0, 12, 24, 36, 48, and 60 months) with stratification
for sex and age were used to investigate longitudinal contributory effects of each factor on PhGA. Age and sex were shown to be effect modi-
fiers of the relationship between swollen joint count in 28 joints (SJC28) and PhGA and therefore analyses were conducted in Strata. BASDAI
questions (Q) 1-6 = individual component questions of the Bath Ankylosing Spondylitis Disease Activity Index; BASMI linear = linear definition
of Bath Ankylosing Spondylitis Mobility Index; CRP = C-reactive protein; EMM = extramusculoskeletal manifestation; MASES = Maastricht Anky-
losing Spondylitis Enthesitis Score; SPARCC-spine/SPARCC-SI joints = Spondyloarthritis Research Consortium of Canada Magnetic Resonance
Imaging indices for the spine/sacroiliac joints; TJC53 = tender joint count in 53 joints.

t Total score of the 53 joints with each joint graded 0-3 (0 = no tenderness, 1 = tenderness, 2 = tenderness + grimace, 3 = tenderness +

grimace + withdrawal).

t Coefficients of SPARCC-spine/SPARCC-SI joints were estimated in a subgroup of patients with magnetic resonance imaging performed at least

once at either 2 years or 5 years.

of SpondyloArthritis international Society (ASAS) classification
criteria for axial SpA. P values less than 0.05 were considered
significant unless specified otherwise. All statistical analyses
were conducted using Stata software, version 14.

RESULTS

A total of 708 patients were the subjects of the analyses. The
subgroup of patients with repeated MRI consisted of 220 patients.
Baseline characteristics of the total study population and the sub-
group are shown in Supplementary Table 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24465/abstract. No important differences
were found between the groups.

Higher scores of the BASDAI individual questions on fatigue
(Q1), back pain (Q2), peripheral joint pain (Q3), enthesitis (Q4),
severity and duration of morning stiffness (Q5 and Q6), SJC28,
TJC53, MASES, CRP level, and BASMI linear were all associated
with a higher PhGA (Table 1). Neither the presence of EMM nor
inflamsnmation captured on MRI had a contributory effect on PhGA.
Sex and age were found to be effect modifiers of the relationship
between SJC28 and PhGA; the contributory effect of SJC28
was largest in the younger male stratum, moderate in the younger
female and the older male strata, and the smallest in the older

female stratum (Table 1 and Figure 1). Sensitivity analyses in
patients fulfiling the ASAS classification criteria retrieved similar
results except for the lack of effect modification by age in female
patients. The baseline characteristics of the age- and sex-
stratified groups are shown in Supplementary Table 2, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24465/abstract. Patients in the youn-
ger male stratum showed numerically more positivity for HLA-
B27, higher modified New York grading, higher SPARCC-spine,
and higher CRP level than the other strata. SPARCC-spine score
was higher in male patients than in female patients.

Autoregressive GEE models yielded the same determinants
as being longitudinally associated. A similar pattern of effect mod-
ification on SJC28 by sex and age (Table 2) was found. In other
words, the determinants of PhGA (absolute value) are also associ-
ated with a change in PhGA over time.

DISCUSSION

In this study we have shown that patients’ subjective symp-
toms, peripheral arthritis and enthesitis, higher CRP level, and
impaired spinal mobility contribute to explaining PhGA in patients
with early axial SpA, irrespective of sex and age. Interestingly,
age and sex modify the impact of swollen joints on PhGA;


https://doi.org/10.1002/acr.24465/abstract
https://doi.org/10.1002/acr.24465/abstract
https://doi.org/10.1002/acr.24465/abstract
https://doi.org/10.1002/acr.24465/abstract

272

HIRANO ET AL

rheumatologists consider the presence of swollen joints as more
important for the overall assessment of disease activity in male
patients than in female patients, and more important in younger
patients than in older patients.

Sex differences have been reported in outcomes of patients
with axial SpA: male sex is associated with more progression of
spinal structural damage in radiographic axial SpA (15). At the
same time, a higher prevalence of fibromyalgia has been reported
in female patients than in male patients with axial SpA (16), and a
higher level of fatigue was observed in female patients in DESIR
(17). In our particular cohort, male patients had higher CRP levels
and more structural damage in the Sl joints at baseline than the
female patients. As a result, physicians may have related these
characteristics to a higher risk of further progression. However,
this explanation does not account for the fact that the different
impact on PhGA across sex and age groups was only present
for swollen joints. As we chose to use univariable analyses to
properly compare the effect of each determinant across the differ-
ent strata, rather than to investigate the independent effects, a
higher SJC was possibly associated with other determinants in
male patients compared to female patients and thus have a higher
effect on PhGA; however, adjusted analyses, e.g., for CRP level,
did not show this (results not shown). Or perhaps swollen joints
are a finding that is likely to be attributed to other causes than dis-
ease activity in older and female patients. This different impact of
the SJC across sex and age has not been previously reported.
Physicians should become aware of this different impact, as it
may represent a source of inequity for patients, especially if it influ-
ences therapeutic choices.

With regard to the determinants of PhGA, the individual BAS-
DAl questions could be expected to contribute to PhGA, because
these questions are, by definition, relevant items chosen for the
assessment of disease activity. Likewise, the physicians reason-
ably took the findings of peripheral joints and entheses as a repre-
sentation of the peripheral involvement and CRP level as a marker
of inflammation. Spinal mobility was also a determinant of PhGA
over time. Physicians probably relied on spinal mobility due to
the lack of clinical objective findings reflecting spinal inflammation
well. Also, this may be based on the knowledge that spinal mobil-
ity impairment is caused by inflammation as well as irreversible
structural damage (18). However, by taking spinal mobility into
account, physicians may be falsely reflecting structural damage
on disease activity. Nevertheless, given the fact that DESIR is a
cohort of early axial SpA with low levels of structural damage, this
impact will be low in these patients (19).

The previous study that reported determinants of PhGA in
radiographic axial SpA identified, through factor analysis, 4 latent
factors of PhGA, which were labeled as “patient assessment,”
“mobility and function,” “physician assessment,” and “lab.” Based
on the individual items, these factors can be interpreted as “the
patient’s subjective symptoms,” “spinal mobility and physical
function,” “peripheral arthritis,” and “acute phase reactants” (4).

Our results are similar except that we chose not to include physical
function in the analyses as a potential explanatory variable,
because it is usually considered a remote and indirect conse-
quence of disease activity. Another previous study investigating
PhGA as an outcome was from DESIR (5). This analysis focused
on the discordance between patient global assessment and PhGA
over time and the factors of the discordance and did not investigate
the determinants of PhGA.

Our study has some limitations. First, whether the physician
assessed PhGA while aware of the MRI findings for each patient
is not clear. At least the physicians could not be aware of the
MRI scores by the central readers at the time of assessment, as
the scoring sessions only took place later. Therefore, a possible
interpretation for the lack of impact of the MRI scores on PhGA
is that the physicians did not have access to the MRI findings
when making their judgment on the disease activity, because
MRIs were usually made after the visit to the rheumatologist. Nev-
ertheless, physicians possibly rate the findings of MRI as less
important for their impression of the patient’s disease than we
may have thought. Likewise, in some centers, CRP levels were
not available at the time of assessment. This absence may have
led to a possible underestimation of the impact of CRP level. As
a second limitation, we used a summary variable of the cumulative
presence for EMM. This variable did not necessarily represent the
presence of EMM at the time of assessment and using this sum-
mary variable may be the reason why the presence of EMM was
not contributing to PhGA.

In conclusion, patients’ subjective symptoms, peripheral
arthritis and enthesitis, higher CRP level, and impaired spinal mobil-
ity contribute to explain PhGA in patients with early axial SpA irre-
spective of sex and age. However, physicians consider the
presence of swollen joints as more important in males than in
females.
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Objective. Studies suggest an association between elevated total serum cholesterol, particularly low-density lipo-
protein (LDL), and osteoarthritis (OA). The present study was undertaken to evaluate the association between total cho-
lesterol, LDL, and high-density lipoprotein (HDL) and risk of knee OA.

Methods. We studied participants from the Multicenter Osteoarthritis study (MOST) cohort at risk of developing
knee OA. From baseline through 7 years, repeated knee radiographs and magnetic resonance images (MRIs) were
obtained, and knee symptoms were queried. From baseline fasting blood samples, lipids and lipoproteins were ana-
lyzed using standard assays. After excluding participants with baseline OA, we defined 2 sets of patients: those devel-
oping radiographic OA, and those developing symptomatic OA (knee pain and radiographic OA). Controls did not
develop these outcomes. Additionally, we examined worsening of cartilage loss and synovitis on MRI and of knee pain
using the Western Ontario and McMaster Universities Osteoarthritis Index scale. We carried out logistic regression
adjusting for age, sex, body mass index, education, baseline pain, and depressive symptoms, testing total cholesterol
and lipoproteins as continuous measures, and we performed sensitivity analyses examining whether commonly used
thresholds for high cholesterol, LDL, or low HDL increased risk.

Results. We studied 337 patients with incident symptomatic OA and 283 patients with incident radiographic
OA. The mean age at baseline was 62 years (55% women). Neither total cholesterol, LDL, nor HDL showed a significant
association with radiographic or symptomatic OA. Additionally, we found no association of these lipid measures with
cartilage loss, worsening synovitis, or worsening knee pain.

Conclusion. Our data do not support an association between total cholesterol, LDL, or HDL with OA outcomes.

INTRODUCTION

Osteoarthritis (OA) is the most common form of arthritis and is
aleading cause of disability in the US (1). Its prevalence is estimated
at ~30 million in the US and 240 million worldwide, with increasing
disease burden attributed to the obesity epidemic and an aging
population (1,2). Current treatment focuses on management of
pain and improvement of function. Thus far, therapies aimed at
delaying structural deterioration of the joint have been unsuccessful
in both modifying the course of the disease and reducing pain.
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OA has been viewed traditionally as a disease caused by
excessive mechanical loading, e.g., wear and tear, leading to
degeneration of articular cartilage over time. Over the past
decade, the understanding of processes underlying the pathol-
ogy of OA have increasingly included, in addition to loading, a
model of synovial inflammation driven by a complex interplay of
cytokines, metalloproteinases, and reactive oxygen species caus-
ing cartilage degeneration and bone loss (2). Studies evaluating
OA have identified a link between obesity and OA of hand joints
(8-5), suggesting that OA could be caused, in part, by factors
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SIGNIFICANCE & INNOVATIONS

* Recent data have suggested an association
between elevated serum cholesterol levels, particu-
larly low-density lipoprotein (LDL), and the develop-
ment of osteoarthritis (OA); however, there is a
paucity of literature directly evaluating the relation-
ship between serum lipid and lipoprotein concen-
trations and incident OA.

+ This is the first study to comprehensively and longi-
tudinally determine whether circulating total cho-
lesterol, LDL, and high-density lipoprotein are
associated with the risk of developing radiographic
and symptomatic knee OA.

unrelated to mechanical load. These findings support current
research focusing on the hypothesis that OA is not only a local-
ized joint disease, but an inflammatory disease involving both
metabolic and mechanical factors.

Several experimental studies have suggested an association
between lipid levels and the development of OA. Proposed mech-
anisms by which this may occur include antiinflammatory effects
of elevated serum high-density lipoprotein (HDL) and proinflam-
matory effects of elevated serum low-density lipoprotein (LDL)
and oxidized LDL. De Munter et al showed that mice that were
fed a cholesterol-rich diet had LDL accumulation in synovial cells,
synovitis, and increased ectopic bone formation; the authors pro-
posed a mechanism by which increased levels of oxidized LDL
activate synovial macrophages, fibroblasts, and endothelial cells,
leading to local inflamsmation, cartilage loss, and ectopic bone for-
mation (5-7).

Busso et al showed that plasma total cholesterol, HDL, and
LDL were highly correlated with synovial fluid levels of these lipo-
proteins, suggesting that circulating serum lipids are able to freely
move into the joint, further strengthening the hypothesis that
altered lipid levels in the blood may have a direct effect on joint
homeostasis (8).

Given the experimental evidence supporting an association
between dyslipidemias and the development of OA, several
authors have attempted to evaluate this relationship through
observational studies. However, these studies have reported
mixed results, highlighting the need for further research in this
area (9,10). Few of these reports have focused on serum HDL
and LDL concentrations, and to our knowledge, only 3 studies
reported longitudinal data. In one longitudinal study, results sug-
gested a decreased risk of hand OA with higher levels of HDL,
but the sample size was small and confidence intervals wide.
The other studies were not about painful OA per se but focused
on magnetic resonance imaging (MRI) bone marrow lesions
(BMLs) and their relation to lipids (11,12). While these data serve
as a starting point in understanding the role that plasma lipids
may play in the development of OA, there exists a paucity of

literature directly evaluating the relationship between serum lipid
and lipoprotein concentrations and incident OA, particularly inci-
dence of disease in the knee, the site of most disabling OA.
Using longitudinal data from the Multicenter Osteoarthritis
study (MOST) cohort, the goal of this study was to comprehen-
sively and longitudinally determine whether circulating total cho-
lesterol, LDL, and HDL were associated with the risk of
radiographic and symptomatic knee OA in the MOST cohort.

PATIENTS AND METHODS

Study sample. MOST is a large NIH-funded longitudinal
observational study focused on symptomatic and radiographic
knee OA in a cohort of community-dwelling older adults with or
at high risk for knee OA (13). The study enrolled 3,026 participants
ages 50-79 years from 2003-2006 at 2 clinical sites (lowa City,
lowa, and Birmingham, Alabama). Information on participants’
demographic, medical, and lifestyle characteristics, as well as
imaging results, were collected at baseline. Participants were fol-
lowed with repeated examinations at 30, 60, and 84 months.

Weight-bearing, semiflexed posteroanterior and lateral views
of the knees were obtained at baseline and at each examination
according to the MOST radiograph protocol (14). Two readers
interpreted and graded all radiographs according to Kellgren/
Lawrence (K/L) grade, and if they disagreed, readings were adju-
dicated by a panel of 3 readers (15). MRIs of the knee were
acquired at each visit using an OrthOne 1.0T magnet (ONI) and
a circumferential extremity coil. All images were acquired without
contrast. As in previous work (16), we read 1 randomly selected
knee MRI per person. This was done for budgetary reasons and
because of the high rate of symmetry in knee MRIs. The MRIs
were read by 2 experienced musculoskeletal radiologists using
the Whole-Organ MRI Score (WORMS) (17). Synovitis and carti-
lage morphology were scored in MRIs at baseline, 30, and
60 months. There was good interobserver agreement for each
of the features reported (18). At each examination, participants
completed the Western Ontario and McMaster Universities Oste-
oarthritis Index (WOMAC) questionnaire, reporting on the amount
of pain experienced during activities in each knee.

Anthropometric measurements (body mass index
[BMI]). Weight was measured to the nearest 0.1 kg on a stan-
dard medical balance beam scale, and height was measured on
full inspiration to the nearest 1 mm with a wall-mounted Harpen-
den stadiometer by certified MOST personnel following a written
protocol. BMI was calculated as weight in kilograms divided by
the height in meters squared.

Assessment of OA structure and pain symptoms. \We
defined 2 primary knee outcomes: incident radiographic OA and
incident symptomatic OA, both up to 7 years after baseline, and
created 2 separate nested case—control studies. In the first of
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these, the outcome was incident radiographic knee OA among
the subset of participants who had no radiographic OA in either
knee (both knees with K/L grade <2) at baseline. Those partici-
pants who developed either radiographic knee OA (K/L grade >2)
or had a knee arthroplasty in either knee by follow-up were
defined as having incident radiographic knee OA. In the second
case—control study, we focused on symptomatic OA. It was
defined in a person when they had the combination of frequent
knee pain (answering yes to the question, “Do you have pain,
aching or stiffness in either knee on most days?”) and had con-
current radiographic OA in that knee. Individuals with symptom-
atic OA at baseline in either knee were excluded from both
case—control studies, and for each of these studies, we followed
participants for 7 years to identify incident cases. For each of
these case groups, we used risk set sampling to select controls
randomly from eligible participants at baseline who did not
become cases during follow-up. One risk set took 30-month
follow-up and randomly selected controls who were not cases,
then, a second set of cases at 60 months and a third set of cases
at 84 months. For incident radiographic OA, we selected 1 control
per case. To increase the likelihood that we would detect an asso-
ciation for the clinically important outcome of symptomatic OA,
we selected 2 controls per case.

To further investigate potential associations of lipid and lipo-
protein levels with outcomes, we assessed several secondary
outcomes, including cartilage loss and change in synovitis based
on MRl readings (17). These analyses were performed in the com-
bined sample of all cases and controls. Within each of 14 subre-
gions in each knee, cartilage morphology was scored 0-6 using
the WORMS scale (17). We defined worsening cartilage morphol-
ogy by analyzing each subregion and characterizing each as
worsening when the score increased by 1 point. Subregions with
baseline scores of 6 were excluded. Second, we examined
change in synovitis. Each region (infrapatellar, intercondylar, and
suprapatellar) was scored 0-3 based on volume at each time
point, and the scores were then summed (0-9). We defined wors-
ening synovitis as an increase in the summed score of >1, exclud-
ing knees with synovitis scores of 9 at baseline (19). We assessed

Table 1.

1 knee pain outcome (change in WOMAC pain) and calculated
changes in pain as the difference of WOMAGC pain score from
baseline to the end of follow-up in each knee.

Lipid and lipoprotein profile. Blood draws were per-
formed at the time of the baseline visit following an overnight fast.
Blood samples were allowed to clot at room temperature for
30 minutes, and serum was separated by centrifugation at
1,500 gm at 4°C for 20 minutes. Aliquots were stored at -800°C
in the MOST repository. For the determination of lipid profiles,
matched case—control samples (n = 994) were shipped overnight
on dry ice to the Cardiovascular Nutrition Laboratory at the Jean
Mayer United States Department of Agriculture Human Nutrition
Research Center of Aging at Tufts University. Serum total choles-
terol and HDL concentrations were measured on an AU400e
automated analyzer (Beckman Coulter) (intraassay coefficient of
variation [CV] <3%; interassay CV <4%) using enzymatic reagents
(Beckman Coulter). LDL concentration was calculated using the
Friedewald equation (20) except when triglycerides were above
400 mg/dl. For those samples, a direct LDL method was used
(AU400e automated analyzer, Beckman Coulter) (intraassay CV
<2.4%; interassay CV <3.6%).

Potential confounders. As indicated for each analysis,
the data were adjusted for participants’ demographic, lifestyle,
and medical history reported on the baseline questionnaire, age,
sex (men, women), education (college or above; yes versus no),
physical activity (Physical Activity Scale for the Elderly; continu-
ous), smoking (never, past, current), BMI (kg/m?; continuous),
and statin use (yes/no). We used an indicator variable to adjust
for race (White versus non-White) and clinic site. For all pain out-
comes, we included depressive symptom score (Center for Epi-
demiologic Studies Depression scale score >16; yes versus no
as a covariate). For knee pain analyses, we adjusted for baseline
WOMAC pain score (continuous).

Statistical analyses. Our analytic sample consisted of
MOST participants who were either selected as cases or controls

Description of study participants according to case—control study”

Incident radiographic OA

Incident symptomatic OA

Cases Controls Cases Controls

Characteristic (n = 285) (n=329) (n=338) (n = 560)
Age, years 60.8 + 8.0 509+ 75 62.4 + 8.1 61.1+78
Female, % 62 59 63 57
BMI, kg/m? 30.5+£53 287 £4.5 309 +£5.6 293+ 48
Some college education, % 79 77 74 78
Cholesterol 229 +£438 230 +£51.2 225+ 471 229 £ 489
LDL 136 4+ 38.6 138 £429 133 £ 382 138 £4.03
HDL 62 +16.8 62 +16.7 62+ 17.1 62+ 16.5
Statin use, % 22 23 27 24

* Values are the mean + SD unless indicated otherwise. BMI = body mass index; HDL = high-density lipopro-

tein; LDL = low-density lipoprotein; OA = osteoarthritis.
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Table 2. Association of cholesterol, low-density lipoprotein (LDL), and high-density lipoprotein (HDL) with inci-
dent knee osteoarthritis (OA) according to results of logistic regression analyses*

Mean (mg/dl) OR,q; 95% C|

(per SD) P

Cases  Controls

Incident knee radiographic OA (cases/controls = 283/329)

Total cholesterol
LDL
HDL

Incident symptomatic knee OA (cases/controls = 336/559)

Total cholesterol
LDL
HDL

229 229 1.00(0.88-1.14)  0.97
136 138 0.98(0.87-1.12)  0.80
62 61 1.11(0.96-1.29) 0.16
224 229 0.91(0.80-1.03) 0.12
132 137 0.89(0.79-1.01)  0.06
62 61 1.09(0.95-1.24) 0.24

* Logistic regressions adjusted for the following covariates: age, sex, body mass index, educational attainment,
race, clinic site, and Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain out-
come score; adjusted also for baseline WOMAC pain score and depressive symptoms (yes/no). 95%
Cl = 95% confidence interval; OR,q; = adjusted odds ratio.

in 1 of our case—control studies (incident radiographic OA or inci-
dent symptomatic OA) and who had an archived baseline fasting
serum sample. They had to be followed until at least the second
MOST examination at 30 months.

Our analyses looked at the range of lipids on OA outcomes,
testing each on a continuous basis and examining risk per SD
increase. To avoid missing potential associations between total
cholesterol, LDL, or HDL on OA outcomes, we tested commonly
used thresholds for high total cholesterol (>200 mg/dl), high LDL
(=130 mg/dl), and low HDL (<60 mg/dl).

Analyses of radiographic OA and incident symptomatic OA
were at the level of the person. For each case-control study, we
used logistic regression to analyze the association of the lipid or
lipoprotein level at baseline with the OA outcome. The dependent
variable for each of these analyses was cumulative incidence of
the OA outcome over 7 years. For analyses of MRI findings and
of WOMAC pain, we combined data from all cases and controls
from the primary case—control studies, creating 1 large sample.
Analyses of MRI findings and of WOMAC pain were at the level
of the knee or knee subregion for cartilage loss; to adjust for the
correlation between knees (or subregions of knees), we per-
formed generalized estimating equations.

We carried out several sensitivity analyses. First, because of
concerns that baseline levels of lipids and lipoproteins might not
accurately reflect levels up to 7 years later, we carried out analy-
ses limiting incidence to 5 years. Second, some incident OA is

caused by injury, which would tend to cause unilateral disease.
We wanted to focus on those with systemic factors affecting dis-
ease; so, in another sensitivity analysis, we defined cases as
those who during follow-up developed incidence in both knees,
either contemporaneously (e.g., both at 30 months) or sequen-
tially (e.g., 1 knee at 30 months, the other at 60 months). In addi-
tion, we examined quartiles of cholesterol, HDL, and LDL to see if
high (or low) levels affected risk of disease. Last, we added vis-
ceral adiposity (21) as a covariate in our analysis to see if the rela-
tionships of lipids with OA outcomes were altered. Analyses were
carried out using SAS, version 9.4.

Institutional review board approvals were obtained from
the University of California, San Francisco, Boston University,
the University of Alabama at Birmingham, and the University of
lowa. All participants provided written consent for study
participation.

RESULTS

Mean age at baseline was 62 years, 55% of participants
were women, and >20% received statins (see Table 1 for a
description of the study participants), with 614 participants in the
case—control study of radiographic OA and 898 in the study of
symptomatic OA. There were no associations of incident radio-
graphic OA and incident symptomatic OA with total cholesterol,
LDL, and HDL cholesterol levels (Table 2).

Table 3. Associations of cholesterol, high-density lipoprotein (HDL), and low-density lipoprotein (LDL) levels
with change in worsening synovitis or pain and with cartilage loss*

Worsening synovitis

WOMAC worsening

Cartilage loss

(218 of 711) (300 of 1,654) (4,268 of 10,297)
ORag; (95% CI) P ORag; (95% ClI) P ORag; (95% Cl) P
Total cholesterol 1.03(0.70-1.52) 0.87 1.02 (0.88-1.20) 0.78 1.02 (0.96-1.10) 0.47
HDL 0.98 (0.81-1.18) 0.81 0.97 (0.83-1.14) 0.73 1.09 (1.02-1.17) 0.02
LDL 0.97(0.80-1.18) 0.77 1.03(0.88-1.21) 0.69 1.02 (0.95-1.09) 0.64

* Logistic regressions adjusted for the following covariates: age, sex, body mass index, educational attain-
ment, race, clinic site, and for Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain
outcome; adjusted also for baseline WOMAC pain score and depressive symptoms (yes/no). 95% Cl = 95%

confidence interval; OR,q; = adjusted odds ratio.
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Figure 1. Association of high levels of cholesterol (chol) and low-
density lipoprotein (LDL) and low levels of high-density lipoprotein
(HDL) with incident osteoarthritis (OA) outcomes for radiographic
knee OA (circles) and symptomatic knee OA (squares). 95%
Cl = 95% confidence interval; OR = odds ratio.

We also found no association of total cholesterol, LDL, and
HDL with cartilage loss, worsening synovitis or worsening knee
pain (Table 3). Last, we examined whether individuals with high
total cholesterol and LDL or low HDL had an increased risk of
OA and found no suggestive associations (Figure 1).

In sensitivity analyses, we found no associations of choles-
terol, LDL, or HDL with incident OA if we limited incidence to the
first 5 years after baseline, and we also found no association with
lipids or lipoproteins when we restricted cases to those who
developed bilateral disease. In analyses examining quartiles of
cholesterol, HDL, and LDL, we similarly found no associations
with incident radiographic or symptomatic OA. Last, adjusting
for visceral adiposity in our main analyses (Table 2) did not affect
results of these analyses (data not shown).

DISCUSSION

In this longitudinal nested case—control study, we examined
the relationship between lipid and lipoprotein levels and OA within
the MOST cohort. Although there is a growing body of experi-
mental and epidemiologic evidence that suggest an association
between elevated serum total cholesterol and LDL and low HDL
with the development of OA, our data did not support such an
association. We also did not find an association between serum
lipid and lipoprotein levels with cartilage loss, worsening synovitis,
or worsening knee pain.

Advances in the understanding of the pathogenesis of OA
indicate that it involves not only wear and tear related to age and
mechanical loading, but also synovial inflammation. This knowl-
edge has led to a growing body of research evaluating the mech-
anisms by which metabolic factors that affect inflammation may
contribute to OA. Several experimental studies evaluating the
relationship of dyslipidemia and OA suggest that alterations in
lipids play a role in the development of OA. De Munter et al
showed that in mice with increased levels of LDL via cholesterol-
rich diet or apolipoprotein E deficiency, there was increased
synovial thickening and ectopic bone formation (6,7). Additionally,
Triantaphyllidou et al (22) showed that mice with low HDL levels
and high LDL levels (based on a lecithin-cholesterol acyltransfer-
ase knockout and apolipoprotein A-I knockout) that were placed
on a Western diet developed OA in their joints, whereas control
mice did not. In these mice, the Western diet activated enzymes
that break down cartilage (5). Busso et al showed that total cho-
lesterol, LDL, and HDL levels were all similar in plasma and syno-
vial fluid, suggesting easy transit between compartments (23).

Another factor that has been implicated in leading to OA is
oxidative stress and reactive oxygen species within the joint, par-
ticularly oxidized LDL. The complex mechanisms by which oxida-
tive stress contribute to the pathogenesis of OA were recently
reviewed by Lepetsos and Papavassiliou (24) and include overpro-
duction of reactive oxygen species within chondrocytes leading
to increased chondrocyte apoptosis and synovial inflammation,
cartilage degradation, and subchondral bone dysfunction (24-27).
Oxidized LDL, a lipid peroxidation product produced mainly by
reactive oxygen species, has been shown to play a role in the path-
ogenesis of OA. Shen et al found increased levels of oxidized LDL
in the synovial fluid as well as increased lectin-like oxidized LDL
receptor 1 expression in the cartilage of OA patients in comparison
to controls (28). Erturk et al investigated the relationship of paraox-
onase 1 (PON-1), an enzyme that protects LDL and HDL from oxi-
dative damage, with oxidized LDL and oxidative stress in OA (29).
They found increased levels of oxidized LDL, higher markers of oxi-
dative stress, and significantly lower levels of PON-1 in the sera of
participants with OA in comparison to controls. There was also a
correlation between serum oxidized LDL and knee OA grade utiliz-
ing the K/L scoring system and pain via WOMAC score.

The results of these experimental studies suggest that ele-
vated levels of lipids and/or lipoproteins are major contributors to
the pathogenesis of OA. Despite this strong experimental evi-
dence, this study showed a null association with incident symp-
tomatic and radiographic knee OA and elevated serum LDL
levels.

Although there have been cross-sectional studies reporting
possible associations between lipid levels and OA as recently
evaluated in the systematic review and meta-analysis by Baudart
et al (10), caution must be used when drawing conclusions
regarding causation based on the results of cross-sectional
studies.
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To date, only 3 longitudinal studies have specifically
assessed the relationship between certain features of OA (carti-
lage loss) and lipid and lipoprotein profiles. The results have been
mixed. Garcia-Gil et al evaluated whether serum lipid levels were
associated with incident radiographic hand OA in 277 participants
without OA at baseline (9). Hand radiographs were repeated
11 years after baseline. No statistically significant associations
between serum lipids and radiographic hand OA were observed,
but a trend toward high HDL levels being associated with a lower
risk of hand OA was reported. Additionally, the patient population
included only women who were younger (mean age 50 years)
with lower levels of obesity than the average US population.

Davies-Tuck et al evaluated 148 female participants without
a history of OA for the development of BMLs of the knee; the
authors obtained baseline lipids and followed up with knee MRI
2 years later (11). Results showed an association between BML
incidence and higher total cholesterol levels, but no association
with LDL or HDL. They did not find an association between pres-
ence of BMLs at baseline with any lipid parameter, nor with
change in cartilage volume over 2 years. This study’s results were
at odds with a longitudinal study published 3 years later by Dore
et al, who evaluated the development of BMLs of the knee in
394 male and female participants (12). Baseline lipids and knee
MRI findings were evaluated, and BMLs were assessed by MRI
2.7 years later. They found no significant cross-sectional or longi-
tudinal association between total cholesterol and BMLs, but they
did report an inverse association of BML change and HDL.

In this study, we did not find any significant associations
between incident symptomatic knee OA and lipid levels. It is
unlikely that this null association was attributable to sample size,
as our confidence bounds were narrow. For example, increasing
levels of LDL were associated with a modest reduction in risk
of OA, but the upper border of that confidence bound stretched
only to 1.12, consistent with a 12% increase in the odds of
disease.

If an association does exist, there may be other factors that
have not yet been identified contributing to the correlation
between lipids and OA. Among these other factors may be meta-
bolic syndrome and a component of it, visceral adiposity. A recent
review has strongly suggested that metabolic syndrome is not
associated with knee OA, especially after adjustment for BMI
(80). We carried out additional analyses testing visceral adiposity
as a confounder, and it did not affect the associations that we
report, suggesting it does not account for a spurious null associa-
tion. Despite the strong evidence that lipids enter the joint freely
and intraarticular oxidized LDL leads to joint damage, perhaps
another mechanism exists within the joint that disturbs this rela-
tionship, making measured serum lipids unrelated to intraarticular
oxidized LDL. Last, although our data showed a small protective
association of elevated total cholesterol and elevated LDL on
symptomatic OA, this was not statistically significant and was
likely due to chance.

This study has several strengths. This is one of the few stud-
ies evaluating the temporal relationship between serum lipid levels
and incident knee OA using a longitudinal design. We evaluated
participants using indices that account for both symptoms (pain)
and radiographic changes, whereas previous longitudinal studies
have assessed only radiographic changes; therefore, we are able
to identify participants who meet American College of Rheumatol-
ogy criteria for knee OA, which includes the presence of pain (31).
The nested case—control design of this study reduces selection
bias because cases and controls are selected from the same
population. Finally, we tested cholesterol as both a continuous
measure and did sensitivity analyses examining whether com-
monly used lipid thresholds increased risk, thereby evaluating
the data from several angles to ensure robustness.

One limitation of this study is that participants within the
MOST cohort are primarily older, White Americans, and therefore
our results may not be generalizable to a more diverse population.
Additionally, we focused on incident knee OA, and it is possible
that the metabolic factors affecting non—weight bearing joints
such as the hand may differ from those affecting large, weight-
bearing joints such as the knee. Also, our analyses of secondary
outcomes such as cartilage loss may be affected by selection bias
in that these outcomes were correlated with case status. While
we adjusted in analyses for statin use at baseline, statin use may
take decades to influence the occurrence of OA, and we did not
know the duration of statin use in our participants. Further, we
did not examine the effect of other lipid-lowering agents that were
rarely used by MOST participants. Finally, lipid levels were taken
at a single point in time, and therefore, we cannot rule out whether
additional factors such as lifestyle modifications affected the lipid
levels later, thus modifying OA risk.

In conclusion, we did not find an association between total
cholesterol, LDL, or HDL levels with incident OA or other OA out-
comes. While LDL may have local deleterious effects on joint
structure, elevated systemic levels probably do not confer risk of
disease.
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Qualitative Exploration of Dyadic Influence on Physical
Activity Between Latina Patients With Osteoarthritis and a
Supporter of Their Physical Activity

Sandra H. Soto," ¥ Diane C. Berry,” and Leigh F. Callahan’

Objective. Research indicates that social support may promote physical activity; however, most Latina individuals
with osteoarthritis (OA) are not sufficiently active. The purpose of this qualitative dyadic study was to explore how
Latina patients with OA and a self-selected physical activity “supporter” motivate each other to be more active. Fur-
thermore, perceptions of how OA symptoms impact support and physical activity were examined.

Methods. Semistructured dyadic interviews were conducted with Latina patients with OA and a member of their
social network age >16 years who supports their physical activity (n = 14 dyads). We used framework analysis to
reduce qualitative data to themes and subthemes.

Results. Daughters (n = 5), spouses (n = 4), sons (n = 2), a granddaughter (n = 1), a nephew (n = 1), and a friend
(n = 1) provided support for the target behavior. In many cases, members of dyads said the motivation to engage in
physical activity was reciprocated rather than focused solely on Latina patients with OA. Support was often recipro-
cated by engaging in physical activity together, using pressure, talking about being active, modeling physical activ-
ity, and helping with household responsibilities. Although participants agreed that physical activity was beneficial
and Latina patients desired additional support when experiencing OA symptoms, there was concern about the safety
of activity in the presence of symptoms. Several adult daughters indicated that their mothers’ OA symptoms moti-
vated their own physical activity.

Conclusion. Dyadic strategies for promoting physical activity among Latina patients with OA and how support may

be reciprocated were identified.
INTRODUCTION

More than 1 in 5 Latino adults in the US has osteoarthritis
(OA) (1). Latino individuals with arthritis have higher odds of
severe joint pain (1.9 times higher), functional limitations
(1.3 times higher), and work limitations (1.6 times higher)
than non-Latino White patients (2,3). OA symptoms are
made worse with physical inactivity (4). Unfortunately, among
individuals with OA, Latino patients are less likely to report
engaging in any exercise (50%) than non-Latino White patients
(65%) (5).

Social influences may directly or indirectly affect physical
activity (6). Direct influences occur when resources are shared to
enable physical activity (7) and by offering physical activity com-
panionship (7,8). Indirect influences occur when social modeling
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(9) or social control (e.g., pressure to exercise) (10) promote self-
efficacy, when others’ inactivity or activity creates physical activity
norms (11), and when social support motivates self-regulation
(12). Finally, Social Cognitive Theory posits that behaviors, individ-
ual factors (e.g., cognitions), and environmental factors (e.g.,
social influences) determine one another (13). For example,
dyadic analyses among couples showed a bidirectional associa-
tion between self-efficacy and social support provided by one’s
partner (14).

Traditional Latino culture emphasizes interdependence
and reliance on others to regulate behaviors (15). Interdepen-
dence may be especially crucial to the promotion of physical
activity among Latina individuals who often rely on social sup-
port and companionship to engage in physical activity (16-18).
In a physical activity intervention with 266 Latina individuals a
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SIGNIFICANCE & INNOVATIONS

+ Social support for physical activity was often recip-
rocated between Latina patients with osteoarthritis
(OA) and their supporters.

« Engaging in physical activity together was a com-
mon and often preferred way of receiving support
for physical activity among dyads.

+ Some participants were unsure whether it was safe
to engage in physical activity when experiencing
severe OA symptoms.

« OA symptoms prompted adult children of Latina
patients with OA to become more active.

greater increase in physical activity was found among women
who were active with others versus alone (8). Qualitative
research shows that expectations for social support from one’s
social network are strong, especially among Latina patients with
arthritis (19,20). One of the few studies examining the social
support of Latino individuals with arthritis and other rheumatic
diseases found that 87% of participants reported receiving
social support to cope with their symptoms (21). However,
these few studies of social support for Latina patients largely
focus on general social support to cope with arthritis pain
(20-22) and the psychological well-being gained from receiving
support (19,23). What is unknown is how others influence the
physical activity of Latina patients with OA. Understanding the
perceived social influences on Latina individuals’ physical activ-
ity is imperative, given the interpersonal nature of Latino culture
(15) and the general insufficiency of physical activity among
Latina patients with OA (24). Thus, the purpose of this study
was to explore the social influences of physical activity between
Latina patients with OA and a supporter of their physical
activity.

Table 1. Interview guide*

MATERIALS AND METHODS

We conducted semistructured, dyadic interviews in the pre-
ferred language of participants (English or Spanish), which were
digitally recorded, transcribed verbatim, and coded in their origi-
nal language. Quotes used in the presentation of the results were
translated to English when necessary. All procedures were
approved by the University of North Carolina (UNC) Institutional
Review Board in accordance with their ethical standards and with
the 1964 Helsinki declaration and its later amendments or com-
parable ethical standards. Written informed consent was
obtained by all participants prior to data collection.

Participants and sampling. Our research team used
purposive sampling (25) to recruit participants who met prede-
fined criteria: Latina patients with OA of the knee/hip and a sup-
porter of their physical activity. Latina patients with OA were
recruited in person through the Rheumatology Clinic at UNC, at
a local senior center, and via mailed letters to individuals identi-
fied through the Carolina Data Warehouse for Health (a clinical
repository of UNC Health Care data). Interested Latina patients
were called by the principal investigator (SHS) or a trained inter-
viewer, given an overview of the study, and if interested in partic-
ipating, screened for eligibility. Eligibility criteria included a clinical
diagnosis of hip and/or knee OA or probable OA (26) and the
ability to nominate a person who supports their physical activity
(“supporter”). Participants then provided the contact informa-
tion of supporters, who were contacted via telephone and
screened for eligibility (age >16 years and wiling and able to
attend the interview).

Procedure for data collection. Data were collected in
the location of participants’ choice (home [n = 11] or private com-
munity space [n = 3]). Conducting the interviews and collecting
demographic information from participants lasted 60-90 minutes.

Topics

Prompts

Physical activity

How do you feel about physical activity in general?

Are there physical activities that you enjoy?

Physical activity and social
support

Are there certain types of support that help you be physically active?
Are there ways you support others in their physical activity?

How do you ask each other for help or motivation for physical activity?

How have you helped each other be more physically active?

How do you prefer to receive motivation to help you to be more physically active?

What things do you wish the other person could do or say to motivate and help you be
more physically active?

Osteoarthritis and physical
activity with OA)

How does your arthritis or joint pain affect your physical activity? (directed at Latina patients

How does the other person’s arthritis or joint pain impact your physical activity in any
way? (directed at supporters)

Osteoarthritis and social
support

Does your arthritis or joint pain affect how you prefer to receive motivation or help to be
physically active? (directed at Latina patients with OA)

How does the other person’s arthritis or joint pain affect the way you provide motivation
or help for their physical activity? (directed at supporters)

* Unless otherwise stated, prompts were directed at both participants. OA = osteoarthritis.
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Participants were given $20 each for their time. The principal
investigator (SHS) and a trained bilingual interviewer conducted
the interviews.

We developed a semistructured interview guide (Table 1)
based on a literature review and prior experience of important
social influences on physical activity. The guide was pilot tested
with 1 dyad consisting of sisters-in-law (not included in the study
sample), which demonstrated redundancy in some of the items.
Most interviews were conducted in Spanish, 3 in English, and
1in both languages. Using open-ended questions, the semistruc-
tured interview guide allowed for participants to stray from the
questions to discuss related topics (27). Interviews were con-
ducted until saturation of the data had been reached with respect
to themes related to social influences on physical activity among
dyads (28).

Data analysis. An initial codebook was created based on
the interview guide and then adjusted after 2 bilingual coders sep-
arately coded 4 interviews that varied by language and dyad type.
To analyze the coded data, framework analysis (29), which uses a
systematic approach to identify themes within and between
dyads, was implemented using ATLAS.ti (Mac version 1.6.0, Sci-
entific Software Development). The transcripts were coded and
hierarchically grouped to reduce the data to themes and sub-
themes for interpretation. Themes/subthemes were initially exam-
ined using all the data. Then the data were categorized by
participant type (Latina patients with OA versus supporters), and
dyad type (e.g., mother—child), and themes/subthemes were
examined across the various groups.

We used the concepts of trustworthiness and authenticity out-
lined by Lincoln and Gupta (30) to ensure the rigor of our methods
(see reference 31 for a recent description among clinical popula-
tions). Trustworthiness was established through 1) credibility, by
interviewing dyads to obtain data from multiple sources and to
develop a more comprehensive understanding of the themes
(i.e., triangulation); furthermore, investigator triangulation was used
to provide alternative explanations from investigators of Latino and
non-Latino backgrounds; 2) transferability, by providing illustrative
“thick” quotes connected to the themes/subthemes; 3) depend-
ability, by carefully documenting the evolution of the codebook
and crosschecking with previously coded interviews to safeguard
the use of stable codes across interviews; and 4) confirmability, by
using a second coder and discussing discrepancies to reach an
agreement on codes and code definitions. Authenticity (30) was
established through fairmess (eliciting different perspectives) by
interviewing a range of supporters and relationship types.

RESULTS

Participant characteristics. There were a variety of
dyads represented in the sample: Latina patients with OA and
their daughters (n = 5), spouses/partners (n = 4), sons (N = 2),

Table 2. Participant characteristics (n = 14 dyads)*

Patients with OA Supporters
Age, mean + SD years 66 + 18 48 + 23
Married or cohabitating 7 (50) 10 (71)
> High school education 7 (50) 13(93)
Retired or homemakers 9 (65) 5(36)
Monthly household income 5(36) 3(23)
<$1,500
Born outside the US 13 (93) 5(36)
Female 14 (100) 7 (50)
Supporter relation
Daughter - 5(36)
Spouse/partner - 4(29)
Son - 2(14)
Granddaughter - 1(7)
Nephew - 1(7)
Friend - 1(7)

* Values are the number (%) unless indicated otherwise. OA =
osteoarthritis.

and others, including a granddaughter, a nephew, and a friend.
Except for the friend and 1 spouse, all supporters identified as
Latino (Table 2).

Themes and subthemes. Interviews with dyads revealed
4 overarching themes and corresponding subthemes (Figure 1).
The following sections describe the themes/subthemes with illus-
trative quotes. An outline of the themes/subthemes, along with
more extensive quotes, is provided in Table 3.

How participants support one another's physical
activity. Reciprocated motivation. Motivation and support were
not always unidirectional, from supporters to Latina individuals.
Eight dyads reported that support for physical activity was recip-
rocated, flowing back and forth between them. A mother (dyad
6) explained, “In fact, we motivate each other, her and |.” These
dyads described relying on each other for support and providing
additional support when the motivation was lacking in 1 person
to ensure their continued efforts to be physically active.

“Let’s go for a walk.” The most common way that dyads said
they provided and preferred to receive support was by engaging in
physical activity together (e.g., walking; 10 dyads). The use of this
method was equally discussed by Latina patients with OA and by
their supporters. For example, 1 daughter (dyad 2) said, “Usually
my mom is the one who tells me, ‘Let’s go for a walk’...We try to
go once a week.” Across dyads, the commitment to exercise
together varied, with some having a recurring appointment and
others creating opportunities to exercise together on occasion.

Pressure. The use of pressure was rare among couples and
typically given by Latina individuals rather than by their spouses.
Five Latina patients and 8 supporters remarked that their counter-
part did not use pressure and would be discouraged if they did.
Three Latina patients with OA said their reaction depended on
the type of pressure and from whom. Four Latina patients and
3 supporters said that receiving pressure was effective in
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Figure 1. Themes and subthemes.

motivating their physical activity. One mother (dyad 5) said, “[Son]
tells me, ‘Go to the gym. Go do that. Did you go to the gym? Have
you done the exercises prescribed by your doctor?” ‘Yes,” | tell
him, ‘I've done them.” He motivates me a lot.” In other words,
although pressure was not universally embraced, it was wel-
comed and deemed useful among those who received this type
of social influence.

Talk about physical activity. Three Latina patients with OA
and 4 supporters said that they liked to talk about and receive ver-
bal encouragement for physical activity. Topics of discussion
often focused on using physical activity to prevent or manage
long-term diseases, overcome barriers to physical activity, or to
engage in general conversation around exercise. For example,
one mother (dyad 10) explained, “Yes, sometimes when | see
her after [she exercises], | ask her, ‘How was your day?’ or
‘How'’s the exercise? What did you do? What did you like? What
didn’t you like?””

Help with chores. Three Latina patients with OA and 2 daugh-
ters said that help with household responsibilities made it possible
for them to be active. One daughter (dyad 6) said, “Sometimes I'll
tell [my mom], ‘Can you watch my dog a little while longer, I'm
going to my gym class.””

Modeling. Modeling physical activity was a motivator for only
2 Latina patients with OA: an aunt of a nephew supporter who
works in a gym and a grandmother of a granddaughter supporter
who is a dance teacher. For example, the grandmother (dyad 1)
said, “Watching her [dance] motivates me.”

How OA symptoms impact support for physical
activity. Desire for support when experiencing OA symptoms.
Six Latina patients expressed a desire to receive support for
physical activity when they experienced OA-related pain and stiff-
ness. A Latina individual interviewed with her spouse (dyad 11)
said, “There are moments when you're in a lot of pain and you
don’t want to even move. In that moment, | do need someone to
tell me, ‘Do it so that the pain will ease.”” They believed physical
activity could ease their symptoms, but their pain and stiffness
impeded their motivation to be active, hence the desire for addi-
tional support.

“I keep it to myself.” Three Latina patients with OA said they
did not discuss their OA symptoms with their supporters
because they did not want to complain and burden their loved
ones, especially if they believed that there is nothing that can
be done for OA symptoms. For instance, one mother (dyad 12)
said, “No, no, | don’t talk about pain, never.” By not disclosing
their symptoms, however, participants with OA did not let sup-
porters know whether they should modify or increase their sup-
port to accommodate their loved one’s physical and emotional
state.

“They don’t understand.” The inability to recognize OA-
related symptoms in their mothers resulted in misunderstandings
in 2 mother-daughter dyads. This problem was illustrated by one
mother (dyad 10): “She looks at me and says, ‘Are you angry?’
She often asks me, ‘Why are you mad?’ or ‘Are you mad?’ and
sometimes | tell her, ‘No, daughter, I'm just tired, in pain.””
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Table 3. Themes, subthemes, and sample quotes*

Theme and subtheme Sample quote

How participants support one another’s
physical activity

Reciprocated and bidirectional motivation Daughter: For example, if | know that my mom is going dancing, then |
will probably want to go with her too.

Mother: Me too. In fact, we motivate each other, her and I. She
motivates me with some things like, “Mom, you should try this,
Mom, you should try that.” And | with her, like, “Look, | saw this
thing, why don't we go do it?”, “I'm going to this thing, want to
come?” (Dyad 6)

“Let's go for a walk” What motivated me personally is that he helps me. He tells me let's go
do this. | feel supported. We're going to do this together, that way
we work as a team, him and I. That motivates me. (Spouse/partner
of supporter: dyad 9)

Usually my mom is the one who tells me, “Let’s go for a walk” We
try to go once a week. Sometimes we do it, sometimes because of
our schedules or because the kids need help with their homework,
but our goal is to go out together for a walk. (Daughter: dyad 2)

Pressure [Son] tells me, “Go to the gym. Go do that. Did you go to the gym?
Have you done the exercises prescribed by your doctor?” “Yes'| tell
him, I've done them.” He motivates me a lot. (Mother of son
supporter: dyad 5)

| started going to the gym class about 2 months ago because she
was going to it before. | used to hear it every day, “You have to go.
You have to do this.” | have to give her credit for that. Persistence
and perseverance paid off. (Spouse/partner: dyad 4)

Talk about physical activity Yes, sometimes when | see her after [she exercises], | ask her, “How
was your day?” or “How's the exercise? What did you do? What did
you like? What didn't you like?” And we'll discuss it. Other times,
she'll tell me, “I want to go to a new class” and I'll say, “You should
do it. If you don't have a ride, | can take you.” (Mother of daughter
supporter: dyad 10)

Help with chores The support is: I have to go walk and he has to take care of [his sister]
or vice versa. Or if it's a little more cold and our grandson is here,
“You stay with him but I'm going to go [for a walk]. Then you can
g0.” (Spouse/partner of supporter: dyad 9)

Sometimes I'll tell her, “Can you watch my dog a little while longer,

I'm going to my gym class.” It's the only way that | sometimes ask
for help because the class has a specific schedule. Leaving work at
6:30 pm leaves me time to go to the last class at 7:15 pm. From 7:15
pm to 8:15 pm is the time of the class and | say, “Please, | just want
to quickly go to the gym. One hour. Il be there at 8:30 pm.” She
tells me, “OK, it's fine” or “| have to go out, so hurry,” that kind of
thing. (Daughter: dyad 6)

Modeling physical activity Watching her [dance] motivates me. (Grandmother of a granddaughter
supporter: dyad 1)

How OA symptoms impact support for
physical activity

Desire for support when experiencing OA There are moments when you're in a lot of pain and you don't want to

symptoms even move. In that moment, | do need someone to tell me, “Do it so
that the pain will ease.” (Spouse/partner of supporter: dyad 11)

“I keep it to myself” Daughter: | see in her face that she's not feeling well because her face

changes. What | do is | ask her, “Mom, what's wrong?” and she tells
me, “Nothing.” But | notice her face and | keep asking her and she
gets angry. | prefer to not ask her anything and not say anything.

Mother: Yes, because what | have in my head about these problems,
based on what I've read, is that there is no cure. | don't know if it's
true or if it's a lie. What | understand is that | have to live with this
problem. But if | have to live with it, 'm not going to internalize it. |
try to think of it as something that will pass. (Dyad 13)

No, no, | don't talk about my pain, never. (Mother of daughter
supporter: dyad 12)

(Continued)
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Table 3. (Cont’d)

Theme and subtheme

Sample quote

“They don't understand”

“We understand each other”

How OA symptoms impact the physical
activity of Latina patients with OA
“Exercise is indispensable when arthritis is
present”

“l just don't know”

“I'm not saying go to the gym but do some
stretching at home”

How OA symptoms impact the physical
activity of supporters
“If she's hurting, | just don't exercise”

“She tells me to stay active so that I don't
develop OA like she has”

She looks at me and says, “Are you angry?” She often asks me, “Why
are you mad?” or “Are you mad?” and sometimes | tell her, “No,
daughter, I'm just tired, in pain,” but it's like those words don't
work, like she's thinking that I'm mad at her or at something that
happened in the moment but that's not it. The pain sometimes puts
me in a bad mood, and I'll go, I'l agree and go [to the gym] but
sometimes, | tell her “No, you go” because | don't feel up to it. She
also knows that there's a point at which she'll say, “OK mom, go
rest.” (Mother of daughter supporter: dyad 10)

We have gotten in the habit of walking [by the river] on Saturday
mornings. All of us except my mom because she doesn't like to go
because of the pain. What we do'is, | try to insist, but she tells me
that | don't know the pain that she feels, so she prefers to not come
with us when we go for a walk. | go with my daughters and my
husband. (Daughter: dyad 6)

[Arthritis] is a part of me. When something happens to her related to
the arthritis, | also feel it. Why? Because | have also felt the same
pain and so we motivate each other to do exercise. (Spouse/partner:
dyad 11)

Yes. | was telling her, maybe if you get to go to exercise and do lots of
activities of all of your muscles, your leg muscles maybe need to
reinforce it. Myself I'm less for surgery, I'm more proactive with the
exercise. (Friend: dyad 3)

When I'm in pain | tell him, “My knee hurts” and he tells me, “That's
because you haven't been to the gym. You haven't been walking.
You have to walk.” He tells me, “Don't lay down to sleep or rest.
No, it's because you haven't done anything. Let's go.” (Aunt of
nephew supporter: dyad 8)

I think, maybe I'm not informed, but when | see her suffering, I'm like,
“Don't do anything,” more as a precaution, to prevent her from
wearing herself out more, that's how | think of it. Surely, 'm wrong,
| don't know. (Granddaughter: dyad 1)

I think, [exercise when in pain] depends on the pain, because a lot of
times if you're stiff and in pain, throughout the day you warm up
and feel better. Maybe an activity that's very light, but not to stop
moving. For example, any extreme activity, for example, doing
squats or something with pain, you're going to do it wrong and you
can hurt yourself. | think there has to be a middle ground, everything
depends on the activity. My mom has never tried swimming, but |
feel like that would be very gentle with her joints and it's good
exercise. (Daughter: dyad 6)

The times that she’s like not feeling it and she doesn’t like it, she
doesn't want to do anything, it's a barrier because like | said earlier,
| don't like doing exercise by myself because | guess if I'm not
seeing someone else to do with it, it's like why should | do it?
(Spouse/partner: dyad 7)

If the pain is strong, it's best to keep still. (Mother of son supporter:
dyad 14)

Seeing her like that in that moment is motivation for me to not end up
like that. It's exactly the reason why it's important to keep moving.
Laws of physics, an object in motion stays in motion. (Daughter:
dyad 5)

* OA = osteoarthritis.

This lack of understanding led to mothers’ expressed frustration
that their daughters did not grasp the extent of their pain experi-
ence. In these cases, mothers tended to decline invitations to be
active when experiencing OA symptoms.

“We understand each other.” Conversely, negative situa-
tions were avoided when both participants had OA and could
empathize with each other’s symptoms (2 dyads). For example,
one spouse (dyad 6) explained, “When something happens to
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her related to the arthritis, | also feel it. Why? Because | have also
felt the same pain and so we motivate each other to do exercise.”

How OA symptoms impact the physical activity of
Latina patients with OA. Exercise is indispensable when
arthritis is present. Overall, dyads believed it was a good idea to
be physically active when Latina patients were experiencing OA
symptoms (8 Latina patients with OA and 9 supporters). Reasons
for this idea centered around the belief that movement could alle-
viate pain and stiffness and is a preferable alternative to surgery as
a treatment of arthritis. This subtheme was explained by a friend
(dyad 3), “Yes. | was telling her, maybe if you get to go to exercise
and do lots of activities of all of your muscles, your leg muscles
maybe need to reinforce it. Myself I’'m less for surgery, I’'m more
proactive with the exercise.”

“I just don’t know.” Two Latina patients with OA and 5 sup-
porters either did not believe it was a good idea to be active while
experiencing OA symptoms or were unsure. A granddaughter from
dyad 1 said, “l think, maybe I'm not informed, but when | see her
suffering, I'm like, ‘Don’t do anything,” more as a precaution, to pre-
vent her from wearing herself out more, that’s how | think of it.
Surely, I'm wrong, | don’t know.” Although they believed physical
activity was beneficial to OA, these participants expressed concern
that it could cause harm to the joints when symptoms were present.

“I'm not saying go to the gym but do some stretching at
home.” Two Latina patients with OA and 1 supporter reconciled
their ambivalence about the safety of physical activity by deciding
that it was a good idea unless those symptoms were severe, in
which case, taking it slow by doing gentle stretching/yoga, walk-
ing, swimming, or resting was the best approach. One daughter
(dyad 6) said, “I think [exercise when in pain] depends on the pain,
because a lot of times if you're stiff and in pain, throughout the day
you warm up and feel better. Maybe an activity that’s very light,
but not to stop moving.”

How OA symptoms impact the physical activity of
supporters. “If she’s hurting, | just don’t exercise.” The physical
activity of supporters was sometimes altered by Latina patients’
OA symptoms. Three supporters, typically spouses, explained
that they were less likely to engage in physical activity when their
partner experienced OA symptoms because they no longer
received the same level of physical activity support from their part-
ner. For example, one spouse (dyad 7) said, “lt's a barrier
because like | said earlier, | don’t like doing exercise by myself.”
Supporters also explained that they were less likely to engage in
physical activity when Latina patients were experiencing OA
symptoms because they would opt to stay home to provide care
rather than leaving them to be active.

“She tells me to stay active so that | don’t develop OA like
she has.” Four supporters explained that they became more
active when Latina patients experienced OA symptoms. A few
said that this increase in activity was because they took on more

household chores and thus engaged in more activity. Others, typ-
ically daughters, said that seeing their mothers in pain motivated
them to become more active to prevent the onset of OA. One
daughter (dyad 5) explained that “Seeing her like that in that
moment is motivation for me to not end up like that. It's exactly
the reason why it’s important to keep moving.” Similarly, mothers
used their pain experience as an example to encourage their
daughters to become more physically active.

DISCUSSION

This dyadic interview study explored support for physical
activity between Latina patients with OA and a family member/
friend. While other researchers have observed Latino individuals
seeking social support to cope with arthritis pain (20-22), our
study explored how Latina patients are seeking support for phys-
ical activity, a pain-coping behavior.

Supporters were primarily adult children, mostly daughters,
and to a lesser degree, spouses and others, consistent with prior
research showing that Latina individuals typically rely on daugh-
ters as a source of social support (7,22). However, interventions
on the management of chronic illnesses have generally focused
on couples (32), underscoring a gap in intervention research that
is responsive to the needs of Latino communities. Thus, an
essential next step for research is designing dyadic interventions
that include nonspouse supporters, especially because the effi-
cacy of these interventions does not appear to depend on the
composition of the dyad (33).

The dyadic design of our study enabled us to identify exam-
ples of reciprocity between participants and to respond to limita-
tions of prior social support literature that describe support
recipients as passive receivers (34). We found that social support
for physical activity is received and given by Latina patients with
OA, especially when both participants are inactive. When physical
activity is not yet a habit, providing support may promote physical
activity above and beyond receiving support (34), thus recipro-
cated support may explain why including dyads in physical activity
interventions may be more effective than enrolling target partici-
pants alone (33). Furthermore, equal intervention participation by
both participants likely has a greater effect on physical activity
than does unequal participation (35,36).

Participants supported one another’s physical activity in a
variety of ways, primarily by engaging in physical activity together.
This echoes prior research showing that engaging in physical
activity with others (i.e., activity partners) is highly influential
among women (7,16) because of the accountability and enjoy-
ment created by their partners (37). Our finding supports social
support theory (6), which posits the direct influence of activity
partners on physical activity, and adds to prior literature demon-
strating these effects among Latina individuals (7,8). Walking
was a common method of engaging in physical activity together
in the current study. In addition to being accessible and easily
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modifiable, walking is deemed safe and recommended as an
effective self-management method of reducing OA symptoms
(88). Evidence-based walking interventions for OA that target indi-
viduals (39) may be more effective among Latina individuals if they
are adapted to dyads.

As in previous studies, some of our participants said receiving
pressure-like tactics would backfire and cause them to resist being
physically active (40). However, other women, with and without
OA, welcomed the use of pressure and deemed it an effective
motivator. In a study among couples, receiving pressure-like tactics
resulted in greater self-efficacy (10), possibly due to a defiant
response in one’s confidence to be more active. In our study, how-
ever, participants were pleased with the pressure they received.
Although the examples of pressure provided by participants sound
negative: “Have you done the exercises prescribed by your doc-
tor?”, “You’re not going to fit in your bikini sitting on the couch,”
the tone of the messages may be more persuasive (e.g., a con-
cerned tone in the former quote and a jovial tone in the latter) (41).
The tone, context, and the perceptions of the receiver may be more
important than the content of the message (40). To date, most
studies have investigated the use of pressure among non-Latino
White couples (10,40,42,43), but the couples in our study rarely
used this tactic, suggesting possible differences in methods used
by spouses across ethnicities. Further research can address this
gap and clarify associations among pressure, mediating theoretical
constructs, and physical activity in noncouple dyads.

Our findings showed that most Latina patients wanted addi-
tional support for physical activity when they experienced more
severe OA symptoms and needed help overcoming physical
activity barriers. This finding was also seen in a study of 588 Latino
patients with arthritis (44). Those with severe pain had stronger
motivation to exercise compared to those with less severe pain.
However, individuals with more pain also experienced more bar-
riers to physical activity. Unfortunately, many supporters in our
study were unaware of how to provide physical activity support
when their counterpart experienced OA symptoms.

Some Latina patients said their supporters did not sympathize
with their pain experience and described interpersonal conflict, misun-
derstanding, and frustration, making it difficult to receive support. For
dyads who face conflict during increased OA symptom severity, inter-
ventions can build skills in support provision and develop interpersonal
communication (45,46). Interventions have demonstrated effective-
ness in increasing support for coping with pain among couples (47),
but the dyads in our study who discussed interpersonal difficulty typ-
ically consisted of mothers and children. Again, research that focuses
on noncouple dyads is especially needed among Latina individuals
who frequently rely on their adult children for social support (7,22).

Although most participants agreed that physical activity was
beneficial to the management of OA, some were uncertain about
its safety during episodes of severe OA symptoms. This uncer-
tainty has also been documented among individuals with rheuma-
toid arthritis living in the UK, where 44% said they worry that

physical activity could cause harm to their joints, and 34% were
not sure (48). Furthermore, 39% said they did not know what type
of exercise they should be doing.

Supporters’ physical activity was influenced by the presence
of OA symptoms in Latina individuals. In some cases, supporters
engaged in less activity either because they depended on their
counterpart to motivate them or because caregiving superseded
time to exercise. Conversely, some supporters, especially daugh-
ters, noticed an increase in their physical activity when their
mothers experienced OA symptoms, primarily because they were
reminded of their own risk for OA. A population-based study in
the US among adults between ages 25 and 44 years showed a
higher perceived risk of developing OA in those with a family his-
tory versus no family history of OA (49). Thus, adult children and
their mothers may have an awareness of children’s elevated risk
for OA and may become prompted to engage in healthy behav-
iors in the presence of OA symptoms. Given the potentially recip-
rocal nature of support and physical activity between dyads, the
physical activity of supporters warrants further investigation.

It is essential to consider our study’s limitations when interpret-
ing its findings. First, due to the qualitative design, our results may
not generalize to other populations. Specifically, our sample con-
sisted of Latina patients with OA and a supporter of their physical
activity recruited from an urban area of North Carolina. Findings can-
not speak to Latino men with OA or support provided by individuals
not represented here (e.g., health care providers). Furthermore, sup-
porters were €eligible if they were wiling and able to attend the inter-
view. Thus, we did not include supporters who did not live locally
but provide support remotely. Notably, data collection and interpreta-
tion were primarily conducted by the first author (SHS), a bicultural/
bilingual Latina. The perspectives of SHS helped to attach cultural
meaning to the data. The second coder and coauthors are non-
Latino White and helped to offer alternative explanations for the data.

This study provides the foundation for future investigation and
potential dyadic strategies to promote physical activity among
Latina patients with OA. Further research will help to generalize
findings to other Latino patients with OA and provide valuable
insight into the development of interventions for this population.
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Systematic Review and Meta-Analysis of Health State Utility
Values for Osteoarthritis-Related Conditions

Ting Zhao," ¥ Tania Winzenberg," Barbara de Graaff," Dawn Aitken," {2} Hasnat Ahmad," and Andrew J. Palmer?

Objective. Health state utility values (HSUVs) are a key input in health economic modeling, but HSUVs of people
with osteoarthritis (OA)-related conditions have not been systematically reviewed and meta-analyzed. Our objective
was to systematically review and meta-analyze the HSUVs for people with OA.

Methods. Searches within health economic/biomedical databases were performed to identify eligible studies
reporting OA-related HSUVs. Data on study design, participant characteristics, affected OA joint sites, treatment type,
HSUV elicitation method, considered health states, and the reported HSUVs were extracted. HSUVs for people with
knee, hip, and mixed OA in pre- and posttreatment populations were meta-analyzed using random effects models.

Results. A total of 151 studies were included in the systematic review, and 88 in meta-analyses. Of 151 studies,
56% were conducted in Europe, 75% were in people with knee and/or hip OA, and 79% were based on the EuroQoL
5-dimension instrument. The pooled mean baseline HSUVs for knee OA core interventions, medication, injection,
and primary surgery treatments were 0.64 (95% confidence interval [95% CI] 0.61-0.66), 0.56 (95% CI 0.45—0.68),
0.58 (95% CI 0.50-0.66), and 0.52 (95% CI 0.49-0.55), respectively. These were 0.71 (95% CIl 0.59-0.84) for hip OA
core interventions and 0.52 (95% CI 0.49-0.56) for hip OA primary surgery. For all knee OA treatments and hip OA pri-
mary surgery, pooled HSUVs were significantly higher in the post- than the pretreatment populations.

Conclusion. This study provides a comprehensive summary of OA-related HSUVs and generates an HSUV data-
base for people with different affected OA joint sites undergoing different treatments to guide HSUV choices in future

health economic modeling of OA interventions.
INTRODUCTION

Osteoarthritis (OA) is one of the most common chronic joint
diseases. It mostly affects knees, hips, and small joints of hands.
OA is characterized by joint pain, stiffness, swelling, loss of func-
tion, and disability, which in turn negatively impact individuals’
health-related quality of life (HRQoL) (1) and incur a substantial
socioeconomic burden (2,3). Currently, there is no cure for OA,
but many treatments and approaches, including lifestyle, medica-
tions, injections, and surgery, are available to help relieve disease
syptoms.

Health state utility values (HSUVs) are typically used to reflect
HRQoL and to calculate quality-adjusted life years, a preferred
measure of clinical effectiveness in cost utility (CUA)/clinical effec-
tiveness analyses (CEA) (4). HSUVs measure the strength of a
preference for a particular health state, represented as a number
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between O (death) and 1 (optimal health). Health states worse
than death may exist, with negative HSUVs assigned (5). HSUVs
can be obtained through several methods (6). Direct methods
ask individuals to describe and assess health states and
place weights on them, using valuation techniques such as the
standard gamble, time trade-off, and rating scales (6). Indirect
methods involve the use of preference-based multi-attribute util-
ity instruments (MAUIs), where patients answer questions relat-
ing to multiple dimensions of their current health state, and the
responses are then scored using a value set obtained from
respective general populations. Commonly used MAUIs include
the EuroQol 5-dimension (EQ-5D), the Health Utility Index,
the Short Form 6-dimension (SF-6D), and the Assessment of
Quality of Life (AQoL) instruments (7). Finally, mapping tech-
niques are used to transform nonpreferenced-based HRQoL
measures into HSUVs.
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SIGNIFICANCE & INNOVATIONS

+ This is the first study comprehensively reviewing
osteoarthritis (OA)-related health state utility val-
ues (HSUVs).

+ It identified important areas where the current evi-
dence is lacking, including underrepresented geo-
graphical locations and ethnicities, OA joint sites,
treatment options, and multi-attribute utility
instruments.

« This study is the first to meta-analyze the OA-
related HSUVs for different affected joint sites
before and after various treatments.

+ It generated an HSUV database for OA patients with
different affected joint sites undergoing different
treatments to guide HSUV choices in future health
economic modeling of OA interventions.

As the stated preference data for a set of health states for an
appropriate population are not always available, HSUVs obtained
from the literature are widely used in economic evaluations (4).
These HSUV estimates may differ from each other due to several
factors, including differences in the utility elicitation techniques,
MAUIs, the choice of respondent, sample size, and the quality of
studies (4). With an increasingly growing literature of HSUVs, the
selection of which values to use in economic evaluations
becomes challenging. The correct choice of HSUVs is important
to accurately calculate quality-adjusted life years and other CUA
outcomes. To obtain the best estimate for a decision-analytic
model from the literature, the methods of identification of the data
should be systematic and transparent. To date, there is no sys-
tematic review and meta-analysis that summarizes estimates of
OA-related HSUVs and evaluates the extent of differences
between various subgroups of patients based on affected OA
joint sites, treatments, and utility measurements. Our systematic
review and meta-analysis aimed to generate a database of
OA-related HSUVs to address this gap.

MATERIALS AND METHODS

Protocol registration. The study protocol was registered
on April 17, 2019 at PROSPERO (#CRD42019129408). Our
systematic review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines (8).

Literature search. Based on previous recommendations
(9), 4 databases were searched from their inception up to March
2019: Embase, Health Technology Assessment database, Med-
line, and Scopus. This search was supplemented by hand
searching the bibliography lists of all included articles and relevant
reviews. The search strategy was developed in consultation with
co-authors based on the previous literature (10,11). Supplemen-
tary Appendix A, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24478/
abstract, provided the search strategy used for Embase, which
was also revised to suit other databases.

Screening criteria. Title/abstract screening and full-text
screening were conducted in Covidence (12) (an online system-
atic review program to manage and facilitate the selection of stud-
ies) by 2 reviewers (TZ and HA) independently based on
predefined criteria. Any disagreements were discussed between
the 2 reviewers, and a third reviewer (AJP) was consulted in cases
of no consensus. Studies were included if they involved humans,
reported OA-related HSUV estimates (excluding those based on
mapping techniques), and were published in English, Chinese,
or German. Conference abstracts were included when adequate
data were available for extraction. If the OA patients were part of
a broader study population, we included studies reporting on a
cohort with >80% OA representation. Health economic modeling
studies based on HSUVs reported elsewhere and those based on
systematic reviews or meta-analyses were excluded. Review
reports, books, and case reports were excluded.

Data extraction. A predefined Microsoft Excel spread-
sheet was piloted to extract data from 20% of studies by the first
author (TZ). Adjustments and improvements were made to the ini-
tial spreadsheet where necessary, and the improved spreadsheet
was then used to extract data independently by TZ and
HA. Discrepancies were resolved by consensus, and an addi-
tional reviewer (AJP) was consulted to reach an agreement in
cases of no consensus. The following data were extracted:
authors’ names, year of publication, study setting, study design
(e.g., trial, observational), sample size, characteristics of the
patients (e.g., age, sex, body mass index), affected OA joint sites,
treatment type, utility elicitation method, the health states consid-
ered, and the reported HSUVs (mean + SD/SE, 95% confidence
intervals [95% Cls], median, minimum/maximum, quartile) (see
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24478/
abstract).

Meta-analyses. Based on data availability, the selection of
studies for meta-analyses included studies related to knee,
hip, and mixed OA (including a variety of OA patients without
specifying their affected OA joint site), and studies of core inter-
vention, medication, intraarticular injection, and primary surgery
treatments. We followed OA management guidelines (13) to
group the included interventions under 1 of these 4 categories of
treatment. The core intervention category included exercise,
weight management, and education/programs related to exer-
cise and weight management. Medications included all drugs
used to decrease pain and improve function in patients with
OA. Intraarticular injections included corticosteroids, viscosupple-
ments, and blood-derived products. Finally, primary surgery
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Flow chart results of study search based on Preferred Reporting ltems for Systematic Reviews and Meta-Analyses methodology. The

exclusions by osteoarthritis (OA) joint sites and treatment type were because of the small numbers of studies in these joint sites and treatments,
which meant that meta-analysis was not feasible. Eight exclusions by OA joint sites involved 2 shoulder and 6 hand OA-related studies; 41 exclu-
sions by treatment type involved studies of massage, foot insoles, brace, mud therapy, balneotherapy, spa therapy, revision surgery, and obser-
vational studies that did not focus on any treatment. HTA = Health Assessment Technology database; HSUV = health state utility value.

included joint resurfacing and primary joint replacement. Supple-
mentary Appendix B, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24478/
abstract, provides the full list of included interventions under each
category of treatment for knee, hip, and mixed OA from studies
included in meta-analyses. Observational studies that did not
include delivery of an intervention were excluded from the meta-
analysis. HSUVs were summarized by key OA affected joint sites
(knee, hip, and mixed OA) for baseline (pretreatment) and at the
most commonly available posttreatment time points (i.e., 3,
6, 12, and 24 months). When more than 1 HSUV study was
based on the same data, the study with the highest number of
participants was included in the meta-analyses. Subgroup meta-
analyses by utility elicitation methods were also conducted, where
possible.

The meta-analyses were programmed in Stata software, ver-
sion 15.1, using the “metan” command that required mean and
SD/SE as meta-analytical inputs (14). Therefore, when the mean
values and SD/SE were not reported, we used 95% Cls, median,
minimum/maximum, first quartile, and third quartile values to

estimate these parameters (15-17). HSUVs at baseline in obser-
vational studies and in both control and intervention groups of tri-
als were pooled (termed pretreatment HSUVs). Posttreatment
HSUVs were calculated by pooling HSUVs from longitudinal
observational studies of interventions and intervention arms of tri-
als (including active treatment groups but not control groups), for
each time point. Heterogeneity among the pooled studies was
assessed using the I? statistic (where an I > 50% indicated sub-
stantial heterogeneity) (17). To account for within-study and
between-study heterogeneity, random-effects models were
estimated.

RESULTS

Eligible studies. Initially 7,621 potential references were
identified (Figure 1). After we removed duplicates (n = 4,358),
3,263 were left for title and abstract screening. We excluded
2,593 during title and abstract screening, leaving 670 for the full-
text assessment. Of those, 522 were excluded due to not meet-
ing the inclusion criteria (Figure 1). Three additional studies
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identified through reference hand-searching were subsequently
included, resulting in a final total of 151 (including 7 abstracts)
being included in the systematic review. Eighty-eight of these
studies were included in meta-analyses (including 4 conference
abstracts).

Results of systematic review. The majority of included
studies (n = 131, 87%) were published after 2010 (Figure 2A).
More than half (n = 86, 57%) were conducted in Europe, followed
by Asia (n = 20, 13%) and the Americas (n = 16, 11%). Four stud-
ies focused on Australians with OA, 1 study was conducted
in multiple countries, and 24 studies did not report the study
setting (Figure 2B). Fifty-eight included studies (38%) were trials,
65 (43%) were observational studies of interventions, and
28 (19%) were observational studies that did not have an inter-
vention component.

Fifty-nine studies (39%) focused on knee OA, and
41 (27%) focused on hip OA. Thirteen studies (9%) focused
on both knee and hip OA and reported HSUVs separately.
Two studies (1%) and 6 (4%) were focused on shoulder and
hand OA, respectively. Thirty studies (20%) focused on mixed
OA (Figure 2C).

Of the 72 knee OA-related studies, 10 (14%) focused on
core interventions, 6 (8%) and 5 (7%) focused on medication
and injection treatments, respectively. Thirty-two studies (44%)
focused on surgical treatments. Seven investigated other treat-
ments such as massage, foot insoles, brace, and mud therapy.
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Twelve (17%) reporting the cross-sectional HSUVs of knee OA
did not focus on any specific treatment (Table 1).

Of the 54 hip OA-related studies, the majority (N = 46, 85%)
focused on surgical treatments. Two studies (4%) focused on core
interventions, 1 investigated balneotherapy, and 5 (9%) reporting
the cross-sectional HSUVs of hip OA did not focus on any specific
treatment. There were no studies reporting the HSUVs related to
hip OA medication and injection treatments (Table 1).

Two shoulder OA-related studies focused on surgical treat-
ments. Among 6 hand OA-related studies, 2 reported the cross-
sectional HSUVs of hand OA populations, and 1 study each
focused on spa, mud, a core intervention, and surgery treatment.

Of the 30 mixed OA-related studies, 14 (47%) focused on
core interventions, and 12 (40%) reported the cross-sectional
HSUVs of an OA population without specifying any treatment
type. Two studies focused on surgical treatments, 1 focused on
medication, and 1 focused on spa therapy (Table 1).

Nine HSUV measures were used in the included studies, with
most studies (n = 120, 79%) using the EQ-5D, followed by the
SF-6D (n = 12, 8%), Health Utility Index 2/3 (n = 4, 3%), and Quality
of Well-Being (n = 3, 2%). One study each used the AQoL-6D, and
the 15D. Ten studies (7%) included >1 measure, including the
Paper Adaptive Test, standard gamble, and rating scales.

Results of meta-analysis. Studies included in meta-
analyses. Fifty-one knee OA-related studies (Figure 2D) qualified
for meta-analyses. Nine, 6, 5, and 31 related to core

100
86
80 [ ]
60
40
20 6 24
20
n ¢
0 —/
Europe  Asia America Australia NA
60
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40 DR
231
20
"m . B
Knee OA Hip OA Mixed OA
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Figure 2. The distribution of included studies in systematic reviews by A, year of publication, B, study setting, C, osteoarthritis (OA) joint sites,
and D, the distribution of included studies in meta-analysis by OA joint sites and treatments. C, This knee and hip OA group included studies
reporting health state utility values for each type separately. Other OA included hand and shoulder OA studies. NA = study setting not reported.
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Table 1. Studies included in systematic review and meta-analyses
for each OA affected joint site and treatment™

Systematic Meta-
reviews analyses
Knee OA
Core intervention 10 (14) 9(18)
Medication 6 (8) 6(12)
Injection 5(@7) 5(10)
Surgery 32 (44) 31(61)
Other treatments 7 (10) 0(0)
No treatments 12(17) 0(0)
Subtotal, no. 72 51
Hip OA
Core intervention 2(4) 2 (6)
Surgery 46 (85) 32 (94)
Other treatments 1(2) 0(0)
No treatments 5(9) 0 (0)
Subtotal, no. 54 34
Mixed OA
Core intervention 14.(47) 13 (100)
Other treatments 4(13) 0(0)
No treatments 12 (40) 0(0)
Subtotal, no. 30 13
Other joint sites of OA, no. 8 0
Total, no.T 164 98

*Values are the number (%) unless indicated otherwise.
OA = osteoarthritis. Mixed OA included a variety of OA patients
without specifying their OA type. Other joint sites of OA included
shoulder and hand OA studies.

t Thirteen studies reporting knee and hip health state utility values
separately have been counted in both the hip and knee OA groups
and 10 were included in the meta-analyses.

interventions, medications, injections, and primary surgery,
respectively (see Supplementary Tables 2-5, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24478/abstract). Thirty-four hip OA-related
studies (Figure 2D) qualified for meta-analyses. Two and 32 related
to core interventions and primary surgery, respectively (see
Supplementary Tables 6 and 7, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24478/abstract). Thirteen studies for mixed OA core interven-
tions qualified for meta-analyses (Figure 2D and Supplementary
Table 8, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24478/abstract). The posttreatment time points included in
meta-analyses varied between different OA joint sites and treat-
ments based on data availability (Table 2).

HSUVs of knee OA. The pooled mean baseline (pretreat-
ment) HSUV of knee OA core interventions was 0.64 (number of
HSUVs pooled, n = 19 [95% Cl 0.61-0.66], 1> = 99%). The
pooled HSUVs of knee OA core interventions at 3 months postin-
tervention were higher (0.73, n = 6 [95% Cl 0.70-0.76],
1> = 91%). The pooled 6-month and 1-year HSUVs did not differ
significantly from baseline (0.65, n = 4 [95% Cl 0.60-0.71],
1> = 97% at 6 months; 0.71, n = 5 [95% CI 0.64-0.79), I> = 1 at
1 year). In the subgroup analyses, there were significant difference
in HSUV estimates between different MAUIs at each time point
(see Table 2 and Supplementary Figure 1, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24478/abstract).

The pooled mean HSUV for knee OA medication treatment
was significantly different at baseline (0.56, n = 9 [95% CI
0.45-0.68], 12 = 1%) than at 3-month follow-up (0.75, n = 3
[95% Cl 0.70-0.80], I = 87%). All knee medication related—
HSUVs were based on the EQ-5D (see Table 2 and Supplemen-
tary Figure 2, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24478/abstract).

The pooled HSUVs for knee OA (intraarticular) injections were
similar at baseline (0.58, n = 7 [95% Cl 0.50-0.66], 1> = 94%) and
1-year posttreatment (0.63, n = 1 [95% CI 0.59-0.67]). The baseline
HSUV estimates significantly differed between EQ-5D and Health
Utility Index 3 measures (see Table 2, and Supplementary Figure 3,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24478/
abstract).

For knee OA primary surgeries, the pooled mean HSUV
was 0.52 (n = 55 [95% Cl 0.49-0.55], I> = 99.7%) at baseline.
A significant difference was found between HSUVs of baseline
and various postsurgery time points: 6 months (0.71, n = 21
[95% Cl 0.69-0.74], I = 95%), 1 year (0.77, n = 18 [95% Cl
0.73-0.81], 12 = 99%), and 2 years (0.74, n = 17 [95% Cl
0.71-0.78], I> = 99%). Significant differences existed between
different MAUIs at each time point (see Table 2 and Supple-
mentary Figure 4, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24478/abstract).

HSUVs of hip OA. Only 2 studies focused on hip OA core
interventions. HSUVs did not differ significantly between the base-
line (0.71, n = 3[95% Cl 0.59-0.84], I = 99%), 3-month (0.72,
n =2 [95% Cl 0.59-0.84], 1> = 98%), or 1-year (0.72, n = 2
[95% Cl 0.58-0.85], I? = 98%) postinterventions. All HSUVs were
based on the EQ-5D (see Table 2 and Supplementary Figure 5,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24478/abstract).

For hip OA primary surgery treatments, there was a significant
difference between the pooled mean HSUVs of baseline (0.52,
n = 46 [95% Cl 0.49-0.56], I° = 1%) and postsurgery periods:
6 months (0.79, n = 9 [95% Cl 0.76-0.82], I> = 94%), 1 year (0.83,
n = 22 [95% Cl 0.80-0.85], 1> = 99%), and 2 years (0.84, n = 11
[95% Cl 0.80-0.87], 1> = 98%). Significant differences existed
between different MAUIs at each time point (see Table 2 and Supple-
mentary Figure 6, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24478/abstract).

HSUVs of mixed OA. For mixed OA core interventions, there
was a significant difference between the pooled mean HSUVs
of baseline (0.61, n = 27 [95% Cl 0.59-0.64], 1> = 99%) and
3-month postintervention (0.71, n = 10 [95% CI 0.68-0.73],
12 = 97%), and 1-year postintervention (0.69, n = 12 [95% CI
0.66-0.71], 12> = 98%). The same trend was found for EQ-5D
HSUVs but not for SF-6D (see Table 2 and Supplementary
Figure 7, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24478/abstract).
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DISCUSSION

This is the first wide-ranging systematic review of OA-related
HSUVs and meta-analyses on HSUVs for people with different
OA-affected joint sites before and after various treatments. Our
systematic review identified important areas where the current
evidence is lacking, namely underrepresented geographical loca-
tions and ethnicities, affected OA joint sites, treatment options,
and HSUVs based on more sensitive MAUIs. Our meta-analyses
provide an HSUV database for alternative pre- and post-OA treat-
ments that could offer a variety of HSUV inputs for future cost-
utility models of OA-related conditions. HSUVs associated with
4 key treatment categories (core interventions, medication, injec-
tion, and surgery) often differed, as expected, pre- and posttreat-
ment. Furthermore, we found significant inter-MAUI differences in
the mean HSUVs, which is as expected from alternative descrip-
tive systems and utility algorithms. Therefore this review provides
important information that could be used by health economists
and policy makers to determine the cost-effectiveness of various
OA treatments and long-term disease outcomes using modeling
techniques.

Our systematic review identified numerous gaps in the data
on OA-related HSUVs, including geographical locations and eth-
nicities, affected OA joint sites, treatment options, and HSUVs
based on more sensitive MAUIs. We found that more than half
of included studies (57 %) were conducted in Europe, and none
in Africa. Because HSUVs should ideally be based on local pop-
ulation preferences, the generalizability of our results to under-
represented populations (e.g., African and Asian) may therefore
be limited. Seventy-six percent of included studies focused on
knee and hip OA, while other joint sites (e.g., shoulder and hand)
attracted limited attention. While these results align well with the
higher clinical impact, prevalence, and societal burden of knee
and hip OA (18-20), the increasing prevalence and disease bur-
den of hand and shoulder OA as a result of population aging
(21,22) mandate further primary studies investigating the HSUVs
of these joint sites.

The HSUVs that we have meta-analyzed differed as expected
between alternative OA joint sites, treatments, HSUVs measures,
and time points. We found a mean HSUV difference of +0.09
units in patients with knee OA using core interventions between
baseline and 3-month postintervention, and this difference
exceeds the minimal clinically important difference for all the
MAUIs reported in previous studies (from +0.04 units [EQ-5D] to
0.08 units [AQoL-8D]) (23-27). Our findings are consistent with
the randomized controlled trial (RCT) evidence showing the
short-lived effects of knee OA core interventions (28,29). Other
possible explanations include the limited number of core interven-
tion studies with a follow-up a period of >3 months (and hence,
wider 95% Cls for our 6-month and 1-year posttreatment
HSUVs), and a likely reduction in the core intervention adherence
in the long-term (30,31).

Most studies of knee OA medication treatments (83.3%) had
relatively shorter follow-up periods (3 months), with only 1 study
with a follow-up period of >3months. Consistent with RCT evi-
dence of effectiveness of medication treatments (32,33), the
pooled HSUV of studies with follow-up at 3 months postmedica-
tion treatment was significantly higher than the pooled HSUV of
studies with baseline measures. As we did not have enough data
on long-term HSUVs in patients using OA medications, we leave
this question on the agenda for future research when long-term
data become available. We found similar HSUVs at baseline and
1-year follow-up for knee OA injection treatments. However,
these results should be carefully interpreted and used in eco-
nomic modeling, as they are derived from only a limited number
of studies (n = 5 at baseline and n = 1 at 1-year follow-up).
HSUVs of knee OA patients recorded the largest difference
(+0.25 units) between baseline and 1-year postprimary surgery,
and it remained relatively stable to 2-years postprimary surgery.
These findings are once again consistent with the previous evi-
dence of the effectiveness of knee surgery, suggesting that
HSUVs record a significant improvement within 1 year of knee
surgery, and this change in HSUVs is sustained for years (34).

Surgery was the most common treatment in hip OA HSUV
studies (85%). HSUVs in patients with primary hip OA surgery
were significantly higher at 6 months postsurgery than at baseline
and remained improved over the long term. The difference
between pooled HSUV before and after surgery over 1 year was
smaller in knee OA primary surgery (+0.25 units) than hip OA
(+0.31 units). These findings align well with previous research
(85) advocating a relatively higher efficacy of hip OA joint surgery.
Only 2 studies (both based on the EQ-5D) investigated HSUVs in
patients with hip OA core intervention, which aligned well with
the previous findings of the dearth of studies measuring the
HSUVs in patients using hip OA core interventions (36,37). No
studies on hip OA medication and injection treatments were iden-
tified in our review as expected (38,39); thus, no meta-analysis for
these treatments was possible. We recommend future studies to
investigate HSUVs in patients using medications and injections,
subject to the availability of better long-term observed data.

The HSUVs for mixed OA core interventions showed the
same trend observed for knee OA, with a significant difference
(+0.10 units) between baseline and 3-month postintervention
HSUVs. This finding aligns with the existing findings of short-term
benefits associated with OA core interventions (29). A small num-
ber of studies of medication treatment (n = 1) for mixed OA did
not allow us to generate HSUV estimates of before and after med-
ication treatments for use in health-economic modeling. Future
primary HSUV studies in this area should therefore be imperative
in bridging this evidence gap.

The EQ-5D was the most commonly used MAUI in the
included studies (79%), with little to no representation from other
more detailed MAUIs (e.g., AQoL-8D) that can more fully capture
and assess the complex physical and psychosocial health
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aspects of OA patients (23,40). Our MAUI-specific subgroup
analysis revealed significant differences between HSUVs based
on alternative MAUIs (EQ-5D and SF-6D, for example), which is
as expected from the MAUIs that are far from identical in terms of
their descriptive systems and measurement scales (41). As the
key objective of our review was not to explore the extent of agree-
ment between alternative MAUIs, we leave the head-to-head com-
parison of HSUVs obtained through alternative MAUIs on the
agenda for future research. Moreover, there is no consensus on
the choice of MAUI to be used in measuring HSUVs of patients with
OA (41,42). Future research should also endeavor to identify
MAUIs that could be preferentially recommended for OA patients.

When the baseline HSUVs for various treatments were com-
pared, the mean baseline HSUVs for patients with knee and hip
OA using core interventions were significantly higher than those
using surgery treatments, which is likely to be due to the specified
selection criteria for RCTs. Due to the recommended stepwise
approach for OA treatments (43), patients are more likely to
receive core interventions at earlier stages of their OA (with better
HRQoL) and surgery treatments at more severe stages of their OA
(with relatively worse HRQoL), which can also explain this pattern.
This result reinforces the need to use different HSUVs in modeling
for treatments used at different disease stages.

The strength of this study is that this is the first compre-
hensive review and meta-analysis of all types of OA-related
preference-based HSUVs by OA-affected joint sites, OA treat-
ments, and utility elicitation methods. The study provided an
HSUV database for alternative pre- and post-OA treatments
that could offer a variety of HSUV inputs to future cost-utility
models of OA-related conditions and identified important areas
where evidence gaps exist in these estimates to inform future
research needs. Our study has several limitations. It is impor-
tant that the differences in HSUVs at different time points are
not interpreted as true pre-/postchange or as direct evidence
of intervention effectiveness, as the data do not examine differ-
ences in change in HSUVs between controls and intervention
groups over time, and the data included in pooling at each time
point come from different studies. Heterogeneity of the
included studies due to the differences in terms of their study
design, settings, and HSUV elicitation techniques can affect
the interpretation of generated HSUVs. While we have con-
ducted subgroup analyses where possible to highlight some
possible sources of heterogeneity, we had limited capacity to
explain and account for all sources of heterogeneity. The
random-effects model in our meta-analyses aims to account
for heterogeneity but may have consequences for the precision
of model estimates (44). Therefore, in modeling, as well as the
pooled mean sensitivity analyses, consideration of the potential
imprecision of our estimates is important.

A further limitation is that due to the paucity of available stud-
ies, we could not conduct meta-analyses for all treatments of hip,
knee, and other OA joint sites, nor could we group the treatment

types in a more detailed way or perform meta-regression to
account for >1 potential effect-modifying variable at a time. Quite
a few potentially eligible CUA/CEA reports could not be included
as they did not adequately report the required HSUVs (pre-
and/or posttreatment) (45,46), despite clear reporting guidelines
that recommend these be reported (47,48). We recommend that
future CUA/CEA studies refer to these guidelines to help improve
the availability of this important data. Also, the exploration of long-
term HSUVs of patients using different OA treatments was mostly
not possible. Finally, due to the paucity of data, we could not gen-
erate the estimates of HSUVs associated with alternative therapy
adherence levels and medication adverse event types.

Our systematic review found that studies of OA-related
HSUVs are of wide variety and differ from each other in terms of
their setting, design, focused OA joint sites, utility measurement
technique, generalizability, and other factors. The HSUVs that
we have generated will be useful in conducting future health eco-
nomic modeling for people experiencing various OA-related con-
ditions. Our results should, however, be interpreted with caution
as being derived from a relatively small number of heterogeneous
studies. More research is needed to investigate changes in
HSUVs of OA patients for longer follow-up periods.
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BRIEF REPORT

Walking Disabilities in Association With Tenosynovitis
at the Metatarsophalangeal Joints: A Longitudinal
Magnetic Resonance Imaging Study in Early Arthritis

Yousra J. Dakkak, “' Fenne Wouters, ' Xanthe M. E. Matthijssen,
and Annette H. M. van der Helm-van Mil

Monique Reijnierse,

Objective. The relationship between functional disability and magnetic resonance imaging (MRI) inflammation has
been studied for the hands, but has not been well established for the feet, even though walking difficulties are common.
Therefore, our objective was to study whether walking difficulties were associated with MRI inflammation at metatarso-
phalangeal (MTP) joints in early arthritis patients, at diagnosis and during 24 months of follow-up.

Methods. A total of 532 consecutive patients presenting with early arthritis reported on the presence and severity of
walking difficulties (Health Assessment Questionnaire question 4a, scale 0-3), and underwent unilateral contrast-
enhanced MRI of MTP joints 1-5 at baseline. In total, 107 patients had clinical and MRI data at follow-up (4, 12, and
24 months). MRI inflammation (synovitis, tenosynovitis, and osteitis) was scored in line with the Rheumatoid Arthritis
Magnetic Resonance Imaging Scoring system. At baseline, the association of walking disability with MRI inflammation
was assessed using regression. Longitudinally, the association between a change in walking disability with a change in
MRI inflammation was studied with linear mixed models.

Results. At baseline, 81% of patients with walking disabilities had MRI inflammation at MTP joints, versus 68%
without walking disabilities (P < 0.001). Total MRI inflammation (i.e., the sum of tenosynovitis, synovitis, and osteitis)
was associated with severity of walking disability (3 = 0.023, P < 0.001). Studying the MRI features separately, teno-
synovitis, synovitis, and osteitis were all univariably associated with severity of walking disability (P < 0.001,
P < 0.001, and P = 0.014, respectively). In multivariable analysis, the association was strongest for tenosynovitis. Dur-
ing follow-up, a decrease in MTP inflammation was associated with a decrease in walking disability (3 = 0.029,
P = 0.001); in multivariable analyses only, tenosynovitis was independently associated (3 = 0.073, P = 0.049).

Conclusion. Of the different inflamed tissues in MTP joints, predominantly MRI-detected tenosynovitis was asso-
ciated with walking disabilities. Likewise a reduction in tenosynovitis related to a decrease in walking disabilities. These
results increase our understanding of the involvement of tenosynovitis in walking disabilities in early arthritis.

INTRODUCTION associated with clinical factors such as inflammation, pain, and

duration of disease (2,3).

Rheumatoid arthritis (RA) is a disease that involves the small
joints of the hands and feet. The focus in research, however, has
primarily been on the hands (1), though 80% of patients report
disease-related foot problems and 71% report walking difficulties
(2). These difficulties have an important impact on the quality of life
of patients that is often underestimated by clinicians (3) and is
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Magnetic resonance imaging (MRI) is increasingly used in RA
research, as it sensitively detects inflammation, defined as teno-
synovitis, synovitis, and osteitis. The association between walking
difficulties and MRI inflammation has not been fully explored
for the forefoot. Two previous reports have included MRI data
of the metatarsophalangeal (MTP) joints, but these were not
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SIGNIFICANCE & INNOVATIONS

+ Walking disability at diagnosis is associated with
magnetic resonance imaging (MRI) inflammation at
metatarsophalangeal joints; this association was
strongest for tenosynovitis.

* A treatment-induced decrease of MRI inflamma-
tion, particularly tenosynovitis, is associated with a
reduction in walking disabilities.

« This study increases our understanding of the
nature of walking impairments in early arthritis.

contrast-enhanced, and tenosynovitis at the MTP joints was not
included (4,5). Additionally, the reports were cross-sectional and
thus did not study whether change in MRI inflammation over time
related to change in disability.

Therefore, with the aim to increase our understanding of the
role of inflammation at the MTP joints in functional disability, we
set up a cross-sectional and longitudinal study in early arthritis
patients to evaluate the association of walking disabilities with
MRI inflammation, defined as tenosynovitis, synovitis, and osteitis
at the MTP joints.

PATIENTS AND METHODS

Patients. Between June 2013 and July 2017, 604 consecu-
tive patients newly presenting with clinical confirmed arthritis of >1
joint and a symptom duration of <2 years who were naive to
disease-modifying antirheumatic drugs (DMARDs) were included
in the Leiden Early Arthritis Cohort. The cohort is extensively
described elsewhere (6). In short, at baseline, 4 months,
12 months, and yearly thereafter, information was obtained from
physical examination, laboratory tests, questionnaires including
the Health Assessment Questionnaire (HAQ), and MRI. Included
patients were treated in routine care.

Of 604 patients at baseline, 65 had missing HAQ data and
7 had insufficient MRI images. The remaining 532 were studied.
A flow chart is shown in Supplementary Figure 1, available on
the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24452/abstract. From August 2010
until February 2015, follow-up MRIs were performed in
patients with the initial diagnosis of RA or undifferentiated
arthritis. From the 532 with complete baseline MRI and HAQ
data, follow-up MRI results were available for 107 patients
(see Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24452/abstract). The Early Arthritis Cohort was
approved by the local medical ethics committee (#P10.108).
Informed consent was obtained. The data sets analyzed during
the current study are available from the corresponding author
on reasonable request.

Assessment of walking disability. The HAQ is a well-
validated, widely used questionnaire on functional disability that
consists of 20 questions covering different categories of func-
tional activities (4), including 2 questions on walking: question
4a: “are you able to walk outdoors on flat ground?” and question
4b: “are you able to climb up 5 steps?” They are answered as 0 =
no difficulty, 1 = some difficulty, 2 = much difficulty, and 3 =
unable to do. Question 4a was used as the primary measure of
walking disability, because walking outdoors on flat ground was
assumed to importantly involve forefoot mechanics. Question 4b
was used as an alternative measure in a subanalysis, as climbing
stairs was assumed to assess not only forefoot mechanics, but
also other joints such as ankle and knee mechanics. Data on
walking disability were available at baseline and at 12 and
24 months. The HAQ also evaluates equipment dependency, like
walking sticks. Equipment dependency can be the result of dis-
ability in different domains, such as the knee or hip. To avoid the
introduction of noise, equipment dependency was therefore not
incorporated in the analyses, although excluding this dependency
from the evaluation can potentially lead to an underestimation of
the severity of walking disability.

MRI. Unilateral contrast-enhanced MRI of MTP joints 1-5 of
the more painful side, or the dominant side in case of symmetric
symptoms, was performed with a 1.5T extremity MRI (General
Electric). Baseline MRI was obtained <2 weeks after the first pre-
sentation and before DMARD initiation, with follow-up MRIs at
4,12, and 24 months. MRIs were scored for tenosynovitis, syno-
vitis, osteitis, and erosions at MTP joints 1-5, in line with the
Rheumatoid Arthritis Magnetic Resonance Imaging Scoring sys-
tem, with researchers blinded from any clinical data. A detailed
description is given in Supplementary Appendix A, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24452/abstract (7-9). Total MRI inflamma-
tion was defined as the total sum of the semiquantitative scores
of tenosynovitis (range 0-30), synovitis (range 0-15), and osteitis
(range 0-30) at MTP joints. Follow-up MRI was scored in known
time order. Reliability of scoring was excellent (intraclass correla-
tion coefficient >0.92). Additional information is given in
Supplementary Appendix A and Supplementary Figure 2, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24452/abstract).

Statistical analysis. At baseline the association between
walking difficulties and total MRI inflammation was assessed
using linear regression, with severity of walking disability as the
outcome. Although erosions were expected to be infrequent at
the time of diagnosis, they were also studied in relation to walking
disability. Next, the association of tenosynovitis, synovitis, and
osteitis was assessed separately. Univariable and multivariable
analyses were performed: multivariable analyses adjusted for the
simultaneous presence of different types of MRI inflammation,
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because these 3 features often co-occur, and in a separate anal-
ysis for the following clinical features: age, 66 swollen joint count
(SJC), and C-reactive protein (CRP) level. We adjusted for these
factors because they may associate with walking disability and
MRI inflammation, and to elucidate whether MRI inflammation is
associated with walking disability regardless of the level of sys-
temic and local inflammation (CRP level and SJC, respectively)
(6,10). The analyses were repeated for the presence of walking
disability as a dichotomous outcome using logistic regression.

To assess whether a change in the severity of walking disabil-
ity was associated with a change in MRI inflammation, linear mixed
models were used. First, the association was studied for total MR
inflammation with walking disability as the outcome. Subsequently,
tenosynovitis, synovitis, and osteitis were assessed separately.
Also here analyses were performed univariably and multivariably,
adjusting for the simultaneous presence of different types of MRI
inflammation and for clinical features. Linear mixed models have
the advantage that all patient information is used, including for
those who had missing data, as this method assumes that missing
outcomes can be estimated using available measurements.

RA patients may have more severe inflammation, potentially
influencing the relationship between walking difficulties and MR
inflammation. Therefore, as a subanalysis, the analyses between
walking difficulties and MRI inflammation at baseline and during
follow-up were repeated in the subgroup of RA patients (clinical
diagnosis and fulfilment of 1987 or 2010 criteria at 2 weeks).

We prioritized walking difficulties in the main analyses. As a
subanalysis we analyzed whether MRI inflammation at MTP joints
could possibly also be related to difficulty climbing stairs. There-
fore, analyses were repeated with difficulty climbing stairs as the
outcome.

RESULTS

Patient characteristics. Of 532 patients with baseline
data, the mean age was 58 years, 60% were female, and the
mean symptom duration was 10 weeks. Walking disability was
present in 202 patients (38%). This finding was comparable in
the subgroup of patients who were studied longitudinally. Patient
characteristics are shown in Supplementary Table 1, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24452/abstract.

Walking disability and MRI-detected inflammation
at baseline. Mean MRI scores and the results from regression
analyses are shown in Tables 1 and 2. At baseline, more severe
walking disabilities were associated with more severe total MRI
inflanlnmation (3 = 0.023, P < 0.001). The severity of walking dis-
ability was associated with tenosynovitis, synovitis, and osteitis
scores in univariable analyses (P < 0.001, P <0.001, and
P = 0.014, respectively). In a multivariable analysis that included
al 3 features, the effect size was largest for tenosynovitis
(B = 0.042, P = 0.060). In a separate multivariable analysis, the
results for total MRl inflammation and tenosynovitis were adjusted
for clinical features (age, SJC, and CRP level); MRI inflammation
and tenosynovitis remained associated with walking disability
(P =0.014 and P = 0.042, respectively). Walking disability was
not associated with erosion scores (P = 0.18). In additional multi-
variable analyses, the results for total MRI inflammation and teno-
synovitis were adjusted for clinical features and MRI-detected
erosions that revealed similar results (8 = 0.014, P = 0.026 for
MRI inflammation and B = 0.035, P = 0.047 for tenosynovitis,
results not shown in tables). Next the association of the

Table 1. Severity of walking disability and the association between MRI-detected inflammation at the MTP joints and walking-disability at disease

presentation in 532 early arthritis patients™

Total inflammation scoret

Tenosynovitis score

Synovitis score Osteitis score Erosion score

MRI score, mean + SD¥

Disability positive 46+63 13+£22 1.6+2.1 1.7+£32 0.7+1.1

Disability negative 2.7 £4.1 0.7+14 1.0£15 1.1+21 06+09
Univariable analysis

B (95% Cl) 0.023 (0.01, 0.03) 0.064 (0.03, 0.1) 0.063 (0.03, 0.1) 0.029 (0.02,0.05)  0.043(-0.02, 0.1)

P <0.001 <0.001 <0.001 0.014 0.18

Multivariable analysis
MRI featuress
B (95% Cl) -

Clinical featuresq]

B (95% Cl) 0.015(0.00, 0.03)

0.042 (-0.02, 0.09)
P - 0.06

0.026 (-0.02,0.08)  0.007 (-0.02, 0.04) -
0.27 0.66 -

0.036 (0.00, 0.07) - - _
P 0.014 0.042

* Assessed using linear regression. 95% Cl = 95% confidence interval; MRI = magnetic resonance imaging; MTP = metatarsophalangeal.

t Defined as the summed scores of tenosynovitis, synovitis, and osteitis.

¥ Mean score of MRI features in patients with walking disability (defined as Health Assessment Questionnaire [HAQ] question 4a = >1) and

patients without walking disability (HAQ question 4a = 0).

§ Multivariable analyses including MRI-detected tenosynovitis, synovitis, and osteitis at the MTP joints.
9 Multivariable analyses including swollen joint count, age at inclusion, and C-reactive protein level, performed separately for the total inflam-
mation score and for tenosynovitis. Due to the risk of overfitting, this multivariable analysis only included variables that were most importantly

associated with walking disability.
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Table 2. Presence of walking disability: association between MRI-detected inflammation at the MTP joints and walking disability at disease pre-
sentation in 532 early arthritis patients™
Presence of any inflammationT  Tenosynovitis score  Synovitis score  Osteitis score  Erosion score

MRI feature present, no. (%)+

Disability positive 163 (81) 91 (45) 128 (64) 117 (60) 93 (46)

Disability negative 223 (68) 105 (32) 167 (49) 165 (50) 147 (45)
Univariable analysis

OR (95% Cl) 1.08 (1.0, 1.1) 1.22(1.1,1.4) 1.21(1.1,1.3) 1.10(1.0,1.2) 1.12(0.9,1.3)

P <0.001 <0.001 <0.001 0.013 0.23

Multivariable analysis
MRI featuress

OR (95% Cl) - 1.15(1.003, 1.31) 1.09(0.93,1.27) 1.03(0.94,1.12) -

P - 0.045 0.29 0.57 -
Clinical features|

OR (95% Cl) 1.06 (1.02, 1.10) 1.15(1.03, 1.28) - - -

P 0.005 0.017 - - -

* Dichotomous outcome, association assessed using logistic regression. 95% Cl = 95% confidence interval; MRI = magnetic resonance imaging;
MTP = metatarsophalangeal; OR = odds ratio.

t Defined as the presence of tenosynovitis, synovitis, and/or osteitis.

¥ Presence of an MRI feature in patients with walking disability (defined as Health Assessment Questionnaire [HAQ] question 4a = >1) and
patients without walking disability (HAQ question 4a = 0).

§ Multivariable analyses including MRI-detected tenosynovitis, synovitis, and osteitis at the MTP joints.

9 Multivariable analyses including swollen joint count, age at inclusion, and C-reactive protein level, performed separately for the total inflam-
mation score and for tenosynovitis. Due to the risk of overfitting, this multivariable analysis only included variables that were most importantly
associated with walking disability.

3 inflammatory features was studied with the presence of walking a change in MRI inflammation during 2 years of follow-up
disability as a dichotomous outcome (Table 2). This analysis (Figure 1 and Supplementary Table 2, available on the Arthritis
revealed similar results (Tables 1 and 2). Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24452/abstract). A decrease in total MRI inflam-
Course of walking disability and MRI inflammation mation was associated with a decrease in walking disability
during 2 years of follow-up. Then we assessed whether a (B = 0.022, P = 0.019). For the separate features, a decrease
change in the severity of walking disability was associated with in tenosynovitis and synovitis was associated with a decrease
2.0 0.6
-+- Difficulty walking
o "
" L0.4 % -# Osteitis
S c -~ Synovitis
n—:q) g -e- Tenosynovitis
= 102 5
[(]
0.0 T T 0.0
0 4 12 24

Months

Figure 1. Difficulty walking and magnetic resonance imaging (MRI) mean scores for osteitis, synovitis, and tenosynovitis during 24 months of
follow-up. Difficulty walking was assessed by the Health Assessment Questionnaire question 4a: “are you able to walk outdoors on flat ground?”
Patients answered on a scale from 0 to 3 (0 = without difficulty, 1 = with some difficulty, 2 = with much difficulty, 3 = unable to do). In univariable
analyses, a decrease in tenosynovitis and synovitis was associated with a decrease in walking disability (P = 0.001 and P = 0.002, respectively;
see Supplementary Table 2, available on the Arthritis Care & Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24452/abstract).
In multivariable analyses that included osteitis, synovitis, and tenosynovitis, only the association for tenosynovitis remained (8 = 0.073, P = 0.049).
Follow-up MRI data were available as follows: 107, 100, 80, and 41 patients at baseline and at 4, 12, and 24 months, respectively. Data on walking
difficulty were available for 107, 78, and 70 patients at baseline and at 12 and 24 months, respectively. The increase in osteitis score at 24 months
was caused by missing data for patients with resolution of symptoms who were lost to follow-up at 24 months, while patients with more severe
disease kept coming for follow-up (see Supplementary Figure 4, available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24452/abstract).
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in walking disability (P = 0.001 and P = 0.002, respectively, in
univariable analyses), while osteitis was not statistically signifi-
cant (P = 0.058). The association for tenosynovitis remained
in multivariable analysis adjusted for synovitis and osteitis
(B = 0.073, P = 0.049) and when adjusted for clinical features
(B = 0.091, P =0.002). The analyses were repeated and
adjusted for baseline values, which revealed similar results for
MRI inflammation (8 = 0.024, P = 0.014) and for tenosynovitis
(B = 0.069, P = 0.034) (Figure 2).

Subanalysis in RA patients. As a subanalysis, the associ-
ation between walking difficulties and MRI inflammation at base-
line was assessed in the subgroup of RA patients (n = 192), as
RA patients may have more severe inflammation that may influ-
ence the relationship between walking difficulties and MRI inflam-
mation (see Supplementary Table 3, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24452/abstract). Indeed, walking difficulties were
more frequently present (46% versus 38% of patients; see

Figure 2. Examples of magnetic resonance imaging—detected tenosynovitis (arrows) in the coronal plane. A, Tenosynovitis of the common flexor
digitorum at the 2nd and 3rd metatarsophalangeal (MTP) joint; B, Tenosynovitis of the common flexor digitorum at the 2nd MTP joint; and C, Teno-
synovitis of the extensor hallucis longus and common flexor digitorum of the 4th MTP joint, with synovitis of MTP-5 (arrowhead).
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Supplementary Table 1, available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24452/abstract), and the total MRI inflam-
mation score was higher in RA patients than in early arthritis
patients with walking disabilities (6.4 versus 4.6; see Supplemen-
tary Table 3, available at http://onlineliorary.wiley.com/doi/10.
1002/acr.24452/abstract). Similar results were observed as in
the main analyses; in multivariable analysis, the association only
remained for tenosynovitis (3 = 0.078, P = 0.004). The effect of
tenosynovitis remained when adjusted for clinical features
(8 =0.054, P =0.015).

Next we assessed whether a decrease in walking difficulties
was associated with a decrease in MRI inflammation in the sub-
group of RA patients (n = 72) (see Supplementary Figure 3 and
Supplementary Table 4, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24452/
abstract). This analysis revealed similar results, and in multivari-
able analysis the association only remained for tenosynovitis
(B = 0.097, P =0.021). The effect of tenosynovitis remained
when adjusted for clinical features (3 = 0.12, P < 0.001).

Subanalysis for difficulty climbing stairs and MRI
inflammation. Finally, the analyses at baseline were repeated
with difficulty climbing stairs (HAQ question 4b) as the outcome
(see Supplementary Table 5, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24452/abstract). Also here, the severity of walking disability
was associated with the total MRI inflammation score
(B =0.023, P < 0.001). In multivariable analysis with all 3 inflam-
matory features, the effect was strongest for tenosynovitis
(B =0.045, P = 0.045).

DISCUSSION

Walking disabilities were frequent, and in our study 38% of
early arthritis patients and 46% of RA patients reported having
difficulties with walking. We aimed to increase our understanding
of the role of inflammation at the MTP joints in this disability and
observed that the severity of inflammation at MTP joints as
detected with MRI was associated with walking disabilities at
diagnosis. Interestingly, although univariable analyses revealed
that synovitis, tenosynovitis, and osteitis were associated with
walking difficulties, and that synovitis and tenosynovitis often
co-occur (risk of collinearity in multivariable analyses), in multivar-
iable analyses including the different inflammatory lesions, teno-
synovitis had the strongest association. This finding suggests
that tenosynovitis not only causes walking difficulties because it
co-occurs with synovitis, but that by itself it can also lead to
walking difficulties in patients with early arthritis. The association
of tenosynovitis with walking disability was also independent
of regular measures of local and systemic inflammation (SJC
and CRP level). Finally, serial MRIs revealed that a decrease of
MRI inflammation was associated with a reduction in walking

disabilities and that here as well the association was strongest
for tenosynovitis. These results suggest that tenosynovitis at
the level of MTP joints importantly contributes to physical
impairments.

These results add to the increasing evidence on the impor-
tance of tenosynovitis in early RA (11). Most of this research, how-
ever, has focused on the hands (1,4), also regarding disability. In
the hands, tenosynovitis also had the strongest association. A
recent study showed that of the 3 inflammatory MRI features at
the MTP joints, tenosynovitis had the strongest association with
early RA (12). In that report, tenosynovitis at both flexor and exten-
sor tendons was associated with RA and occurred in 31% and
28% of RA patients, respectively, of which the most common site
was extensor tenosynovitis of MTP-1, which occurred in 20% of
RA patients. Our current study is the first to report on MTP teno-
synovitis with respect to functional disability.

To the best of our knowledge, no longitudinal studies on
walking disability in relation to imaging-detected inflammation
exist in early disease. Previous studies have reported on the
occurrence of walking disabilities in established RA, where walk-
ing disability remained moderate to severe during follow-up (13).
We have found a decrease in walking disability from the moment
of diagnosis until 2 years of follow-up. This decrease after diagno-
sis is most likely the result of treatment initiation. Nevertheless,
after having observed that the severity of walking disabilities is
associated with the severity of tenosynovitis, we see confirmation
in the fact that improvement in walking is associated with a reduc-
tion in tenosynovitis.

A limitation of this study is that the HAQ is validated for inte-
gral use and not for the individual questions. Validated question-
naires that specifically study foot-related disability exist, like the
Leeds Foot Impairment Score that more specifically studies
impairment and activity limitation (14). The relationship of
imaging-detected MTP inflammation in these different aspects of
foot disability would certainly be interesting and is a subject for
further research.

MTP-1 is a predilection site for degenerative disease, and
part of the inflammation (synovitis, osteitis) at advanced age in
MTP-1 is possibly related to osteoarthritis. However, research
has also reported that tenosynovitis at MTP-1 is RA specific,
and that involvement of MTP-1 is especially specific for RA in
younger patients (12,15). We therefore did not exclude MTP-1
from our analyses. Although radiographic information on oste-
oarthritis of MTP-1 was not systematically available, we did
adjust for age in our analyses, as osteoarthritis is mostly age
related.

Walking disabilities in established RA can be due to inflam-
mation but also due to damage and joint deformity. We studied
patients at first presentation to the outpatient clinic and found no
relation between erosions and walking disabilities. This finding is
not surprising, as the prevalence of erosions, and thus the contri-
bution to functional impairment, is low at disease onset.
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Interestingly, in addition to the studied MRl features, in the fore-
foot, synovium-lined intermetatarsal bursae are present that can
clearly be differentiated from tenosynovitis, synovitis, and osteitis,
as they have no anatomical connection with MTP joints and are sur-
rounded bilaterally by the interosseous tendons (16). Inflammation
of these bursae, referred to as intermetatarsal bursitis, relates to
clinical joint swelling (17) and may predict the development of foot
impairment in RA patients (13). How inflammation relates to teno-
synovitis, synovitis, and osteitis in respect to disability is unknown.

In conclusion, in patients with arthritis, we traditionally con-
sider synovitis to be the cause of disability. We have shown that,
additionally, tenosynovitis at the MTP joints is an important feature
that needs to be considered. Appreciating this role of tenosynovi-
tis increases our understanding of walking disabilities in patients
with early arthritis and of functional disability in RA patients.
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Objective. To determine the relative importance weights of items and grades of a newly developed additive
outcome measure called the juvenile idiopathic arthritis (JIA) magnetic resonance imaging (MRI) scoring system for
the temporomandibular joint (TMJ) (JAMRIS-TMJ).

Methods. An adaptive partial-profile, discrete choice experiment (DCE) survey using the 1000Minds platform was
independently completed by members of an expert group consisting of radiologists and non-radiologist clinicians to
determine the group-averaged relative weights for the JAMRIS-TMJ. Subsequently, an image-based vignette ranking
exercise was done, during which experts individually rank ordered 14 patient vignettes for disease severity while
blinded to the weights and unrestricted to JAMRIS-TMJ assessment criteria. Validity of the weighted JAMRIS-TMJ
was tested by comparing the consensus-graded, DCE-weighted JAMRIS-TMJ score of the vignettes with their unre-
stricted image-based ranks provided by the experts.

Results. Nineteen experts completed the DCE survey, and 21 completed the vignette ranking exercise. Synovial
thickening and joint enhancement showed higher weights per raw score compared to bone marrow items and effusion
in the inflammatory domain, while erosions and condylar flattening showed nonlinear and higher weights compared to
disk abnormalities in the damage domain. The weighted JAMRIS-TMJ score of the vignettes correlated highly with the
ranks from the unrestricted comparison method, with median Spearman’s p of 0.92 (interquartile range [IQR] 0.87-0.95)
for the inflammation and 0.93 (IQR 0.90-0.94) for the damage domain.

Conclusion. A DCE survey was used to quantify the importance weights of the items and grades of the JAMRIS-
TMJ. The weighted score showed high convergent validity with an unrestricted, holistic vignette ranking method.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common form of
chronic arthritis in children and youth, with a prevalence of 1 in
1,000 children worldwide (1). In large consecutive series of JIA
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patients, ~40% have been found to develop some degree of
inflaclnmation and structural changes in the temporomandibular
joint (TMJ) (2-4). While arthritis of the TMJ can be asymptomatic
(5), it was recently reported that orofacial pain and functional dis-
ability are common and seem to persist over time in most
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SIGNIFICANCE & INNOVATIONS

+ Adiscrete choice experiment was used to develop a
weighting scheme for the items and grades of a
newly developed magnetic resonance imaging
scoring system for assessing the inflammation
and damage in the temporomandibular joints
(TM)) of children with juvenile idiopathic arthritis
(JAMRIS-TM)).

+ In the inflammatory domain of the scoring system,
the importance weights for joint enhancement
(34% of domain score) and synovial thickening
(31%) were higher than the bone marrow items
(9% and 10%) and effusion (16%).

+ In the damage domain, erosions and condylar flat-
tening were both weighted higher compared to disk
abnormalities (38% and 49% versus 13%).

+ The weighted JAMRIS-TMJ score showed high con-
vergent validity when compared to an unrestricted
image-based method of ranking vignettes (median
Spearman’s p of 0.92 and 0.93 for the 2 domains).

patients, negatively impacting oral health-related quality of life (6).
Early detection of arthritis of the TMJ may facilitate intervention
to prevent joint damage and dysfunction.

Arthritis of the TMJ cannot be assessed comprehensively by
physical examination, ultrasound, conventional radiographs, or
computed tomography imaging (7—13). Contrast-enhanced mag-
netic resonance imaging (MRI) remains the best available diag-
nostic tool as it allows for visualization of both soft tissue and
osteochondral changes in the TMJ. Since many early changes
are subtle, the evaluation of TMJ MRI remains subjective and
necessitates a standardized and feasible outcome measure. To
this end, the JIA MRI working group (JAMRI) within the Outcome
Measures in Rheumatology (OMERACT) research network has
recently developed the JIA MRI scoring system for the TMJ
(JAMRIS-TMJ) (14).

The JAMRIS-TMJ is constructed as a multitem, additive out-
come measure with each joint graded by inflammatory and dam-
age domains. Once the scoring items and feasible grading criteria
are defined, the relative importance weights of the items and their
grades must be determined and validated for deriving composite
domain scores. For example, studies have identified that mild levels
of effusion and synovial enhancement are not specific to TMJ
arthritis (15-17), emphasizing that MRI-observable features and
their levels have different and context-specific importance when
interpreting MRI of TMJs. A discrete choice experiment (DCE) is
helpful in this regard, offering a formalized and quantitative
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approach for eliciting the opinions of an expert panel in defining
the relative importance weights of items in this type of measure
(18-21). For a brief background on DCE, see Supplementary
Appendix A, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24577 /abstract.

In this study, we determined the relative importance weights
of items and grades of the JAMRIS-TMJ using a DCE survey
(22). The resulting weighting scheme enables the calculation of
percentage-wise inflammation and damage domain scores using
the JAMRIS-TMJ method of MRI evaluation. To test the validity of
the elicited weights, we conducted a vignette ranking exercise.
The weighted JAMRIS-TMJ score ranking approach was tested
against a holistic, image-to-image comparison approach as the
reference standard, because the latter method allows greater dif-
ferentiation and does not entail the reductionistic assumptions of
the DCE process or the restrictions inherent in the JAMRIS-
TMJ grading criteria. The specific aims of the study were as fol-
lows: 1) to determine the relative importance weights of the
items and grades in the JAMRIS-TMJ using an adaptive DCE
method within a multicenter, multispecialty group of experts;
and 2) to assess the validity of the DCE-derived importance
weights using an image vignette-based exercise by testing the
correlation of the JAMRIS-TMJ weighted vignette score with
the vignette rank given through a scoring system-independent
method.

MATERIALS AND METHODS

This study was approved by the Research Ethics Board
(REB) of The Hospital for Sick Children (Toronto, Canada; study
reference 1000042164). Information letters were provided to the
participants before each activity to explain the study and that their
voluntary completion and submission of the study surveys consti-
tuted their implied consent to participate in the study. Considering
the practical limitations, and that the imaging exams used for cre-
ating the vignettes were anonymized and retrospective in nature,
written consent requirement was waived by the REB. The study
was conducted in 2 phases, the first being the DCE survey to
develop the relative importance weights, and the second being
the vignette ranking exercise that tested the face and convergent
validity (23) of the DCE-weighted scoring system. Figure 1 sum-
marizes the methods in a flow chart.

DCE survey. An adaptive, partial-profile DCE survey admin-
istered through the 1000Minds software (22) was completed
independently and anonymously by a multidisciplinary group of
experts. Radiologists and other clinicians were invited if they
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Figure 1.

Unweighted JAMRIS-TMJ

Y

Adaptive, Partial Profile DCE Survey (n=19)
Eliciting the item and grade relative weights for the JAMRIS-
TMJ (11 radiologists, 8 clinicians) [Figs.2 & 3, Suppl.B]

Y
19 sets of weights from the 19 "‘

DCE survey participants

i Averaged set of weights for i
i the JAMRIS-TMJ (kept
! hidden) [Table 1] !

14 patient vignettes consisting of
representative TMJ MRI slices [Suppl.C]

Y

Vignette Ranking Exercise (n=21)
Independent ranking of the 14 patient
vignettes for inflammation and
osteochondral damage

Y

Unweighted JAMRIS-TMJ score of the
14 vignettes by consensus agreement of

11 experts [Suppl.F]

A

21 sets of image-based ranks from
the 21 experts for the 14 vignettes

Y

One set of ranks for the 14 vignettes based
on the consensus-graded, DCE-weighted
JAMRIS-TMJ score

Correlation of each of the 21 image-
based vignette rankings with the
weighted score-based ranking
[Fig.4 & Suppl.E]

Flow chart summary outlining the progression of the study tasks in chronological order from top to bottom. First, an adaptive, partial-

profile, discrete choice experiment (DCE) survey was completed individually by a group of experts (n = 19) to determine the importance weights of
the items and grades of the juvenile idiopathic arthritis magnetic resonance imaging (MRI) scoring system for the temporomandibular joint (TMJ)
(JAMRIS-TMJ). Second, blinded to the DCE-derived weights, an image-based vignette ranking exercise was completed individually by experts
(n = 21), producing 21 sets of both the inflammatory disease and osteochondral damage severity rankings for a set of 14 patient vignettes based
on a full-profile, scoring system-independent method of comparison. Then, the item-wise JAMRIS-TMJ grades for the vignettes were agreed
upon by consensus of experts (n = 11), and the DCE-derived weights were applied to obtain the consensus-weighted score for the vignettes
for the 2 domains. Finally, the resulting vignette rankings from the 2 methods were correlated to test for convergent validity of the weighted
JAMRIS-TMJ score. Fig. = figure; Suppl. = Supplementary Appendix, available on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24577/abstract.
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routinely assessed MRIs of the TMJ in patients with JIA. Each
expert participant completed separate DCE surveys for the
inflammatory and damage domains. All discrete choice questions
asked the expert to compare 2 hypothetical sets of findings with
different, nondominating grades in the same 2 JAMRIS-TMJ
domain items and to choose which scenario represented “more
severe disease, assuming all else being equal,” or to rate them
as equal (see Supplementary Appendix B, available on the Arthri-
tis Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24577/abstract). The relative weights were derived
by the 1000Minds software utilizing the PAPRIKA (Potentially All
Pairwise Rankings of All Possible Alternatives) method (22). A
complete set of item- and grade-importance weights was
obtained for each DCE survey participant. The individual sets of
weights were averaged over the entire group of experts to serve
as the relative weights for the scoring system for testing. The
weights were kept hidden until after the ranking exercise.

Vignette ranking exercise. Convergent validity of the
weighted JAMRIS-TMJ was tested through a vignette ranking
exercise conducted by a multidisciplinary group of radiologists
and other non-radiologist clinicians within the JAMRI working
group. Fourteen vignettes representing single TMJs from JIA
patients were constructed from representative slices from each of
the 6 imaging sequences from a TMJ MRI protocol for JIA utilizing
dedicated surface coils (see Supplementary Appendix C, available
on the Arthritis Care & Research website at http://onlineliorary.
wiley.com/doi/10.1002/acr.24577/abstract). The 6 images con-
sisted of 3 precontrast sequences (fat-suppressed sagittal oblique
T2, sagittal oblique proton density-weighted, and coronal
T1-weighted) and 3 gadolinium-enhanced T1-weighted fat-
suppressed sequences in 3 planes (axial, sagittal oblique, and
coronal). Participants independently ranked these vignettes in
increasing order of severity of inflammation and osteochondral
damage, allowing for tied ranks. Item-wise grades of the
14 vignettes achieved by consensus of 2 radiologists (TJ and
ASD) were provided for a subgroup of clinician participants who
do not regularly interpret TMJ MRI exams themselves; hence, they
ranked graded images. To simulate a pragmatic and holistic
method of vignette-to-vignette comparison that is independent of
any scoring method, all participants were instructed not to base
their ranking on any summation of scores, allowing for the possibil-
ity that more important items or certain combinations of item
grades can disproportionally influence the disease severity ranking.

The item-wise JAMRIS-TMJ raw scores for each of the
14 vignettes were decided by consensus during a face-to-face
and video conference meeting among a subgroup of participants
(n = 11) who regularly interpret TMJ MRI examinations. Weighted
JAMRIS-TMJ scores for the 14 vignettes were produced using
these consensus grades and the importance weights derived from
the DCE. The weighted JAMRIS-TMJ score was then correlated
with the ranking provided by each of the participating experts. This

correlation tested the combined impact of several factors related to
the face and content validity of the weighted JAMRIS-TMJ: the
items, grades, and their relative weights; the joint factor indepen-
dence (21), transitivity, and other assumptions of the adaptive
partial-profile DCE method used to derive the weights (22); as well
as the discriminative capacity and feasibility of the grading criteria.

Sample size considerations. The adaptive DCE method
from 1000Minds that we used for generating the weights pro-
vides a complete set of weights for each item and grade level of
the scoring system for every participant (see Supplementary
Appendix A and D, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24577/
abstract) (22). Therefore, the sample size requirement for the
number of participants was not based on quantitative simulations
for model convergence, but instead, on achieving a comprehen-
sive and saturated opinion base that is representative of the level
of heterogeneity among clinicians from multiple centers and spe-
cialties. Convenience sampling from an international research
interest group was used to enroll experts from multiple specialties
for the 2 study exercises. The number of vignettes used for the
ranking was also subjectively determined to provide a balance
between representing the common item combinations across the
spectrum of 2 disease domains and reducing respondent error.

Statistical analysis. In the DCE survey, homogeneity of the
relative weights within the expert group was assessed in 2 ways.
First, the representativeness of the group-averaged set of relative
weights was tested by calculating the Spearman’s rank correlation
coefficients (p) between rankings of all potential item combinations
produced by group-averaged weights and each of the participants’
weights (22). Second, the agreement of the relative weights among
the participants was assessed by calculating the intraclass correla-
tion coefficients (ICC; 2-way random, single measure, absolute
agreement type). In the vignette ranking exercise, agreement in
the vignette rankings among the participants was assessed visu-
ally per vignette by scatterplots and quantitatively by calculating
the ICC of ranks given to each of the 14 vignettes. Spearman’s p
was used for correlating the image-based ranking with the
weighted JAMRIS-TMJ score. For both correlation coefficients,
values <0.4 were defined as poor correlation, 0.41-0.60 as mod-
erate, 0.61-0.80 as substantial, and >0.81 as high correlation.
Statistical analyses were performed using SPSS, version 23. For
further details regarding the DCE survey and the statistical tests
used, see Supplementary Appendix D, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24577/abstract.

RESULTS

Nineteen experts completed the DCE survey in total, including
11 pediatric or maxillofacial radiologists, 7 pediatric rheumatologists
(6 of whom self-identified as not regularly interpreting TMJ
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Figure 2. Scatterplot of the item- and grade-relative weights obtained from the discrete choice experiment survey for the juvenile idiopathic
arthritis magnetic resonance imaging scoring system for the temporomandibular joint inflammatory domain. Relative importance weights from

each of the participants are plotted. Lines indicate the average weight
cians (broken lines and triangles; n = 8) for each of the item grades.

MRIs themselves), and 1 orthodontist, yielding 19 sets of item
and grade weights. Approximately 20-25 discrete choice ques-
tions (see Supplementary Appendix B, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24577/abstract) were
required to obtain a full set of relative importance weights for
the 2 domains of the scoring system for each participant
(Figures 2 and 3): the 5-item inflammatory domain required
between 14 and 18 questions, and the 3-item damage question
required between 5 and 7. The number of questions varied
between the participants due to the differences in opinion and
the order in which the questions were presented (see Supple-
mentary Appendix A and D, available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24577/abstract). Quantitative indi-
ces of the group’s homogeneity on these weights were suffi-
ciently high: the ranking of all possible combinations of items
that is produced from each expert’s weights correlated highly
with the rank produced by the group-averaged weights, with a
median Spearman’s p of 0.96 for the inflammation domain

for radiologists (solid lines and squares; n = 11) and non-radiologist clini-

(interquartile range [IQR] 0.93-0.96) and 0.97 for the damage
domain (IQR 0.95-0.99); group-wide, 19-rater agreement on
these 8 and 5 non-zero weights for the 2 domains was substan-
tial, at 0.71 for the inflammatory domain weights and 0.77 for the
damage domain. Therefore, the average of the 19 sets of
weights from the experts was deemed representative to be used
as the JAMRIS-TMJ weights (Table 1), which were kept hidden
prior to the vignette ranking exercise.

In total, 21 experts, consisting of 11 pediatric or maxillofacial
radiologists, 7 pediatric rheumatologists, 2 oral and maxillofacial
surgeons, and 1 orthodontist (13 overlapping with the experts
who participated in the DCE) completed the vignette ranking exer-
cise. Overall, the ranks given to the 14 vignettes correlated sub-
stantially among the 21 participants, with the ICC of the
inflanlnmatory domain vignette ranking at 0.85, and the damage
domain ranking at 0.91.

The group-averaged relative weights from the DCE survey
revealed several differences between the items of the JAMRIS-TMJ
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Figure 3. Scatterplot of the item- and grade-relative weights obtain

ed from the discrete choice experiment survey for the juvenile idiopathic

arthritis magnetic resonance imaging scoring system for the temporomandibular joint damage domain. Relative importance weights from each
of the participants are plotted. Lines indicate the average weight for radiologists (solid lines and squares; n = 11) and non-radiologist clinicians

(broken lines and triangles; n = 8) for each of the item grades.
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Table 1. Relative importance weights derived from the discrete choice experiment for the items and levels of the juvenile idiopathic arthritis mag-
netic resonance imaging scoring system for the temporomandibular joint*

Grading level and weight

ltem 0 % 1 % 2 %
Inflammatory domain
Bone marrow edema Absent 0 Present 9 - -
Bone marrow Absent 0 Present 10 - -
enhancement
Effusion Normal: <1 mm in the 0 Mild: >1 and <2 mm in the 8 Moderate/severe: >2 mm 16
largest joint recess largest joint recess focally and/or extension to
entire joint
Joint enhancement Normal: no exceeding 0 Mild: localized exceeding 17 Moderate/severe: exceeding 34
joint enhancement joint enhancement joint enhancement diffusely
involving the joint
Synovial thickening Normal: no synovium 0 Mild: <2 mm thickness at 15 Moderate/severe: >2 mm 31
visible the point of maximum
synovial thickening
Damage domain
Condylar flattening Normal round/ovoid 0 Mild: extent of flattening 17 Moderate/severe: extent of 38
shape involves part of the flattening involves the entire
surface of the condyle surface of the condyle, or
loss of height in the condyle
Erosions No irregularities or 0 Mild: presence of 21 Moderate/severe: presence of 49
deep breaks irregularities involving deep breaks in the
only part of the articular subchondral bone seen in 2
surface of the condyle planes, or irregularities
involving the entire articular
surface of the condyle
Disk abnormalities Absent 0 Present 13 = =

* After an image has been graded, the total score for each domain is calculated by adding the percentage weight of each given grade for all
items to yield a scaled percentage disease severity score ranging from 0-100% for each domain separately. Weights presented in this table

are the group-averaged weights from Figures 2 and 3.

and their grade levels (Table 1). Highest grade joint enhancement
showed a 34% relative weight for assessment of inflammation
compared to the highest-grade joint effusion (16%) and bone
marrow enhancement (10%). Condylar flattening and erosions
showed nonlinear changes between grade levels, with the second
grade-level being weighted higher per score than the first.
Differences between the radiologists and non-radiologist clinicians
on the relative weights were not statistically different when
adjusted for multiple testing. The participants agreed that the
group-averaged set of importance weights seem to be an appro-
priate representation of the group’s opinion for use in subsequent
construct validity studies and justifiable considering the current
understanding of TMJ arthritis and the clinimetric properties of
observable items in contrast-enhanced MRI. Nevertheless, in
examining the range of potential item combinations for the
2 domains (up to 108 and 18 for the inflammatory and damage
domain, respectively), it was identified that 3 of 4 potential item-
grade combinations in the damage domain between weighted
scores of 52% to 78% may be quite rare or impossible to obtain:
grade 2 flattening and grade 1 erosions (59%), grade 1 flattening
and grade 2 erosions (66%), both with no disk abnormalities, and
grade 2 erosions with disk abnormalities but no flattening (62%).
The consensus DCE-weighted JAMRIS-TMJ score for the
14 vignettes correlated very highly with the 21 sets of vignette

ranks generated from the image-based ranking exercise, with
median Spearman’s p of 0.92 (IQR 0.87-0.95) for the inflamma-
tory domain and 0.93 (IQR 0.90-0.94) for the damage domain
(Figure 4). Vignettes that received weighted scores placing mid-
way in the disease severity spectrum showed more variability in
the image-based ranking than those with weighted scores near
the 2 extremes (see Supplementary Appendix E, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24577/abstract).
No significant subgroup differences were observed between the
participants who performed the image-only ranking (those who
self-identified as reading TMJ MRIs regularly; n = 15) versus
those who performed the graded image ranking (those who do
not usually interpret TMJ MRIs themselves; n = 6).

The full-profile comparison of the patient vignettes was not
restricted in terms of the items and grading cutoffs of the scoring
system, allowing higher levels of differentiation between disease
stages and therefore a greater potential for disagreement in
vignette ranks between the 2 methods. During the postexercise
discussions, it was identified that there were subtle but apprecia-
ble differences in the image-based ranking of the vignettes that
were not differentiated by change in the JAMRIS-TMJ score.
These scenarios could be described as “high” grade 1 versus
“low” grade 1 within the confines of the grading threshold.
Vignettes with unreliable, borderline grading (e.g., considering a
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Figure 4. Correlation of the vignette ranks produced by the unre-
stricted, image-based ranking method and weighted juvenile idio-
pathic arthritis magnetic resonance imaging (MRI) scoring system for
the temporomandibular joint (TMJ) (JAMRIS-TMJ) score. Separate
Spearman’s rank correlation coefficients (p) are plotted for each of
the participants (n = 21) comparing their image-based ranking of
the 14 patient vignettes with 1 set of consensus-graded, discrete
choice experiment-weighted JAMRIS-TMJ score ranks for the
vignettes. Horizontal lines indicate the median Spearman’s p for each
subgroup of participants: one group ranked the vignettes by the
images only (cross markers and solid lines; n = 15); the other group,
consisting of pediatric rheumatologists who do not regularly interpret
and grade TMJ MRIs themselves, ranked the vignettes by the
unweighted, pre-graded images (circles and broken lines; n = 6).
The data from which these coefficients derive are visualized as scat-
terplots in Supplementary Appendix E, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.
24577/abstract.

feature as “high grade 17 or “low grade 2”) or those that require
knowing the patient’s age or comparison with the contralateral
TMJ challenged the ranking task, especially with regard to inter-
preting condylar flattening and bone marrow changes.

DISCUSSION

In this study, we used an adaptive partial-profile DCE
method to formalize the assignment of quantitative importance
weights to the items and grades of the JAMRIS-TMJ. Synovial
thickening and joint enhancement items were considered by
the expert panel on average twice as important per raw score
compared to the other 3 inflammatory domain items (Figure 2
and Table 1). This finding underlines the diagnostic importance

for contrast administration for assessment of TMJs, although
this has become more restricted in clinical practice due to
potential concerns with cumulative deposition of gadolinium in
the body (24,25). In the damage domain, erosions were
weighted the most important, followed by condylar flattening,
both with nonlinear per score weights, then disk abnormalities
(Figure 3 and Table 1). The nonlinear increase in weights of
grades for these damage domain items better represents the
ordinal scaling of the grading definitions for these items com-
pared to unweighted scoring. In general, the weighting scheme
represents the features of both the progressive and additive
TMJ MRI scoring systems that the JAMRIS-TMJ was derived
from (26-28), emphasizing the diagnostic features with higher
specificity for active inflammation while still allowing for further
differentiation by ancillary items.

The JAMRIS-TMJ grading method focuses on measuring the
items as independently as possible. Synovial thickening is mea-
sured only on fluid-sensitive sequences as presenting with inter-
mediate signal intensity on MRI; pockets of fluid need to be
considered in grading joint enhancement to distinguish them from
enhanced synovium; and the bone marrow edema signal is con-
sidered only on precontrast images (14). To the extent that the
items can be measured independently and that the various com-
binations of these items are realistic and informative, it should be
useful to add these items to produce composite domain scores.
For example, a region of synovium that does not enhance after
contrast may suggest residual pannus from prior disease that is
not currently inflamed, differentiating it from active disease. How-
ever, practical issues still can cause correlation or restriction of
grades between items. When there is severe structural damage
in the joint, some soft tissue components, such as inactive pan-
nus, become difficult to identify and grade. Disease may also be
overestimated when a given finding cannot be reliably attributed
to a specific item: differentiation of soft tissue components is diffi-
cult if not impossible to assess using only postcontrast images,
and comparing postcontrast with corresponding precontrast
images may not always be helpful. Grading of these changes
may be improved with the utilization of measurement aids for dif-
ferent stages of joint inflammation and degeneration such as by
using an imaging atlas (29).

Nonlinearity in the change in weighted JAMRIS-TMJ
score between adjacently ranked vignettes (see Supplementary
Appendix F, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24577 /abstract)
likely resulted from the limited vignette selection. However, it
may also suggest that some theoretical combinations of item
scores in these intervals too rare or transient to be captured. A
cross-sectional study using the scoring system on a large con-
secutive series of patients would be helpful to study the true
prevalence in these intervals of the scoring spectrum.

The chief limitation of this study was that the number of
vignettes that could be rank ordered was relatively low, precluding
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a more complex study design that could directly quantify the
advantage of weighted scores over unweighted scores when cor-
relating to the holistic, image-based rank. To achieve this, it would
be necessary to select the vignettes in a manner that maximizes
the difference between the raw score and the weighted scores,
allowing for a more efficient differentiation between the 2 correla-
tions. Increasing the number of vignettes to serve this purpose
would also be challenging because it would increase the cognitive
burden of ranking, potentially leading the participants to use sim-
plifying heuristics in their comparison of vignettes, and hence,
skewing the way they applied the relative weights. Instead, the
vignettes were selected to better represent the various common
presentations across the entirety of the scoring spectrum in
both domains, thus capturing more of the nuances in item
combinations.

In conclusion, the DCE survey facilitated the development of
relative importance weights of items and grades in the JAMRIS-
TMJ, which showed high convergent validity with a holistic, scoring
system-independent method of image assessment when applied
to rank a series of TMJ MR vignettes. The relative weights derived
from the DCE revealed differences between the items as well as
between the different grades of items, which would not be cap-
tured by the number of grades allotted to the items. The weighting
scheme is therefore crucial for scaling the JAMRIS-TMJ inflamma-
tory and damage domain scores in accordance with the perceived
differences in the items and their grade levels, enabling their appli-
cation as standardized outcome measures in clinical practice and
research, including clinical trials in JIA. Our methodology combin-
ing adaptive DCE with validation by subsequent holistic vignette
ranking exercise could be applied to relative weighting of compo-
nents of other imaging-based grading systems.
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Gout Flare Severity From the Patient Perspective:
A Qualitative Interview Study
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Objective. The patient experience of a gout flare is multidimensional. To establish the most appropriate methods of
flare measurement, there is a need to understand the complete experience of a flare. This qualitative study aimed to
examine what factors contribute to the severity of a flare from the patient perspective.

Methods. Face-to-face interviews were conducted with patients with gout. Participants were asked to
share their experience with their worst gout flare and contrast it to their experience of a less severe or mild
flare. Interviews were audio recorded and transcribed verbatim. Data were analyzed using a reflexive thematic
approach.

Results. In total, 22 participants with gout (17 male participants, mean age 66.5 years) were interviewed at an aca-
demic center in Auckland, New Zealand. Four key themes were identified as contributing to the severity of a flare: 1)
flare characteristics (pain intensity, joint swelling, redness and warmth, duration, and location); 2) impact on function
(including walking, activities of daily living, wearing footwear, and sleep); 3) impact on family and social life (depen-
dency on others, social connection, and work); and 4) psychological impact (depression, anxiety, irritability, and sense
of control).

Conclusion. A wide range of interconnecting factors contribute to the severity of a gout flare from the patient per-
spective. Capturing these domains in long-term gout studies would provide a more meaningful and accurate represen-

tation of cumulative flare burden.

INTRODUCTION

Gout flares (sometimes referred to as “gout attacks” or
“acute gout”) are a characteristic feature of gout and a central
concern to patients (1). An important goal in the management of
gout is complete suppression and prevention of gout flares. How-
ever, there is currently no standardized method for the assessment
of gout flares in clinical trials. Content analyses have shown a wide
variation in methods used to measure and report flares in clinical tri-
als of flare prevention (2,3). The majority of studies capture data
related to flare frequency, with few studies also reporting data related
to flare duration and pain severity (2).

The patient experience of a gout flare is multidimensional
and goes far beyond the data routinely captured in clinical trials.
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A recent meta-synthesis of qualitative studies illustrated the
impact of gout flares on many aspects of patients’ lives, includ-
ing physical, social, and family life and psychological well-being
(4). The interconnecting nature of these domains highlighted
the complexity of the flare experience, but it remains unclear
which aspects of a flare are most important to patients in
influencing the overall flare burden.

Establishing meaningful flare reporting in clinical trials would
involve defining the most appropriate methods of gout flare mea-
surement. An important step in achieving this is to better under-
stand, from the patient perspective, which factors make the
experience of a flare more or less severe. This qualitative study
aimed to examine what factors contribute to the severity of a
gout flare from the patient perspective.
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SIGNIFICANCE & INNOVATIONS

+ This is the first study to examine factors contribut-
ing to the overall severity of a flare from the patient
perspective.

+ Multiple interconnected domains contribute to the
overall severity of a flare; flare characteristics,
impact on function and activities of daily living, psy-
chological impact, and impact on family and social
life were the key themes.

+ Measuring these domains in studies assessing flare
management or prevention may provide a more
meaningful and accurate representation of cumula-
tive flare burden from the patient perspective.

PATIENTS AND METHODS

Participants. Participants were recruited through existing
databases of patients with gout who had participated in research
at the Clinical Research Centre, University of Auckland, New Zealand
and consented to be contacted for future studies. Purposive sam-
pling was used to ensure a broad and diverse representation of
demographic variables (age, ethnicity, sex) and gout disease charac-
teristics (disease duration, tophaceous gout, flare frequency). Partic-
ipants were included if they had gout according to the 2015
American College of Rheumatology/European Alliance of Associa-
tions for Rheumatology gout classification criteria (5), if they had at
least 1 gout flare in the last 12 months, if they were age >18 years,
and if they were English speaking. Participants were excluded if they
had a cognitive impairment that would preclude completion of the
interview or had other forms of inflammatory arthritis. Ethics approval
was obtained from the University of Auckland Human Participants
Ethics Committee (UJAHPEC 023965), and all participants provided
written informed consent.

Data collection. In-depth, semistructured face-to-face
interviews were conducted by a rheumatologist who was not
involved in the medical care of the participant (AG-G). Participants
were asked to share their experience of flares during the course of
their disease by recalling their worst gout flare as well as a less
severe/mild gout flare in order to capture factors contributing to
overall flare severity. An interview schedule containing key focused,
open-ended questions and probes was used to encourage conver-
sation. These questions included: “Can you tell me about the worst
gout flare you have had?” “What was it about this flare that made it
so severe?” “Can you tell me about a mild gout flare?” and “What
was it about this flare that made it less severe?” The questions and
probes were elicited from a meta-synthesis of qualitative studies
reporting the patient experience of gout flares (4).

The interviews took place in a private room at the Clinical
Research Centre (University of Auckland, New Zealand) and
lasted between 20 and 45 minutes. Each interview was digitally
audio recorded, transcribed verbatim, and anonymized to ensure

confidentiality. Participants had the opportunity to review the tran-
scripts to check for completeness and representativeness.
Demographic and clinical data were also obtained during the par-
ticipants’ study visit, including age at onset of gout, ethnicity, and
presence and history of clinical features of gout and treatment.

Data analysis. Data collection and analysis occurred simul-
taneously, and initial results informed successive sampling and
data collection as themes emerged. Interviews continued until
no new themes were identified from the data and the purposive
sampling framework was completed. Data was analyzed using a
reflexive thematic approach (6). Transcripts from the interviews
were read and re-read to immerse the researcher in the data.
Emergent themes identified from the transcripts were initially
coded and categorized by a single researcher (AG-G) using NVivo
software, version 12 (QSR International Property). Initial codes
and concepts were reviewed by 2 further researchers (SS and
IS), and final codes were then grouped into potential themes and
subthemes. The researchers met regularly to discuss the data
throughout the analysis stage, and the final themes were defined,
named, and agreed upon by all authors. lllustrative quotes from
transcripts were selected to provide evidence for each theme
and subtheme.

RESULTS

Study participants. A total of 22 participants with gout
were interviewed. There was diversity across age, sex, ethnicity,
and clinical features (Table 1).

Themes. Four key themes were identified from the data.
Participants described the characteristics of the flares, impact
on physical function and activities of daily living, impact on social
and family life, and psychological impact as contributing to the
overall severity of a flare. lllustrative quotes are shown in
Tables 2-5. A thematic map showing the 4 themes and sub-
themes is provided in Figure 1.

Gout flare characteristics. Pain intensity was reported by all
participants as contributing to gout flare severity. Participants
described the pain of a severe flare as “intense,” “extreme,”
“excruciating,” “horrible,” and “horrendous.” Several participants
also described it as the worst pain they had ever experienced,
which for some was worse than a broken bone, abdominal sur-
gery, or giving birth. The pain of a severe gout flare was described
as constant and unchanging with no ability to alleviate it. Many
participants described the intensity of pain using a numeric rating
scale that varied from 6 to 11 of 10. In contrast, the pain of a mild
flare was described as “uncomfortable” and “awkward.” The pain
of a mild flare was compared to having tight muscles, exercise-
related soreness, feeling very stiff, or stubbing a toe. Mild flares
were described with numeric pain ratings ranging from 2 to
4 0of 10.
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Table 1. Participant demographic and clinical characteristics
(n=22)

Characteristic Value

Sex

Male 17 (77)

Female 5(23)
Age, median (range) years 67 (27-84)
Ethnicity

New Zealand European 12 (55)

Maori 5(23)

Asian 3(14)

Pacific peoples 2(9)
Disease duration, 10.5

median (range) (6 months-35 years)

Age at onset of gout, median (range) years 48.5 (20-81)
No. of flares in the last 12 months
1-4 16 (73)
5-9 2(9)
>10 4(18)
Tophaceous gout 5(23)
Last serum urate level, median (range) 0.31 (0.18-0.64)
mmoles/liter
Urate-lowering therapy
Allopurinol 18 (82)
Febuxostat 1(5)
Allopurinol plus probenecid 1(5)
None 29

* Values are the number (%) unless indicated otherwise.

A severe gout flare was also accompanied by intense joint swell-
ing, warmth, and redness. Participants described worsening of these
symptoms as the flare progressed. In contrast, participants noted a

Table 2. Quotes illustrating flare characteristics*

low level or complete absence of these characteristics during mid
flares.

Flare duration was an important factor in contributing to flare
severity. Participants described a severe flare as lasting multiple
days and even for weeks, while mild flares resolved much more
quickly, sometimes within hours.

The location of the gout flare also influenced overall flare
severity. Gout flares affecting larger joints, such as the knees, cre-
ated greater functional difficulty than flares in smaller joints, such
as the feet. Some participants also felt that flares involving joints
that were easier to rest and had less impact on functional activi-
ties, such as wrists, were less severe compared with flares involv-
ing joints required for mobility, including feet and ankles.

Impact on function. The level of disability also influenced
overall flare severity. During severe flares, walking was described
as extremely difficult or completely impossible. Performing any
function involving weightbearing, including standing, exacerbated
the pain of the flare. Participants could be completely immobile
during a severe flare and had to stay seated in a chair or lying in
bed, while others described using a wheelchair or crawling or
hopping to move around. In contrast, the ability to walk was not
affected to the same extent during a mild flare. Although walking
was still difficult and uncomfortable for some, the milder symp-
toms meant that it was easier to move around compared to a
severe flare.

Participants described greater difficulty with activities of daily
living during severe flares. Tasks such as holding a mug, getting

Subtheme Severe flares

Mild flares

Pain intensity

Maori).

Joint swelling,

redness, ones” (Participant 16, F, 68 years, NZ European).
warmth
Duration “Seven, 8 days, | was in real pain, and then it subsided, bit by bit”
(Participant 10, M, 73 years, NZ European).
Location “It was 2 joints at the same time. And it was the same leg, so moving

was especially hard” (Participant 12, M, 48 years, Asian).
“Depending on where itis, like, even a mild one in my knees is still...

incapacitating” (Participant 8, M, 44 years, Maori).

“[It's]just so intense...it's one of the worst pains I've ever had. I've had
abdominal surgery, and it's not as bad as the gout” (Participant 3,
M, 59 years, NZ European). “I've had broken ankles and broken
knees and joints and stuff like that and | would rate those pain as,
probably, out of 10, probably up in about 6, 7. But the gout would
sit pretty close to a 9” (Participant 5, M, 57 years, Maori). “It's like
someone’s stabbing me with a bottle” (Participant 8, M, 44 years,

“When it flares up, it's just redder and tighter than the not-so-bad

“You can feel it, it's there, but it's not a real, serious one...
you can just sort of sense it, you know it's there”
(Participant 6, M, 72 years, Asian). “It's somewhere
more in background than in the foreground. Probably
maybe more like a 4 out of 10, or something like that,
and so you can sort of cope with it a bit more”
(Participant 11, M, 57 years, NZ European). “It's a bit
like if you're walking around the house in bare feet
and you stub your toe—you accidentally kick a piece
of furniture with your toe—and it hurts. It feels like
that” (Patient 9, M, 69 years, NZ European).

“There was no redness, no nothing” (Participant 21, F,
73 years, NZ European).

“It's just probably less than 24 hours or 24 hours”
(Patient 14, M, 60 years, Asian).

“But like if it's in the side of my foot, or my toe, or you
know, you can sort of manage it...I can go to work. It's
not comfortable, but it's tolerable, if you know what |
mean?” (Participant 8, M, 44 years, Maori). “l would
rather have it in the wrist than in the foot. [If] it was on
the wrist | could manage it more. | mean, with your
foot, I'm not, like, flexible, so it's hard to do anything
with it. With the wrist, it's just much, much easier,
‘cause | can rest it anywhere” (Participant 12, M,

48 years, Asian).

* NZ = New Zealand.
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Table 3. Quotes illustrating the impact on physical function and activities of daily living*

Subtheme Severe flares Mild flares
Walking “I thought that using a [walking] stick might help to walk around; it~ “Itis a bit sore, but I can still walk and move around. It's a
ability didn't help anything” (Participant 18, F, 61 years, Maori). “l had to bit easier to manage” (Participant 17, M, 27 years,
ask the person that takes the wheelchair people if | could get a Pacific Island). “Walking becomes a little bit more
ride - | couldn't walk” (Participant 4, M, 59 years, Maori). difficult, but not impossible” (Patient 7, M, 82 years,
NZ European).
Impact on “l had trouble driving. [It] was difficult changing gear in a right-hand ~ “You can't go right back to normal lifestyle, but you can
activities of drive car. So you're changing gear with your left hand” do things, more things, than [if] it was severe”
daily living (Participant 1, M, 74 years, NZ European). “When it's at its worst, (Participant 19, M, 30 years, Pacific Island).
| [wasn't] able to move my arm...it was difficult to even just get
out of bed...shower, toilet. All those daily things, it was just, pretty
much, very difficult” (Participant 19, M, 30 years, Pacific Island).
Ability to “It makes it very difficult to put proper shoes on, you've got to then  “Sneakers - they're alright when it's mild - you sort of

wear g0 to a sandal-type thing until it reduces” (Participant 21, F,

footwear 77 years, NZ European).
Impact on “When it hits hard, you can't even put a sheet over because it hurts
sleep at night. And if you move at night it just hurts, so you keep

waking up” (Participant 12, M, 48 years, Asian). “In bed, at night-

feel like maybe it's just keeping [the foot] still. Whereas
you can't stand it being firm when it's really bad”
(Participant 16, F, 68 years, NZ European).

“When it's [not] really bad, usually you can sleep, getin a
position where it's comfortable and you're not feeling
anything” (Participant 8, M, 44 years, Maori).

time...it'll be throbbing and aching and hot. It makes it harder to
get off to sleep” (Participant 20, F, 84 years, NZ European).

* NZ = New Zealand.

out of bed, showering, going to the toilet, and walking up and
down stairs were difficult during severe flares. In contrast, during
mild flares, participants were still able to participate in most daily
activities, even working out or playing golf.

Gout flare severity was also influenced by the ability to wear
footwear. During severe flares, many were unable to wear shoes
at all due to the accompanying swelling and pain. Some partici-
pants opted for more open-style or looser fitting shoes, such as
sandals or jandals (flip-flops) or wore different shoes on each foot.
In contrast, during mild flares, participants were often able to wear
firmer, fitting sneakers, which could not be worn during a
severe flare.

Most participants had difficulty sleeping during severe flares.
The affected area was described as hypersensitive. Participants
described difficulty finding a comfortable position to sleep in, with
even the slightest movement causing pain. Pillows were used in
an attempt to relieve pressure in the area and find a position that
was comfortable enough to sleep in. The pain would sometimes

Table 4. Quotes illustrating the impact on family and social life*

wake participants up and prevent them from getting back to
sleep. In contrast, during mild flares, the pain did not always wake
participants from sleep, and participants found it easier to find
comfortable positions.

Impact on family and social life. During severe flares, par-
ticipants reported being dependent on others, including rely-
ing on family members to bring them things around the
house, asking others to drive the car, and push them in a
wheelchair.

A severe gout flare disrupted social connections, leading to
physical and psychological withdrawal from family and friends.
During a severe flare, participants wanted to be left alone and
did not want to interact with their spouses or children.

During severe flares, many participants had to take days off
work. For others who attended work, they described staggering
around or remaining seated. Not being able to walk or drive meant
that some participants had no way of getting to work during
severe flares. In contrast, during a mild flare, participants did not

Subtheme Severe flares Mild flares
Dependency on “l was dependent on mum and dad, and just my little sisters  No relevant quotes
others to get me things around the house” (Participant 17, M,

27 years, Pacific Island). “l remember my wife driving the
car for me” (Participant 15, M, 78 years, NZ European).

“I'l withdraw from my engagement with family and friends
and what | might be doing, and so, they'll notice that you're
off the grid” (Participant 11, M, 57 years, NZ European).

“l had to take a week off. Oh, 4 and a half days off work. Lucky
I'have an understanding boss” (Participant 12, M, 48 years,
Asian).

Social connection

Impact on work

No relevant quotes

“| can still go to work; it's still not ideal or comfortable, but |

don't have to waste a sick day on not going” (Participant
8, M, 44 years, Maori). “Never had to take days off with a
mild one” (Participant 17, M, 27 years, Pacific Island).

* NZ = New Zealand.
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Table 5. Quotes illustrating psychological impact*

Severe flares

Mild flares

“| felt horrible. I've been suicidal...and when | got the gout it played
around with my mind” (Participant 18, F, 61 years, Maori).

“You're all the time worrying about not hitting it against something or
somebody just bumping you” (Participant 16, F, 68 years, NZ
European).

“[With a severe flare] you don't have a lot of patience, even the cat kept
away from me” (Participant 9, M, 69 years, NZ European).

“Just knowing that it's out of my control - like, no matter how much
meds | take, doesn't really mean that it will stop the flare”
(Participant 17, M, 27 years, Pacific Island).

“No [it didn't impact my mood]. | had come to accept it for what it was”
(Participant 2, M, 65 years, NZ European).
No relevant quotes

No relevant quotes
“All the others | knew instantly what it was...| could feel it coming on...

and so | got on the drugs as quickly as | could” (Participant 2, M,
65 years, NZ European).

* NZ = New Zealand.

have to take days off work and were able to comfortably perform
sedentary or computer-based tasks.

Psychological impact. A severe flare led to feelings of help-
lessness and not being able to escape the pain. Participants
experienced depression and low mood at the time of a severe
flare. Participants also reported feeling anxiety and constantly
worried about someone bumping them and exacerbating the
pain. During milder flares, participants felt anxious about whether
the flare would get worse, while other participants experienced
less worry, as they knew it would get better again.

In a severe flare, many participants felt irritable. Not being
able to do anything and having to take time off work resulted in
frustration. During severe flares, participants also reported losing
patience with others and became grumpy and cranky around
family members, including their children. In contrast, participants
described feeling only slight frustration during mild flares.

Another important contributor to the overall severity of flares
was the sense of control. For many participants, their worst gout
flare was their first one because they had never experienced any-
thing like it and did not understand what was happening. Feelings
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Joint
swelling,
redness,

warmth

Location

Impact on
walking

Footwear Work

Figure 1.

Impact on
activities of
daily living

Dependency

Impact on family &

social life

Duration

Sense of

control
Irritability Anxiety

Social ]

: Depression
connection

Mind map representing the 4 key themes and subthemes contributing to the overall severity of a gout flare.
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of shock and an inability to control the symptoms contributed to
the severity of the flare. During mild flares, participants described
being able to sense a flare coming on. Knowing what to expect
made the situation less shocking, and participants were able to
initiate treatment quickly, which also prevented the pain from
reaching the same peak as a severe flare.

DISCUSSION

This qualitative study provides in-depth insights into factors
that contribute to the overall severity of a gout flare from the
patient perspective. Although numerous studies have reported
on the patients’ experience of flares (summarized in ref. 4), this is
the first study to specifically examine what factors contribute to
the severity of a flare from the patient perspective. The impact of
flare characteristics on function and activities of daily living, psy-
chological impact, and impact on family and social life were the
key themes.

Pain intensity was the dominant reported flare characteristic
distinguishing a severe flare from a mild flare. The importance of
pain is also reflected in its inclusion as a mandatory outcome
measure proposed by Outcome Measures in Rheumatology
(OMERACT) for acute and chronic gout studies (7). The experi-
ence of pain varied greatly between severe and milder flares. In
the current study, mild flares, which were given ratings of between
2 to 4 on a 0-10-point pain scale, may not all have met the
recently validated Gaffo definition of a flare, which requires a pain
rating of at least 3 (8). This highlights the variability in pain intensity
of a flare, which may not be comprehensively captured with a
binary (present/absent) definition of a flare.

Physical disability, including difficulty walking and performing
other activities of daily living, coupled with reliance on family mem-
bers for assistance, were also commonly identified factors
influencing the perceived severity of a flare. Feelings of depres-
sion, anxiety, and irritability also contributed to the overall severity
of a flare. Previous research has shown associations between
decreased physical and mental well-being and flare frequency
(9). Flare frequency is also important to the patient perception of
being in a state of low disease activity or remission (10). Given
the intermittent nature of the flare experience and the complete
resolution of symptoms between flares, the extent to which these
factors contribute to the cumulative burden of flares over time
would be of interest.

Sense of control was an important psychological factor con-
tributing to the patient perception of flare severity. Knowledge and
experience of previous flares, not present during a patient’s first
gout flare, meant that patients were able to initiate treatment to
control the symptoms and prevent it from escalating into a more
severe flare. These findings align with previous work, which has
shown that patients who have a greater perceived understanding
of the iliness report more personal- and treatment-related control
of the disease (11).

In this study, multiple domains contributed to the overall severity
of a flare. These findings are consistent with previous work, which
has shown that the experience of a gout flare is multidimensional
with several interconnecting factors (4,12). However, it is unclear
how much the overall severity of a flare is driven by pain alone. For
example, severe flares were associated with greater pain intensity,
which then impacted on patients’ ability to function and therefore to
attend work and undertake usual activities, which in turn impacted
psychological health. Further work is warranted to determine the rel-
ative importance of factors that influence the overall severity of indi-
vidual flares as well as the cumulative burden of flares over time.

This study has a number of strengths and limitations. First,
the purposeful sampling method ensured that participants repre-
sented a wide range of demographic and clinical features of gout,
which provides a diverse view of different patient experiences. How-
ever, participants were predominantly male, and although this reflects
the sex differences in gout prevalence, this may reduce generalizabil-
ity of the findings to female patients with gout. A further strength was
the continuation of recruitment and analysis until theoretical saturation
was reached, which provides confidence that a comprehensive
understanding of the patient perspective was covered.

In conclusion, this qualitative study identified 4 key domains
that together contribute to the overall severity of a gout flare from
the patient perspective. In addition to flare characteristics, impact
on function, psychological health, and family and social life all con-
tribute to the severity of a gout flare. Measuring these domains in
long-term studies assessing flare management or prevention, in
addition to simply measuring reductions in flare frequency, would
provide a more meaningful and accurate representation of cumu-
lative flare burden from the patient perspective.
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Objective. To describe the baseline characteristics of patients with positivity for antiphospholipid antibodies (aPLs)
who were enrolled in an international registry, the Antiphospholipid Syndrome (APS) Alliance for Clinical Trials and Inter-
national Networking (APS ACTION) clinical database and repository, overall and by clinical and laboratory subtypes.

Methods. The APS ACTION registry includes adults who persistently had positivity for aPLs. We evaluated baseline
sociodemographic and aPL-related (APS classification criteria and “non-criteria”) characteristics of patients overall
and in subgroups (aPL-positive without APS, APS overall, thrombotic APS only, obstetric APS only, and both throm-
botic APS/obstetric APS). We assessed baseline characteristics of patients tested for the presence of three aPLs
(lupus anticoagulant [LAC] test, anticardiolipin antibody [aCL], and anti—B,-glycoprotein | [anti-B,GPI]) antibodies by
aPL profiles (LAC only, single, double, and triple aPL positivity).

Results. The 804 aPL-positive patients assessed in the present study had a mean age of 45 + 13 years, were 74%
female, and 68% White; additionally, 36% had other systemic autoimmune diseases. Of these 804 aPL-positive
patients, 80% were classified as having APS (with 55% having thrombotic APS, 9% obstetric APS, and 15% throm-
botic APS/obstetric APS). In the overall cohort, 71% had vascular thrombosis, 50% with a history of pregnancy had
obstetric morbidity, and 56% had experienced at least one non-criteria manifestation. Among those with three aPLs
tested (n = 660), 42% were triple aPL—positive. While single—, double—, and triple aPL—positive subgroups had similar
frequencies of vascular, obstetric, and non-criteria events, these events were lowest in the single aPL subgroup, which
consisted of aCLs or anti-p,GPI only.

Conclusion. Our study demonstrates the heterogeneity of aPL-related clinical manifestations and laboratory pro-
files in a multicenter international cohort. Within single aPL positivity, LAC may be a major contributor to clinical events.
Future prospective analyses, using standardized core laboratory aPL tests, will help clarify aPL risk profiles and
improve risk stratification.

INTRODUCTION

Antiphospholipid syndrome (APS) is characterized as an
autoimmune disease marked by thromboses and/or pregnancy
morbidity with persistent positivity for antiphospholipid antibodies
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(@PLs), lupus anticoagulant (LAC) test, anticardiolipin antibodies
(aCLs), and/or anti-B,-glycoprotein | (anti-B.GPI) antibodies, as
defined by the revised Sapporo criteria for APS (1,2). Other well-
recognized “non-criteria” clinical manifestations may occur in
aPL-positive patients, including thrombocytopenia, autoimmune
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SIGNIFICANCE & INNOVATIONS

+ Using the multicenter, international Antiphospho-
lipid Syndrome (APS) Alliance for Clinical Trials and
International Networking (ACTION) registry, we
described baseline clinical and laboratory charac-
teristics of patients with persistent positivity for
antiphospholipid antibodies (aPLs), including 36%
of patients with other systemic autoimmune dis-
ease included in this registry.

« One-fifth of the registry patients did not fulfill clini-
cal classification criteria for clinical APS. Among the
registry patients, 71% experienced vascular events,
25% had aPL-related obstetric morbidity, and 56%
had at least one other non-criteria clinical aPL man-
ifestation, most commonly thrombocytopenia and
white matter lesions of the central nervous system.

+ Although single-, double-, and triple-aPL-sub-
groups had similar frequencies of vascular, preg-
nancy, and non-criteria events, these events were
less common in the single aPL subgroup after
excluding LAC-positive patients, suggesting the
importance of LAC positivity in APS.,

« Future prospective analyses, using standardized
core laboratory testing for aPLs, will help clarify risk
profiles for individuals with aPL positivity.

hemolytic anemia, livedo reticularis, aPL-associated nephropathy,
cardiac valve disease, cognitive dysfunction, and skin ulcers (1,3).
APS can occur in isolation (primary APS) or in association with
other autoimmune diseases, most notably systemic lupus erythe-
matosus (SLE) (4).

Patients with positivity for aPLs can have heterogeneous clin-
ical manifestations, including asymptomatic aPL positivity
(no thrombosis or pregnancy morbidity), thrombotic APS (which
is characterized by venous, arterial, or microvascular involve-
ment), and obstetric APS (which is characterized by pregnancy
complications such as fetal loss, recurrent early miscarriages, pla-
cental insufficiency, or preeclampsia). Furthermore, not every
positive result for aPL testing is clinically significant, and transient
low titer aPL positivity may occur in settings of infection or malig-
nancy (5,6). Despite accumulating data showing an important role
for aPL laboratory profiles in APS assessment (7-9), the risk of
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aPL-related clinical events by aPL laboratory profile remains
under investigation. Few large cohorts have estimated the preva-
lence of aPL-related clinical manifestations (10-12). Furthermore,
the distribution of demographic and clinical factors by aPL-related
clinical subtypes or laboratory profiles is not well-established.

The Antiphospholipid Syndrome Alliance for Clinical Trials
and International Networking (APS ACTION) is an international
network established in 2010 to conduct large-scale multicenter
studies and clinical trials in persistently aPL-positive patients (2).
The APS ACTION clinical database and repository (“registry”)
was created to study the natural course of persistently aPL-
positive patients with or without autoimmune disorders. See
Appendix A for APS ACTION registry investigators and their loca-
tions. In the present study, our primary objective was to retro-
spectively evaluate the baseline demographic and clinical
characteristics of aPL-positive patients enrolled in the APS
ACTION registry since 2010, overall and by clinical subtype (aPL
positive without APS classification, thrombotic APS, and obstetric
APS). Secondly, we also assessed the clinical characteristics of
aPL-positive patients who were tested at baseline for all three
“criteria” aPLs (LAC, aCLs, and anti-B,GPI antibodies), catego-
rized by aPL profile (LAC positivity only and single, double, and tri-
ple aPL positivity).

PATIENTS AND METHODS

APS ACTION registry and data collection. The inclu-
sion criteria for the APS ACTION Registry were the following: indi-
viduals ages 18 to 60 years with persistent positivity for aPLs
(at least 12 weeks apart) according to the revised Sapporo criteria
(1), within 12 months prior to screening. Patients referred to APS
ACTION sites were referred from hospital or outpatient settings
and had received aPL testing for a variety of reasons such as
thrombosis, pregnancy morbidity, false-positive serologic test for
syphilis, prolonged activated partial thromboplastin time, throm-
bocytopenia, or concomitant systemic autoimmune diseases. As
part of the registry entry criteria, patients must have had persis-
tent aPL positivity prior to registry entry. Positivity for aClLs and/or
anti-B>,GPI antibodies was defined as an individual having IgG,
IgM, or IgA titers of >40 units/ml (medium-to-high titers). LAC
activity was detected by coagulation assays according to the
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International Society on Thrombosis and Hemostasis guidelines
for lupus anticoagulant detection (13).

An international web-based application, REDCap, was used
to store and manage data on baseline sociodemographic infor-
mation, aPL-related clinical events, pregnancy history, medica-
tions, and laboratory profile (14). Blood samples were also
collected at registry entry for confirmation of aPL positivity.
Patients were followed every 12 + 3 months with clinical data
and blood collection, or at the time of a new aPL-related thrombo-
sis and/or pregnancy morbidity.

Study cohort. All participants who were persistently posi-
tive for aPLs and who were enrolled in the APS ACTION registry
between May 2010 and March 2019 were included in the study
cohort. We categorized patients into two groups by clinical sub-
type at baseline— 1) patients who had positivity for aPLs without
APS and who met laboratory criteria for APS classification, but
not the clinical revised Sapporo criteria (1) and 2) patients with
overall APS who met both laboratory and clinical criteria for defi-
nite APS. Patients with overall APS were further categorized into
three mutually exclusive groups as follows: 1) patients with throm-
botic APS, which is defined by a history of any vascular event
(including any arterial thrombosis, venous thrombosis, or micro-
vascular involvement, but excluding only superficial vascular
thrombosis); 2) patients with obstetric APS, which is defined by
a history of any pregnancy morbidity event (defined by the revised
Sapporo classification criteria [1]); and 3) patients with thrombotic
APS/obstetric APS, who were defined as individuals who have
experienced any vascular thrombosis event and any pregnancy
morbidity event (Table 1).

After categorizing patients into subgroups, we evaluated the
baseline laboratory profiles of aPL-positive patients in the registry.
We assessed the baseline clinical characteristics of aPL-positive
patients with different laboratory profiles (single, double, and triple
aPL positivity) among patients tested for all three aPLs (LAC,
aClLs, and anti-B,GPI antibodies). We also subcategorized the
subgroup with single aPL positivity by separately evaluating those
with LAC only and those with single aPL positivity excluding LAC
(Table 2). For the purposes of this study, positivity for aCL IgG,
IgM, and IgA and anti-B.GPI IgG, IgM, and IgA was defined as a
patient having a titer of >40 units, with the highest titer among all
test results taken into consideration during analysis.

Data collection for baseline characteristics. Demo-
graphic characteristics collected included mean age, race
(White, Latin American Mestizo, Asian, Black, or “Other”), ethnic-
ity (Non—-Latin American or Latin American [for the US, Canada,
and Europe], Afro-descendent, Mestizo, or Caucasian [for South
America], Afro-descendent [for South Africa], or “Other”), and
region of residence (Europe, North America [for the US and
Canada], Latin America, and Asia-Pacific). Clinical manifestations
were subgrouped into vascular events (arterial thrombosis,

venous thrombosis, microvascular involvement), catastrophic
APS (CAPS), pregnancy morbidity, and “other.” Other clinical
manifestations included livedo reticularis/racemosa, persistent
thrombocytopenia defined as a platelet count of <100,000 per
microliter tested twice at least 12 weeks apart, autoimmune
hemolytic anemia, echocardiography-proven cardiac valve dis-
ease, aPL-related nephropathy, skin ulcers, chorea, seizure dis-
order, radiographic white matter lesions (only identified in those
patients who had magnetic resonance imaging performed), and
neuropsychiatric test—proven cognitive dysfunction (Supplemen-
tary Table 1, available at http://onlineliorary.wiley.com/doi/10.
1002/acr.24468/abstract). CAPS was defined as “definite” or
“probable” based on the international consensus statement on
classification criteria and treatment guidelines for CAPS (15). Past
and current medications, including aspirin, warfarin, low molecu-
lar weight heparin, direct oral anticoagulants, glucocorticoids,
hydroxychloroquine, intravenous immunoglobulin, rituximab, aza-
thioprine, cyclophosphamide, cyclosporine, methotrexate, and
mycophenolate mofetil, were collected at the time of registry
entry.

Study design and statistical analysis. Data from the
APS ACTION registry were locked in March 2019. First, we evalu-
ated the baseline demographic and clinical characteristics of aPL-
positive patients overall, and by clinical subtype: aPLs without
APS, APS (overall), obstetric APS, thrombotic APS, and throm-
botic APS/obstetric APS. We also classified aPL-positive patients
(overall and by aPL-related clinical subtypes) as having primary
aPL/APS or aPL/APS with other systemic autoimmune disease,
including SLE, rheumatoid arthritis, mixed connective tissue dis-
ease, Sjdgren’s syndrome, systemic sclerosis, inflammatory mus-
cle disease, and vasculitis.

Second, we assessed the clinical characteristics of aPL-
positive patients with different baseline laboratory profiles (LAC
positivity only, single aPL positivity, single aPL positivity after
excluding LAC positivity, double aPL positivity, and triple aPL pos-
itivity), among patients tested for all three aPLs. Descriptive statis-
tics were used to describe continuous variables (mean + SD,
minimum, median, and maximum).

RESULTS

Baseline characteristics in overall cohort. As of
March 2019, 804 patients who were persistently positive for
aPLs were enrolled from 26 centers worldwide (mean age of
45 + 13 years at study entry, with 594 [74%)] of patients being
female, 546 [68%)] being White, 87 [11%] being Latin American
Mestizos, 387 [48%)] from Europe, and 232 [29%)] from North
America). Table 1 shows the baseline demographic and clinical
characteristics of aPL-positive patients at registry entry, both
overall and by clinical subtype. In the study cohort, 642 (80%)
of patients met the clinical criteria for definite APS; among these
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Table 1. Baseline demographic and clinical characteristics of patients with positivity for aPLs between different groups of aPL-positive patients
included in the APS ACTION registry according to aPL-related clinical phenotype (2010-2019)*

Patients with

aPL positivity Patients with  Patients with  Patients with  Patients with

All patients, without APS, APS (overall),  OAPS only, TAPS only,  TAPS + OAPS,
(N = 804) 162 (20) 642 (80) 74 (9) 446 (55) 122 (15)
Primary aPL/APS 516 (64) 89 (55) 427 (67) 55 (74) 295 (66) 77 (63)
Concomitant systemic autoimmune diseaset 288 (36) 73 (45) 215 (33) 19 (26) 151 (34) 45 (37)
SLE 242 (30) 60 (37) 182 (28) 15(20) 129 (29) 38 (31)
Sociodemographic characteristics
Age at registry entry, 4512 £13 4380413 4545 £ 13 447 £ 11 46.69 £ 14 4334 £ 12
mean + SD years
Female sex 594 (74) 127 (78) 467 (73) 74.(100) 271(61) 122 (100)
Racet
White 546 (68) 118 (73) 428 (67) 52 (70) 305 (68) 71(58)
Latin American Mestizos 87 (11) 6 (4) 81(13) 6(8) 47 (11) 28 (23)
Asian 56 (7) 17 (10) 39 (6) 8(11) 24 (5) 7 (8)
Black 26 (3) 7 (4) 19(3) 2(3) 12(3) 5(4)
American Indian or Alaskan 2 1(1) 1 0 1 0
Native American 0 0 0 0 0 0
Reported as “other”8§ 14 (2) 2 12(2) 1(1) 9(2) 2(2)
Ethnicity9]
US, Canada, and Europe 377 (47) 92 (57) 285 (44) 43 (58) 201 (45) 41 (34)
Non-Hispanic 356 (44) 88 (54) 268 (42) 38(51) 194 (43) 36 (30)
Hispanic 21(3) 4(2) 17 (3) 5(7) 7 (2) 5 (4)
South America 137(17) 8 (5) 129 (20) 8(11) 82 (18) 39(32)
Mestizos 72(9) 2(1) 70(11) 4(5) 42 (9) 24(20)
Caucasian 47 (6) 4(2) 43 (7) 2(3) 31(7) 10 (8)
African descendent 18 (2) 2(1) 16 (2) 2(3) 9(2) 5 (4)
Other# 135(17) 35(22) 100 (16) 16 (22) 65 (15) 19 (16)
Australia 4(1) 0 4(1) 0 2 22)
Not Aboriginal 4(1) 0 4(1) 0 2 2(2)
Aboriginal 0 0 0 0 0 0
Region of residence
Europe 387 (48) 84 (52) 303 (47) 37 (50) 221 (50) 45 (37)
North America 232 (29) 60 (37) 172 (27) 23(31) 117 (26) 32 (26)
us 201 (25) 56 (35) 145 (23) 21(28) 95 (21) 29 (24)
Canada 31(4) 4(2) 27 (4) 2(3) 22(5) 3(4)
Latin America 131 (16) 6 (4) 125(19) 7(9) 83(19) 35(29)
Asia Pacific 54(7) 12(7) 42 (7) 7(9) 25 (6) 10 (8)
Clinical manifestations
Any vascular event 568 (71) 0 568 (71) 0 446 (100) 122 (100)
Any arterial thrombosis 300 (37) 0 300 (37) 0 239 (54) 61 (50)
Stroke 165 (21) 0 165 (26) 0 127 (28) 38 (31)
Transient ischemic attacks 69 (9) 0 69 (11) 0 50 (11) 19(16)
Myocardial infarction 31 (4) 0 31 (5) 0 29 (7) 2(2)
Intracardiac thrombus 3 0 3 0 2 1(1)
Peripheral artery** 30 (4) 0 30 (5) 0 7 (6) 3(3)
Visceral 10 (1) 0 10(2) 0 9 (2) 1(1)
Retinal 5(1) 0 5(1) 0 3(1) 2(2)
Any venous thrombosis 347 (43) 0 347 (54) 0 269 (60) 78 (64)
Central venous sinus 13(2) 0 13(2) 0 2(3) 1(1)
Pulmonary embolism 76 (9) 0 76 (12) 0 64 (14) 12 (10)
Upper extremity 7(1) 0 7 (1) 0 7(2) 0
Lower extremity 217 (27) 0 217 (34) 0 177 (40) 40 (33)
Visceral 8 (1) 0 8 (1) 0 4(1) 4(3)
Retinal 6 (1) 0 6 (1) 0 5(1) 1
Any microvascular involvement 93(12) 3(2) 90 (14) 2(3) 67 (15) 21(17)
Biopsy-proven 32 (4) 0 32 (5) 0 6 (6) 6 (5)
Kidney 15 (2) 0 15(2) 0 1(2) 4(3)
Skin 9 (1) 0 9 (1) 0 (2) 0
Pulmonary 3 0 3 0 3(1) 0
Other 5(1) 0 5(1) 0 3(1) 2(2)

(Continued)
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Table 1. (Cont’d)

Patients with

aPL positivity Patients with

Patients with

Patients with  Patients with

All patients, without APS, APS (overall),  OAPS only, TAPS only,  TAPS + OAPS,
(N = 804) 162 (20) 642 (80) 74 (9) 446 (55) 122 (15)
Clinical suspicion, no biopsy 61 (8) 3(2) 58 (9) 2(3) 41 (9) 15(12)
Kidney 14 (2) 0 14(2) 2 (3) 10(2) 2(2)
Skin 37 (5) 3(2) 34 (5) 0 24 (5) 10(8)
Pulmonary 2 0 2 0 2 0
Other 8 (1) 0 8 (1) 0 5(1) 3(2)
Both arterial and venous thrombosis 92 (11) 0 92 (14) 0 72 (16) 20 (16)
Recurrent vascular events (arterial and/or 225 (28) 0 225 (35) 0 173 (39) 52 (43)
venous)
Catastrophic APSTT 9(1) 0 9 (1) 0 7(2) 2(2)
History of pregnancy 393/594 (66) 70/127 (55) 323 (50) 74 (100) 1271271 (47) 122 (100)
Pregnancy morbidity 196/393 (50) 0 196/323 (61) 74 (100) 0 122 (100)

Unexplained fetal death at 10 weeks 136/196 (69) 0 136/196 (69) 51/74 (69) 0 85/122 (70)
of gestation or later

Premature birth prior to 34 weeks 68/196 (35) 0 68/196 (35) 25/74 (34) 0 43/122 (35)
of gestation due to eclampsia,
preeclampsia, or placental insufficiency

>3 unexplained spontaneous abortions 34/196 (17) 0 34/196 (17) 11/74 (15) 0 23/122 (19)
prior to 10 weeks of gestation

3 consecutive unexplained spontaneous 29/196 (15) 0 29/196 (15) 9/74(12) 0 20/122 (16)
abortions prior to 10 weeks of gestation

Other clinical manifestations$+ 451 (56) 76 (47) 375 (58) 30 (41) 264 (59) 81 (66)

Livedo reticularis/racemosa 100 (12) 10 (6) 90 (14) 8(11) 56 (13) 26 (21)

Persistent thrombocytopenia 151 (19) 32 (20) 119 (19) 14.(19) 75(17) 30 (25)
(platelet count <100,000/pl)

Autoimmune hemolytic anemia 40 (5) 9 (6) 31 (5) 4 (5) 22 (5) 5(4)

Cardiac valve disease 65/688 (9) 10/142 (7) 56/546 (10) 2/52 (4) 34/391 (9) 20/103 (19)

Skin ulcer 50 (5) 3(2) 47 (6) 0 36 (6) 11(7)

aPL-associated nephropathy 29/755 (4) 0/156 (0) 29/599 (5) 2/69 (3) 21/414 (5) 6/116 (5)

Neurologic presentations
Cognitive dysfunction 85 (11) 11 (7) 74(12) 3(4) 53(12) 18 (15)
MS-like disease 6 (1) 1(1) 5(1) 0 5(1) 0
Chorea 13(2) 2 (1) 11(2) 0 7 (2) 4 (3)
Seizure disorder 67 (8) 8 (5) 59 (9) 3(4) 42 (9) 14(11)
White matter lesions 136/549 (25) 17/103(17)  119/446 (27) 6/35(17) 90/326 (28) 23/85 (27)

Medications (registry entry)

Any anticoagulation therapy 497 (62) 18(11) 479 (75) 9(12) 372 (83) 98 (80)
Warfarin 434 (54) 13(8) 421 (66) 4(5) 328 (74) 89 (73)
LMWH 48 (6) 4(2) 44 (7) 5(7) 30(7) 9(7)
Factor Xa inhibitor 28 (3) 1(1) 27 (4) 0 26 (6) 1(1)
Thrombin inhibitor 0 0 0 0 0 0

Acetylsalicylic acid (aspirin) 366 (46) 108 (67) 258 (40) 52 (70) 168 (38) 38(31)

Clopidogrel 29 (4) 2(1) 27 (4) (1) 21(5) 5 (4)

Hydroxychloroquine 364 (45) 90 (56) 274 (43) 31 (44) 189 (42) 54 (44)

Statins 191 (24) 16 (10) 175 (27) 9(12) 143 (32) 23(19)

ACE inhibitor/ARB 163 (20) 21 (13) 142 (22) 9(12) 106 (24) 27 (22)

Intravenous immunoglobulin 5(1) 0 5(1) 0 5(1) 0

Plasma exchange 1 0 1 0 0 1(1)

Rituximab 16 (2) 3(2) 13(2) 0 12 (3) 1(1)

Other immunosuppressionss 202 (25) 42 (26) 160 (25) 10 (14) 116 (26) 34 (28)

No medications 28 (3) 16 (10) 12(2) 9(12) 2 1(1)

Medications (ever)

Any anticoagulation therapy 763 (95) 37(23) 566 (88) 43 (58) 407 (91) 116 (95)
Warfarin 526 (65) 20(12) 506 (79) 10 (14) 388 (87) 108 (89)
LMWH 340 (42) 21(13) 319 (50) 41 (55) 200 (45) 78 (64)
Factor Xa inhibitor 43 (5) 21 41 (6) 1(1) 37(8) 3(3)
Thrombin inhibitor 4(1) 0 0 0 4(1) 0

Acetylsalicylic acid (aspirin) 516 (64) 121 (75) 395 (62) 63 (85) 250 (56) 82 (67)

Clopidogrel 50 (6) 3(2) 47 (7) (1) 38(9) 8 (7)

Hydroxychloroquine 428 (53) 101 (62) 327 (51) 34 (46) 223 (50) 70 (57)

(Continued)
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Table 1. (Cont’d)

Patients with
aPL positivity Patients with  Patients with  Patients with  Patients with

All patients, without APS, APS (overall),  OAPS only, TAPS only,  TAPS + OAPS,

(N = 804) 162 (20) 642 (80) 74 (9) 446 (55) 122 (15)
Statins 210 (26) 20(12) 190 (30) 9(12) 153 (34) 28 (23)
ACE inhibitor/ARB 192 (24) 23(14) 169 (26) 11(15) 121 (27) 37 (30)
Intravenous immunoglobulin 57 (7) 11(7) 46 (7) 4 (5) 35(8) 7 (6)
Plasma exchange 16 (2) 1(1) 15(2) 2(3) 8(2) 5(4)
Rituximab 48 (6) 9(6) 39 (6) Q) 34 (8) 4 (3)
Other immunosuppression8§s 297 (37) 57 (35) 240 (37) 18 (24) 174 (39) 48 (39)
No medications 11(1) 9(6) 2 2 0 0

* Except where indicated otherwise, values are the number (%) of patients. Missing data and other categories are not included.
ACE = angiotensin-converting enzyme; aPLs = antiphospholipid antibodies; APS = antiphospholipid syndrome; APS ACTION = APS Alliance
for Clinical Trials and International Networking; ARB = angiotensin receptor blocker; LMWH = low molecular weight heparin; MS = multiple
sclerosis; OAPS = obstetric APS; SLE = systemic lupus erythematosus; TAPS = thrombotic APS.

t Systemic autoimmune diseases included SLE, rheumatoid arthritis, mixed connective tissue disease, Sjogren's syndrome, systemic sclerosis,
inflammatory muscle disease, and vasculitis.

t Races were collected in a total of 731 patients (162 patients with aPL positivity only, 69 patients with OAPS, 403 patients with TAPS, and 97
patients with both TAPS and OAPS). Latin American Mestizo refers to a person of combined European and Indigenous American descent.

§ Includes American Indian or Alaskan, Native Hawaiian or Pacific Islander, and other unspecified races as indicated by the patient.

9 Ethnicities were collected in a total of 653 patients (146 patients with aPL positivity only, 65 patients with OAPS, 354 patients with TAPS, and 88

patients with both TAPS and OAPS).
# Other unspecified ethnicities as indicated by the patient.

** Consists of the arteries not in the chest or abdomen (i.e., in the arms, hands, legs, and feet).
t1 Catastrophic APS was diagnosed as “probable” or “definite” based on the international consensus statement on classification criteria and

treatment guidelines for catastrophic APS (15).

t# Livedo reticularis/racemosa, persistent thrombocytopenia, and autoimmune hemolytic anemia, which patients were considered as “ever” or

“never” having had these conditions at the time of registry entry.

88 Other immunosuppression treatment included azathioprine, glucocorticoids, cyclophosphamide, cyclosporine, methotrexate, mycopheno-

late mofetil, and other therapies.

patients, 74 (12%) had obstetric APS only, 446 (69%) had
thrombotic APS only, and 122 (19%) had both obstetric APS
and thrombotic APS. One-hundred sixty-two patients (20%)
did not meet the clinical criteria for definite APS; among these
patients who have aPL positivity without APS, 76 (47%) had
one or more other (non-criteria) clinical manifestations associ-
ated with aPLs, and 86 (53%) were asymptomatic. Thirty-six
percent of the overall cohort had at least one concomitant
systemic autoimmune disease, with 30% having SLE, 2% having
Sjégren’s syndrome, 2% having mixed connective tissue
disease, 1% having rheumatoid arthritis, 1% having vasculitis,
1% having systemic sclerosis, and 4% having other systemic
autoimmune diseases. The frequency of systemic autoimmune
diseases was slightly higher in the group that had aPL positivity
without APS as compared to APS patients (45% and 33%,
respectively).

Among the 804 registry participants, 568 (71%) experi-
enced at least one vascular event (arterial thrombosis, venous
thrombosis, or microvascular involvement), and 28% experi-
enced recurrent vascular events. Venous thrombosis occurred
more frequently than arterial thrombosis (43% versus 37%) in
the overall cohort, with both types of thrombosis appearing in
11% of the cohort; 12% of the cohort had microvascular involve-
ment, and 1% had CAPS. Among those with arterial thrombosis,
strokes (21%) occurred much more frequently than cardiac
events (4%); events in the lower extremities were the most
common type of venous thrombosis (27%) recorded. Of the

393 women in the registry who had a history of pregnancy,
50% had experienced a pregnancy morbidity event, most com-
monly due to unexplained fetal death at >10 weeks of gestation
(69%). Over half (56%) of the overall cohort had at least one
non-criteria manifestation; among these, the most common were
white matter lesions of the central nervous system and persistent
thrombocytopenia.

In terms of medications that were being used at the time of
registry entry, 62% of aPL-positive patients were receiving antico-
agulation, with 54% receiving warfarin, 6% receiving low molecu-
lar weight heparin, and 3% receiving factor Xa inhibitor. Other
commonly used medications were aspirin (46%), hydroxychloro-
quine (45%), and statins (24%).

Baseline characteristics by clinical subtype. When
comparing characteristics by aPL-related clinical subtypes
(Table 1), the incidence of concomitant systemic autoimmune dis-
ease was highest in patients with aPL positivity without APS
(45%) and lowest in patients with obstetric APS (26%). A similar
pattern was reflected in aPL-positive patients with concomitant
SLE specifically (37% in patients who had aPL positivity without
APS versus 20% in patients with obstetric APS). The mean
age was lowest among patients with obstetric APS
(41.47 + 11 years) and highest among patients with thrombotic
APS (46.69 + 14 years). The majority of patients in each clinical
subtype were White, whereas there were very few Black patients
in each clinical subtype; the highest percentage of Latin American
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Table 2. Clinical characteristics of patients with aPL positivity in the APS ACTION registry (2010-2019) who were tested for 3 aPL, categorized

according to aPL profile (N = 660)*

Positivity for any single

Single aPL positivity

LAC only aPL (including LAC (excluding LAC Double Triple
positivity, only)t, only), aPL positivityT,  aPL positivityT,
168 (25) 215 (32) 47 (7) 167 (25) 278 (42)
Any vascular events 127 (73) 148 (67) 21 (45) 118 (68) 195 (70)
Arterial thrombosis 61(36) 73 (34) 12 (26) 68 (41) 96 (35)
Venous thrombosis 81 (48) 92 (43) 11(23) 66 (40) 132 (47)
Microvascular thrombosis 10 (6) 12 (6) 2(4) 9 (5) 16 (6)
Transient ischemic attacks 11(7) 13 (6) 2(4) 19011 20(7)
Any pregnancy morbidity 43/84 (51) 53/108 (49) 10/24 (42) 41/86 (48) 62/117 (53)
>1 fetal death at 10 weeks 31 (51) 39 (52) 8 (57) 29 (53) 43 (56)
of gestation or later
>1 preterm delivery prior 12 (20) 13(17) 1(7) 14 (25) 29 (38)
to 34 weeks of gestation
>3 pre-embryonic/ 9 (15) 14(19) 5 (36) 6(11) 6 (8)
embryotic losses
prior to 10 weeks of
gestation
Any other clinical manifestation 93 (55) 107 (50) 14 (30) 104 (62) 158 (57)
Livedo reticularis/racemosa 27 (16) 28 (13) 1(2) 24 (14) 32(12)
Persistent 26 (15) 30(14) C 29(17) 70 (25)
thrombocytopeniat
Hemolytic anemia¥ 9(5) 10 (5) 1(2) 7 (4) 16 (6)
Cardiac valve disease 11/146 (8) 12/188 (6) 1742 (2) 12/142 (8) 32/234.(14)
Skin ulcers 6 (4) 7 (3) 1(2) 7 (4) 10 (4)
aPL-associated nephropathy 4/157 (3) 4/201 (2) 0 5/160 (3) 11/256 (4)
Cognitive dysfunction 14.(8) 17 (8) 3(6) 20(12) 33(12)
Multipe sclerosis-like disease 2(M 3(1) 1(2) 3(2) 0
Chorea 2(1) 2(1) 0 4(2) 6(2)
Seizure 17 (10) 21(10) 4(9) 13 (8) 23(8)
White matter lesions 33/120 (28) 40/155 (26) 7/35 (20) 33/116 (28) 45/190 (24)

* Except where indicated otherwise, values are the number (%) of patients. Patients in this analysis were tested for three aPLs (LAC, aCL, and anti-
B2GPI antibodies). An additional 8 patients were tested for these three aPLs but had low titers (20-39 units) on enzyme-linked immunosorbent
assay with negative LAC test, and were thus excluded from the analysis. Single aPL positivity was defined as positivity on one of the three aPL tests
for aPLs, double aPL positivity was defined as positivity on two of three tests, and triple aPL positivity was defined as positivity on all three tests.
All groups except LAC only and single aPL positivity were mutually exclusive. Only 5 (0.8%) of 660 patients had isolated aClL/anti-B,GPI IgA
positivity with negative results for LAC and aClL/anti-B,GPI IgG and IgM. In total, 6 patients had catastrophic APS, distributed between double
aPL- and triple aPL-positive groups. aCL = anticardiolipin antibody; anti-B2GPI = anti-B,-glycoprotein [; aPL = antiphospholipid antibody;
APS = antiphospholipid syndrome; APS ACTION = APS Alliance for Clinical Trials and International Networking; LAC = lupus anticoagulant.

t Cutoff value for aCL positivity and anti-B.GPI 1gG, IgM, and IgA positivity was defined as a patient having a titer of at least 40 units upon anti-

body testing.

t Defined as a platelet count of <100,000 per microliter tested twice at least 12 weeks apart.
§ Defined as anemia in the presence of antibodies directed against red blood cells, evidenced by either direct or indirect Coombs’ tests.

Mestizo patients were in the thrombotic APS/obstetric APS group
(Table 1). Approximately 50% of patients in each clinical subtype
were recruited from Europe, except in individuals with thrombotic
APS/obstetric APS, which occurred less frequently in European
patients (37%). Approximately 30% of thrombotic APS/obstetric
APS patients were recruited from Latin America, which was the
most common clinical subtype observed in recruited patients
from this region.

Within the thrombotic APS group compared to the throm-
botic APS/obstetric APS groups, while we observed similar fre-
quencies of arterial thrombotic events (54% and 50%,
respectively) and venous thrombotic events (0% and 64%,
respectively) within the these subgroups, lower extremity venous
thrombosis events were slightly higher among patients with

thrombotic APS only compared to patients with both thrombotic
and obstetric APS (40% and 33%, respectively) (Table 1).
Between the thrombotic APS group and the thrombotic
APS/obstetric APS group, we also observed a similar rate of
microvascular involvement (15% and 17%, respectively) and cat-
astrophic APS (2% each). When comparing pregnancy morbidity
in patients with obstetric APS to that in patients with thrombotic
APS/obstetric APS, we found similar frequencies of unexplained
death of the fetus at 10 weeks of gestation or later (69% versus
70%, respectively), premature birth occuring earlier than
34 weeks of gestation due to eclampsia, pre-eclampsia or pla-
cental insufficiency (34% versus 35%, respectively), and at least
3 unexplained spontaneous abortions occuring prior to 10 weeks
of gestation (15% versus 19%, respectively).
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Compared to the overall cohort, patients who had aPL posi-
tivity without APS had a slightly lower rate of other clinical manifes-
tations (47% versus 58%). Other clinical manifestations were
highest in the thrombotic APS/obstetric APS group (66%) and
lowest in the obstetric APS group (41%). In particular, patients
with thrombotic APS/obstetric APS had substantially higher rates
of livedo reticularis/racemosa, persistent thrombocytopenia, car-
diac valve disease, skin ulcer, and cognitive dysfunction com-
pared to patients with other subtypes of APS and the overall
study cohort (Table 1). Thrombotic APS patients also had a
higher rate of other clinical manifestations (59%) compared to
obstetric APS patients (41%).

Compared to APS patients at the time of registry entry,
patients who had aPL positivity without APS had higher rates of
current use of aspirin (67% versus 40%) and hydroxychloroquine
(56% versus 43%) and lower rates of anticoagulation, statin, and
antihypertensive use. Aspirin use was highest in patients with a his-
tory of obstetric APS (70%) compared to patients with thrombotic
APS (38%) or those with both thrombotic and obstetric APS
(81%). A majority of APS patients had been receiving anticoagula-
tion therapy with warfarin (66%) at the time of registry entry. Current
use of any anticoagulation therapy (warfarin, low molecular weight
heparin, factor Xa inhibitor, thrombin inhibitor) at registry entry was
highest among patients with thrombotic APS (83%) compared to
patients with aPL positivity without APS (11%). A similar pattern of

Any persistent aPL positivity

medication use was observed for “ever” use at the time of registry
entry among the aPL-related clinical subgroups (Table 1).

Baseline characteristics by aPL profile. Of the
804 aPL-positive patients, 660 (83%) were tested for all three
aPLs (LAC, aCLs, and anti-B,GPI antibodies), and 42% had triple
positivity for aPLs. We excluded eight patients who were tested
for three aPLs but had low titers (20-39 units) of aPLs measured
by enzyme-linked immunosorbent assay with negative LAC test.
Approximately one-fifth (17%) of patients were missing at least
one aPL test; in this group, the proportion with single positivity
was similar to that with double positivity (50% and 46%, respec-
tively). Among those without testing for the three aPLs and with
single positivity only (50%), LAC positivity was most common
(87%); the combination of LAC plus aCL positivity was more com-
mon than aCL plus anti-B.GPI antibody positivity in those with
double aPL positivity (Figure 1).

While similar frequencies of vascular thrombosis, pregnancy
morbidity, and other clinical manifestations were observed across
subgroups with single, double, and triple aPL positivity, the sub-
group with single aPL positivity (excluding the patients with only
LAC positivity) had substantially lower frequencies of all three
event types (Table 2). Compared to the other aPL profile sub-
groups, triple aPL positivity had the highest proportion of patients
with at least one preterm delivery before 34 weeks of gestation,

804 (100)
N (%)
Double aPL positivity
63 (46)
- LAC +aCL: 42 (31)
Three aPL test -aCL+anti-B,GPI: 21 (15)
results available

660** (83)

|

v

-

At least one aPL tested

136* (17)

Single aPL positivity
68 (50)
- LAC: 50 (37) missing aCL = 3 (2), anti-B.GPI = 48 (35), both =1 (1)
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persistent thrombocytopenia, aPL-related nephropathy, and car-
diac valve disease. Within the group with single aPL positivity,
LAC only positivity had the highest proportion of patients who
experienced any vascular events, pregnhancy morbidity, and other
clinical manifestations (Table 2).

DISCUSSION

Based on our multi-center international cohort of aPL-
positive patients, 20% of patients who met the entry criteria did
not fulfill classification criteria for clinical APS, 71% experienced
vascular events, 50% of individuals with a history of pregnancy
had aPL-related obstetric morbidity, and 56% had at least one
non-criteria clinical aPL manifestation—most commonly throm-
bocytopenia and white matter lesions. Non-criteria clinical mani-
festations were highest in the thrombotic APS/obstetric APS
group versus thrombotic APS or obstetric APS only. APS patients
overall had higher rates of current anticoagulation therapy and
statin use, but lower aspirin and hydroxychloroquine use than
patients with aPL positivity without APS at registry entry. Com-
pared to single-, double—, and triple—aPL-positive subgroups,
the subgroup consisting of patients with single aPL positivity
excluding LAC only had substantially lower frequencies of vascu-
lar events, pregnancy morbidity, and other clinical events; this
suggests that LAC positivity appears to be a major contributor to
aPL-related clinical features.

Our study adds to prior work demonstrating the clinical het-
erogeneity of aPLs, which can result in a broad spectrum of clinical
manifestations. Although the current revised classification criteria
for APS incorporates vascular events and pregnancy morbidity,
various “non-criteria” manifestations, known to occur frequently in
aPL-positive patients, were not included (16-18). Since then, vari-
ous systematic reviews and meta-analyses in SLE patients have
aimed to better characterize the role of aPL-related “non-criteria”
manifestations, demonstrating an increased likelihood of cardiac
valve disease, pumonary hypertension, livedo reticularis, thrombo-
cytopenia, hemolytic anemia, and renal impairment in aPL-positive
SLE patients compared to aPL-negative SLE patients (11,19).
Other investigators have assessed these manifestations in APS
patients in the absence or presence of concomitant systemic auto-
immune disease and have demonstrated increased rates of cogni-
tive dysfunction, white matter lesions, aPL-related nephropathy,
thrombocytopenia, and livedo reticularis among these individuals
(10,20). The present study adds to this literature by demonstrating
that non-criteria manifestations, most commonly white matter
lesions and thrombocytopenia, occurred in the majority (56%) of
international aPL-positive patients and were more likely to occur in
thrombotic APS/obstetric APS patients (66%), suggesting that
non-criteria manifestations are prevalent in aPL-positive patients
and potentially associated with more severe disease (20,21). In
fact, efforts are underway using cluster analysis methodology, a
data-driven method that groups patients by combinations of aPL

profiles and clinical features, to further identify clinical phenotypes
and distinct “clusters” of patients enrolled in the APS ACTION reg-
istry (22,23).

Assessment of clinical phenotypes, along with a better
understanding of the role of aPL laboratory profiles, may play a
critical role in risk stratification for aPL-positive patients (24).
Although the definition of a “clinically significant” and “high-risk”
aPL profile has not been clearly defined, different aPL profiles
appear to confer different thrombosis risks (7,25-27). Positive
LAC test (compared to enzyme-linked immunosorbent testing
for aCLs or anti-B,GPI antibodies), moderate-to-high (>40 units)
titers of aCLs or anti-B,GPI antibodies (compared to lower titers),
lgG isotype (compared to IgM and IgA isotype), and triple positiv-
ity for aPLs (compared to single or double positivity for aPLs) have
a stronger correlation with aPL-related clinical events (28-30).
However, there is ongoing debate about the clinical significance
of isolated LAC positivity and whether it is as important as triple
aPL positivity. Additionally, one recent study demonstrated that
aCL IgG, but not IgM, and LAC test positivity are associated with
higher rates of thromboses in SLE patients (31). Our cross-
sectional analysis, demonstrating a relatively similar frequency of
aPL-related clinical events in single, double, and triple aPL positiv-
ity, and a substantially lower frequency in single aPL positivity
patients without positive findings on LAC test, supports the asso-
ciation of clinical events with LAC positivity. Furthermore, while
accumulating data show that LAC positivity may be a stronger risk
factor for thrombosis and pregnancy morbidity compared to pos-
itivity for either aCLs or anti-B.GPI antibodies (1,32), standardiza-
tion of laboratory testing and cutoff thresholds are still needed (1).
Prospective studies will determine the association between labo-
ratory study levels and clinically relevant disease.

While anticoagulation is the mainstay in treatment of
aPL-related clinical events in thrombotic APS (33), alternative
treatments are needed in patients with refractory disease or
microvascular APS (24,34-39). Although the majority of APS
patients overall received anticoagulation therapy, less than half
received aspirin or immunosuppression treatment, and few
received other treatments, such as intravenous immunoglobulin,
plasma exchange, or rituximab. This finding may reflect an inher-
ently low rate of refractory/microvascular APS or selection bias in
our cohort. While data regarding treatment of obstetric APS are
controversial in regard to the need for prophylactic low-dose aspi-
rin versus the addition of unfractionated heparin to low-dose aspi-
rin (40-44), the majority of patients in our cohort with obstetric
APS only received aspirin (ever and at registry entry) and low
molecular weight heparin (ever).

Furthermore, no clear consensus exists on primary preven-
tion management of the symptoms of patients with persistent
positivity for aPLs (45), including the use of aspirin, hydroxychlor-
oquine, or anticoagulation therapy, although recent European Ali-
ance of Associations for Rheumatology guidelines suggest that
low-dose aspirin may be beneficial for various patients who were
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aPL-positive (46). Our registry data show that the majority of
patients who have aPL positivity without APS were treated with
aspirin (67%) and hydroxychloroquine (56%), which may be
driven by use of these medications for the prevention of thrombo-
sis, underlying concomitant systemic autoimmune disease (45%
of patients who have aPL positivity without APS), or other comor-
bid medical diseases, including cardiovascular risk factors.
Patients who had positivity for aPLs without a diagnosis of APS
had the highest percentage of concomitant SLE, which may have
prompted aPL testing in this group.

Although we previously reported that LAC positivity, livedo
reticularis, and cognitive dysfunction are more common in
patients recruited from Brazil compared to those recruited from
other parts of the world (47), the current study did not investigate
specific clinical and laboratory differences by geographic region
as a comprehensive regional analysis of the registry is already
ongoing. Additionally, the low rate of Black patients (3—-4%) in
the registry may reflect selection bias (e.g., half of the patients
were recruited from Europe) or disparities in access to care and
would be worth investigation in future studies.

While the present study was limited in its retrospective,
cross-sectional study design, we used data from a large, multi-
center international patient cohort enriched with granular socio-
demographic, clinical, laboratory, and medication information.
Epidemiologic studies focusing on APS are limited; few large
APS cohorts that are inclusive of different genders, races, and
geographic regions are available to estimate the distribution of
APS across clinical and laboratory subtypes. As data collection
is ongoing in our registry, our data represents an interim assess-
ment of baseline characteristics. Future analyses will use statisti-
cal testing and APS ACTION core laboratory aPL test results to
evaluate significant differences between subgroups. Selection
bias could be a factor in the low percentage of “other” clinical
manifestations and systemic autoimmune disease in the obstetric
APS group, as some patients in this group are recruited from
obstetrics clinics. Our future prospective study will assess the risk
of incident systemic autoimmune disease development after the
diagnosis of primary obstetric APS.

Although selection and referral bias to APS “experts” should
be considered in the interpretation of our registry data, our study
demonstrated a low rate of CAPS or use of medications sugges-
tive of refractory disease. Additionally, given that aPL profiles were
not necessarily collected at the time of clinical events, our results
should be confirmed in prospective studies. Moreover, while
other “non-criteria” aPL tests such as those for anti-phosphati-
dylserine/prothrombin and anti-domain 1 antibodies, have
increasingly shown to contribute to a diagnosis of APS and risk
assessment for thrombosis (48,49), our study did not evaluate
these laboratory tests as they are not currently standardized or
widely commercially available. Finally, although we did not stratify
our cohort by those with or without an systemic autoimmune dis-
ease, in a previous analysis of APS ACTION registry patients, the

frequencies of thrombosis and pregnancy morbidity were similar
in aPL-positive patients in the absence or presence of concomi-
tant SLE; however, SLE in patients with persistent aPL positivity
was associated with increased frequency of thrombocytopenia,
hemolytic anemia, low complement, and positive findings for IgA
anti-B.GPI antibodies (50).

In conclusion, our study demonstrates the heterogeneity of
aPL-related clinical manifestations and laboratory profiles in a
multicenter, international cohort of aPL-positive patients. |dentifi-
cation of APS patients by different clinical phenotypes and aPL
profiles may improve risk stratification and help physicians and
researchers better characterize the disease and understand clini-
cal outcomes. Future prospective analyses, using standardized
core laboratory aPL tests, will help clarify the role of aPL risk
profiles.
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