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Download the New ACR Publications Mobile App
The brand-new ACR Publications app can be downloaded for
free from the Apple store or Google Play. ACR members can log
in for full-text access to all articles in Arthritis Care & Research and
Arthritis & Rheumatology. Nonmembers can access abstracts of
all AC&R and A&R articles, the full text of articles published more
than one year ago, and select open-access articles published
recently, as well as the full text of all articles from ACR Open
Rheumatology and The Rheumatologist.
ARP Membership
The Association of Rheumatology Professionals (ARP), a division of
the American College of Rheumatology, appreciates your continued
membership and looks forward to serving you another year. Membership costs range from $30 to $140. ARP welcomes nurse practitioners, nurses, physician assistants, office staﬀ, researchers, physical
therapists, occupational therapists, assistants, and students. Student

membership is complimentary; the Annual Meeting registration fee
is waived for students who submit the required student verification
letter. For information, go to www.rheumatology.org and select
“Membership” or call 404-633-3777 and ask for an ARP staﬀ member.
New ACR Journal Twitter Account (@ACR_Journals) and Social
Media Editor
The ACR journals are heightening our focus on social media,
to benefit authors and readers. Among our first activities is
the introduction of an oﬃcial ACR Journals Twitter account: @
ACR_Journals. Followers will enjoy special features and the opportunity to engage with authors and other fellow professionals about studies published in Arthritis Care & Research, Arthritis
& Rheumatology, and ACR Open Rheumatology. Authors of published articles will have the opportunity to use @ACR_Journals
to share their work and engage in dialogue with others interested in the research. The journals welcome Dr. Paul Sufka of
Minneapolis as our first Social Media Editor.

Arthritis Care & Research
Aims and Scope
Arthritis Care & Research is an oﬃcial journal of the American College of Rheumatology and the Association of Rheumatology
Professionals, a division of the College. Arthritis Care & Research is a peer-reviewed journal that publishes both original research
and review articles that promote excellence in the clinical practice of rheumatology. Relevant to the care of individuals with
arthritis and related disorders, major topics are evidence-based practice studies, clinical problems, practice guide-lines, health
care economics, health care policy, educational, social, and public health issues, and future trends in rheumatology practice.
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CLINICOPATHOLOGIC CONFERENCE

A 21-Year-Old Woman With Joint Pain and Skin Ulceration
Sarah French,

Ursula E. Lang, and Mary Margaretten

CASE PRESENTATION
Chief symptoms
A 21-year-old female presented to the local county safety-net
hospital with reported joint pain over several months.

with the father of her child. She had a documented history of methamphetamine use, though she denied current alcohol or drug use.
She had no history of tobacco use. Her maternal grandfather had
rheumatoid arthritis (RA).

Review of systems
History of present illness
Symptoms started with pain and stiffness of the patient’s
bilateral hands and wrists four months prior, with progression to
the bilateral elbows, knees, and ankles. Pain and stiffness were
worse in the morning and limited her ability to use her hands or
walk comfortably. She also noted swelling of her hands, knees,
and ankles. Pain and swelling improved slightly with ibuprofen. She
further reported increased fatigue, alopecia, decreased appetite,
and nausea. She went to urgent care one month earlier, and a physician prescribed ibuprofen and performed initial serologic tests.

The patient reported a pruritic rash on her back, arms, and
legs that had developed 2 days prior to presentation. She denied
the presence of fevers, Raynaud’s phenomenon, oral ulcers, eye
pain, visual disturbance, dry eyes, dry mouth, dysphagia, shortness of breath, cough, chest pain, abdominal pain, diarrhea, genitourinary symptoms, myalgias, or muscle weakness.

Physical examination

The patient was born in the US, and her parents were of Hispanic and African American descent. She was marginally housed
and residing in a shelter with her 1-year-old daughter. She had a
history of forced sex trafficking at age 16 years, and there was
concern for intimate partner violence in her current relationship

The patient had a temperature of 37°C, heart rate of 75
beats per minute, blood pressure reading of 102/66 mm Hg, and
respiratory rate of 15 breaths per minute with an oxygen saturation of 100% on room air. She was a young woman in no apparent
distress but notably guarded and at times refused examination
by different providers. Her mucous membranes were moist, and
her oropharynx was clear without oral ulcers or thrush. Her neck
was supple without cervical lymphadenopathy. Her cardiovascular
examination was normal, without murmurs, rubs, gallops, or jugular venous distention. Bilateral radial and pedal artery pulses were
2+. She had normal respiratory effort, and her lungs were clear
to auscultation. Her abdomen was soft and nontender without
organomegaly.
On musculoskeletal examination, the patient had puffy fingers
with 3+ proximal interphalangeal joint (PIP) synovitis. The bilateral
knees were warm, tender with range of motion, and showed large
effusions. Her left ankle was warm and swollen with pain on range
of motion. She was alert and oriented on neurologic examination.
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Medical history
The patient had a history of eczema and depression with a
prior suicide attempt. Five months prior to her presentation, she
experienced an intrauterine fetal death at 18 weeks’ gestation in
the setting of active methamphetamine use. She took ibuprofen,
as needed, which she reported taking at a dose of 600 mg twice
daily.

Social and family history
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Her cranial nerve examination results were normal. Her motor
examination demonstrated normal bulk and tone and 5/5 strength
in all major muscle groups, including full strength of neck flexion,
deltoids, biceps, triceps, wrist extensors, finger flexors, interossei of
the hand, iliopsoas, hamstrings, quadriceps, anterior tibialis, gastrocnemius, and extensor hallucis longus. Her sensory examination
results were normal, and her brachioradialis and patellar reflexes
were 2+ and symmetric. On skin examination, she had periorbital
edema, a faint violaceous rash of the eyelids, and erythema of the
face and chest in a photodistributed pattern. She had deep ulcerations overlying her elbows and metacarpal joints (Figure 1).

Laboratory evaluation
Findings of the patient’s laboratory tests included a white
blood cell count of 2,700/mm3, a hemoglobin concentration of
12.8 gm/dl, and a platelet count of 182,000/mm3. Her blood differential revealed lymphopenia with an absolute lymphocyte count of
780/mm3 (normal range 1,000–5,100/mm3). Her eosinophil count
and remainder of differential were normal. Her creatinine level was
0.53 mg/dl, and her electrolytes were within the normal range.
Liver function tests (LFTs) revealed a total bilirubin level of 2.7 mg/
dl (normal range 0.1–0.3 mg/dl), direct bilirubin level of 2.2 mg/dl,
aspartate aminotransferase level of 794 units/liter (normal range
10–41 units/liter), alanine aminotransferase level of 230 units/liter
(normal range 7–35 units/liter), and alkaline phosphatase level of
305 units/liter (normal range 42–98 units/liter). Creatine kinase
level was normal at 103 units/liter (normal range 26–140 units/
liter). Erythrocyte sedimentation rate and C-reactive protein level
were 19 mm/hour and 0.9 mg/dl, respectively. Urinalysis results
were negative for protein and for red blood cells, and showed 2–5
white blood cells per high power field and 2+ squamous epithelial cells. Antinuclear antibody (ANA) test results were negative by
immunofluorescence assay, as were rheumatoid factor and cyclic

A

B

citrullinated peptide antibodies, which were assessed during her
earlier appointment at urgent care. C3 and C4 levels were normal
(89 and 31, respectively). Results for hepatitis C antibody, hepatitis
B surface antigen, and hepatitis B core antibody testing were all
negative, in addition to hepatitis B and hepatitis C viral loads. Urine
toxicology screen results were negative, and acetaminophen and
salicylate levels were normal.

Imaging
Plain radiographs of the bilateral hands and wrists demonstrated preserved joint spaces without the presence of erosions. Soft tissue swelling around the bilateral PIP joints 2–4
was appreciated. An ultrasound of the liver showed normal-
appearing liver parenchyma, without evidence of gallstones or
cholecystitis. Computed tomography (CT) of the abdomen and
pelvis showed no lymphadenopathy, mass, or liver abnormalities. Nonspecific subcutaneous fat stranding of the bilateral
hips, midline back, and buttock was noted. A high-resolution
CT of the chest revealed scant bilateral basal predominant
subpleural ground-glass opacities without evidence of fibrosis,
suspicious for early organizing pneumonia and/or nonspecific
interstitial pneumonia (Figure 2).

CASE SUMMARY
A 21-year-old woman with history of methamphetamine use
and sexual abuse presented with subacute symmetric polyarthritis, alopecia, ulcerating papules overlying the metacarpophalangeal (MCP) joints and elbows, heliotrope rash, and photosensitive
distribution of erythema involving the face and chest. ANA test
results were negative. She had lymphopenia, hepatocellular pattern of liver injury, and radiographic findings of early nonspecific
interstitial pneumonia.

C

Figure 1. Skin findings in a 21-year-old female patient. A, Ulcerated lesion of the right elbow. B, Ulcerating lesion overlying the right third
metacarpophalangeal (MCP) joint. C, Ulcerating lesions overlying the left third MCP joint.
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Figure 2. High-resolution computed tomography of the chest demonstrating scant bilateral basal predominate subpleural ground-glass
opacity without evidence of lung fibrosis (arrows) and suspicious for early organizing pneumonia and/or nonspecific interstitial pneumonia.

DIFFERENTIAL DIAGNOSIS
The defining features of this patient were the presence of
inflammatory arthritis and rash. Additional organ involvement
affecting the lung and liver was considered. We also considered
the major diagnostic possibilities below, including infection, drug
reaction, malignancy, and systemic autoimmune disease.
Infection. Infectious causes of polyarthritis and rash should
be excluded prior to arriving at any autoimmune diagnosis for this
patient. Main considerations based on the clinical presentation
and patient demographic characteristics included parvovirus B19,
viral hepatitis, and HIV.
The arthritis associated with parvovirus B19 infection can
look identical to RA, persist for months, and can even evolve
into a chronic arthritis (1). Children represent the major source of
transmission, and thus as a young mother, the patient was at an
increased risk for exposure. Parvovirus B19–associated arthritis
is more frequently observed among infected adults, whereas rash
is more common among children. The rash seen in this patient was
not consistent with the viral exanthem of parvovirus, or erythema
infectiosum, which causes “slapped cheek” erythema that can be
accompanied by a diffuse maculopapular rash of the trunk. Rash,
arthralgias, or arthritis with parvovirus infection develop during the
antibody response phase, with appearance of anti–
parvovirus
B19 IgM starting 10–12 days after infection. Ultimately, test results
for parvovirus B19 IgG and IgM were negative for this patient.
The patient’s initial transaminitis level raised concern for
acute viral hepatitis, particularly hepatitis B virus (HBV) and hepatitis C virus (HCV), as these diseases are also well known to

produce musculoskeletal manifestations, including arthritis. HBV
in its acute phase can cause diffuse polyarthralgia or polyarthritis
of the small joints as part of an immune complex–mediated serum
sickness–like syndrome, which is often accompanied by fever and
rash. This is usually self-limited and thus would not fit the timeline
of several months of polyarthritis seen with this patient. HCV can
be associated with mild polyarthritis of the small joints that resembles RA or oligoarthritis affecting the large joints. Both chronic
hepatitis C and hepatitis B can result in cryoglobulinemia and its
associated systemic symptoms and arthritis. These possibilities
were excluded when results were negative for cryoglobulins, hepatitis B and C serologic tests, and viral loads.
Lastly, acute HIV was considered as a potential cause of
symmetric polyarthritis, rash (though morphologically, a generalized maculopapular rash would be expected), and hepatitis. Results for HIV rapid antibody testing and viral load were
negative. Other infectious causes of arthritis and rash such
as rubella, Neisseria gonorrhea, and Borrelia burgdorferi were
felt to be unlikely explanations for her rash morphology and
pattern of arthritis.
Drug hypersensitivity and DRESS. Several drugs are
implicated in drug-induced liver injury and drug-induced rash.
Our patient was taking ibuprofen for joint pain. Skin eruptions
are fairly common with nonsteroidal antiinflammatory drugs
2%). These eruptions can be caused either by
(estimated 1–
non-allergic (cross-reactive) or allergic hypersensitivity and can
present as maculopapular rash or urticaria (2). When liver injury
and rash occur together, it is important to assess for the possibility of drug-induced hypersensitivity syndrome, also termed drug
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reaction with eosinophilia and systemic symptoms (DRESS). This
hypersensitivity reaction can range from mild to severe and is
characterized by fever, rash, lymphadenopathy, leukocytosis with
eosinophilia and atypical lymphocytes, and liver dysfunction. The
hematologic and hepatic manifestations are variable, however,
with published reports suggesting that 52–95% of patients with
DRESS have eosinophilia and 45–86% have hepatic abnormalities (3–5). DRESS most often presents as a pruritic diffuse maculopapular rash and facial edema. Erythema multiforme and
erythroderma have also been described. Pulmonary involvement
in DRESS with eosinophilic interstitial pneumonia is rare, and
arthritis is not typically described, making it unlikely that DRESS
would explain the various presenting symptoms of our patient.
Additionally, she did not have eosinophilia or fevers, making
DRESS less likely.
Malignancy. Malignancies are important to consider in
any rheumatologic evaluation, as paraneoplastic syndromes
can mimic idiopathic rheumatic disease, and several rheumatic
diseases are associated with increased incidence of cancer (6).
Features associated with underlying paraneoplastic process
include older age, male sex, rapid onset of severe disease, and
recurrent or refractory disease. A diagnosis of dermatomyositis
(DM), which is suggested by the patient’s unique cutaneous findings, should prompt further inquiry to exclude malignancy given
that incidence of cancer-associated myositis is reported to be
~30% among adults with DM (7). For young women presenting
with a new diagnosis of DM, exclusion of lymphoproliferative disorder, breast cancer, ovarian cancer, or uterine cancer is prudent.
Cancer can arise either before, concurrent with, or following the
diagnosis of myositis.
Rheumatic diseases. Rheumatoid arthritis. RA is high
on the differential diagnosis for symmetric polyarthritis, particularly in a young woman with onset following pregnancy.
Cutaneous manifestations of RA include rheumatoid nodules,
neutrophilic dermatoses such as pyoderma gangrenosum,
granulomatous dermatitis, and rheumatoid vasculitis. These are
generally more common in seropositive patients (8). While early
RA was a possible diagnosis, test results were seronegative and
her rash was inconsistent with any potential extraarticular manifestation of RA.
Systemic lupus erythematosus (SLE) and mixed connective
tissue disease (MCTD). Symmetric polyarthritis in a young woman
of childbearing age with features of systemic disease, including
lymphopenia, photosensitivity, alopecia, hepatitis, and interstitial
lung disease (ILD) raises concern for SLE or MCTD. However,
the patient lacked additional characteristics to support either of
these diagnoses, such as serositis or other organ involvement.
The absence of Raynaud’s phenomenon makes MCTD less likely, as this is a prominent feature seen in a majority of patients
with MCTD (9). A negative ANA test by immunofluorescence
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result makes SLE highly unlikely, as this test carries a ~95% sensitivity for lupus (10).
Idiopathic inflammatory myositis. The presence of rash,
alopecia, systemic symptoms, and arthritis warrants further investigation into the possibility of idiopathic inflammatory myo
sitis, particularly DM. The patient did not appear to have muscle
disease based on the negative results of a normal motor examination and a normal level of creatine kinase, and thus, clinically,
amyopathic DM was a top consideration. Given our low suspicion for clinical myopathy we did not pursue additional testing
such as aldolase, electromyogram, or muscle biopsy, though it is
worth noting that a subset of patients with idiopathic inflammatory myopathy can have isolated aldolase elevation, and subclinical myopathy cannot be fully excluded in this patient.
The patient had classic pathognomonic skin findings for DM
with heliotrope rash, Gottron’s papules, shawl sign, and V sign.
The unique cutaneous findings of ulceration in typical areas of Gottron’s papules and Gottron’s sign makes amyopathic DM associated with melanoma differentiation–associated gene 5 antibody
(MDA-5) a distinct possibility. Systemic vasculitis and various etiologies of vasculopathy can result in cutaneous ulceration, though
these would not be expected to cause the distribution of ulcerations seen in this patient overlying the elbow joints and MCP joints.
ANA test results were negative using the gold standard of indirect immunofluorescence (IF) assay, but only 50–80% of myositis
patients have a positive test result for ANA (11,12). Many myositis-
specific antibodies, including antisynthetase antibodies and MDA-5
antibody, are antibodies to cytoplasmic antigens and are not
detected by ANA IF.
The abnormalities showed by LFTs in the absence of apparent muscle involvement are difficult to ascribe to DM, though
they may represent a separate process altogether such as a drug
or viral exposure.

CLINICAL COURSE
Results of a thorough evaluation for infectious were negative
and included testing for HCV, HBV, and HIV as mentioned above,
as well as latent tuberculosis (QuantiFeron), syphilis, herpes
simplex virus, Epstein-
Barr virus, parvovirus, cytomegalovirus,
varicella zoster virus, Brucella, Leptospira, Chlamydia, and gonorrhea. Additional autoimmune serologic test results were negative, including anti–double-stranded DNA, anti-Smith, anti-RNP,
anti-
SSA, anti-
SSB, and antineutrophil cytoplasmic antibodies.
Smooth muscle antibody was detected at a borderline level of 20
(normal range 0–19), and test results for the presence of antimitochondrial antibodies was negative. The patient had a negative
test for antiphospholipid antibodies, and lupus anticoagulant test
results were normal.
Given the concern for amyopathic DM with inflammatory
arthritis, heliotrope rash, ulcerating Gottron’s papules, and early
nonspecific interstitial pneumonia, the patient was started on
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Figure 3. Histopathologic findings. A, Representative images of hematoxylin and eosin–stained skin sections, with dilated small capillaries
(arrows) and dermal mucin shown (broken arrow). B, Subtle interface changes (circle) with slightly pinker keratinocytes, a possible early
apoptotic change. C, Sections stained with periodic acid–Schiff diastase showing an increase in the basement membrane thickness. D,
Fontana-stained sections showing brown granular deposits in the superficial dermis (arrow) that are confirmed to be melanin pigment. Melanin
pigment dropout into the dermis from overlying keratinocytes signifies prior keratinocyte damage from interface dermatitis.

prednisone at a dose of 1 mg/kg daily and showed improvement
in arthritis and cutaneous disease. Her liver function tests gradually normalized over the course of several weeks.
Skin biopsy of the patient’s left elbow and right dorsal third
MCP joint showed findings compatible with DM with superficial
telangiectasia, mild degree of interface inflammatory changes
with pigment incontinence, and marked increase in dermal mucin
(Figure 3). Skin biopsy of her upper back demonstrated superficial
perivascular dermatitis with eosinophils, which is compatible with
urticaria.
A comprehensive myositis antibody panel showed a positive
result several weeks later for MDA-5 antibody. A transvaginal ultrasound, in addition to CT of the chest, abdomen, and pelvis, did
not show any evidence of malignancy.
She was discharged from the hospital with prednisone therapy and a plan to follow up in clinic to determine initiation of a
steroid-sparing agent. She missed two of her outpatient rheumatology appointments and primary care follow-
up appointments.
Two months later, she was readmitted with bilateral ankle arthritis
limiting ambulation, having stopped taking prednisone for several
weeks prior. Given the concern for active disease including presence

of ILD, with demonstration of poor follow-up and refusal of contraception, rituximab was recommended. She received two infusions
of 1,000 mg of rituximab two weeks apart, which was well-tolerated.
Unfortunately, the patient was subsequently lost to follow-up.

DISCUSSION
Idiopathic inflammatory myopathies, including DM and polymyositis, are a group of disorders characterized by skeletal
muscle inflammation with variable involvement of the skin and
lungs. Myositis-
specific antibodies characterize subgroups of
patients with shared clinical phenotypes and prognosis and are
detected in up to 70% of patients with DM. While DM classically manifests with proximal muscle weakness, elevated creatine
phosphokinase, and muscle inflammation on biopsy, it has long
been recognized that a subset of patients presents with typical cutaneous findings of DM in the absence of myositis, even
after monitoring over an extended period of time. This subset of
the disease was classified clinically as amyopathic DM (CADM)
by Sontheimer and colleagues (13), and amyopathic DM is now
recognized in the 2017 European Alliance of Associations for
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Rheumatology/American College of Rheumatology classification
criteria for adult and juvenile idiopathic inflammatory myopathies
and their major subgroups (14).
Investigators in Japan noticed that a significant proportion of
patients presenting with CADM developed rapidly progressive ILD
(15). In 2005, Sato et al identified a unique autoantibody in these
patients, which they termed CADM-140, that was not present in
other forms of DM or overlapping syndromes (16). The antigen
recognized by CADM-140 was subsequently discovered to be
MDA-5, also known as interferon-induced helicase C domain–
containing protein 1 (IFIH-1), a cytosolic double-stranded RNA
sensor (17,18). This helicase plays a role in recognition of viral
RNA and innate immunity, suggesting a possible link between
viral infection and the pathogenesis of CADM. It is estimated that
anti–MDA-5 antibodies are found in ~10–20% of patients with DM
overall and up to 65% of patients with clinically amyopathic disease (17–22).
Classic DM rashes such as Gottron’s papules and heliotrope rash are common in MDA5-associated DM; however, there
are also distinct rashes associated with anti–MDA-5 positivity.
First collectively described in a cohort of patients with MDA-5–
associated DM by Fiorentino et al, these skin manifestations
include painful palmar papules and skin ulcers that tend to occur
within Gottron’s papules, lateral nailfolds, and over the elbows
(20). The cutaneous manifestations of MDA-5–associated DM
are reported to be more severe and treatment-refractory compared to other myositis-specific antibodies (23). Vasculopathy
is a prominent histologic feature on skin biopsy, in addition to
interface dermatitis. In this patient, a muscle biopsy was not pursued given the presence of characteristic ulcerating skin lesions
overlying the patient’s elbows, Gottron’s papules, and a skin
biopsy that was consistent with a diagnosis of DM. Ultimately,
positive results for the MDA-5 antibody in our patient confirmed
the diagnosis.
5–
associated DM is the
A prominent feature of MDA-
increased prevalence of ILD, which can be rapidly progressive and
treatment-refractory (20,21,24,25). Not surprisingly, ILD is a leading cause of mortality in MDA-5–associated DM (17,18,21,26).
Compared to ILD associated with other myositis-specific anti5–
associated
bodies or antisynthetase syndrome, ILD in MDA-
DM is associated with worse survival (21,25,26). Ferritin may
be a useful biomarker that predicts ILD severity in this subgroup
(25,27). Rapidly progressive ILD is particularly prominent in Japanese patients who are anti–MDA-5–positive but has also been
reported in cohorts from China and the US (19,28,29). There may
be ethnic differences in the prevalence of anti–MDA-5 antibodies or in the clinical expression of disease that explain some of
the differences observed among US and Asian DM cohorts (30).
Alternatively, referral bias may contribute to different observations
in these populations.
A high prevalence of inflammatory arthritis has been reported
5–
associated DM, with 82% of anti–
MDA-
5–
positive
in MDA-
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patients presenting with non-erosive arthritis in one US cohort
(30). The arthritis in MDA-5–associated DM is frequently symmetric and polyarticular and affects the small joints of the hands and
thus can be difficult to distinguish from RA if accompanying skin
changes are not recognized. Investigators from Johns Hopkins
Myositis Center observed that a majority of the anti–MDA-5 positive patients in their cohort had 3 or more features of antisynthetase syndrome, including fever, arthritis, myositis, Raynaud’s
“Mechanic’s Hands,” and/or ILD (30).
A few cohort studies have demonstrated elevated levels of
gamma glutamyl transferase and liver function tests out of proportion to muscle enzyme elevation in patients positive for anti–
MDA-5 antibody relative to other forms of myositis, suggesting
a possible link between MDA-5–associated DM and liver inflammation (25,30). Further investigation is needed to substantiate
this idea. The cause of LFT abnormalities in our patient remains
unknown, but fortunately resolved with prednisone treatment.
Dermatomyositis patients have an estimated 3-to 6-
fold
increased relative risk of cancer compared with the general population (31,32). The peak incidence of malignancy is highest within
the first year of DM diagnosis but extends out to at least 5 years.
Anti–transcription intermediary factor 1γ and anti–NXP-2 antibodies
confer the highest risk for cancer associated DM (33). Based on the
available data published from DM cohorts, there does not appear to
be a significant difference in the risk of internal malignancy between
classic DM and CADM or between patients with anti–MDA-5 antibodies and those without (19,34–36). Thus, we pursued a limited
screen in our patient using pelvic ultrasound and CT of the chest,
abdomen, and pelvis, which fortunately did not identify malignancy.
Given the worse prognosis for MDA-5–associated DM compared to MDA-
5–
negative DM described in the literature, with
increased risk for progressive ILD and refractory cutaneous disease,
we were concerned about our patient’s prognosis if left untreated.
Therapeutic options for the treatment of MDA-5–associated DM,
as with other forms of idiopathic inflammatory myositis, includes
glucocorticoids and steroid-
sparing agents such as methotrexate, mycophenolate, and azathioprine—or for refractory disease,
rituximab, intravenous immunoglobulin (IVIG), and cyclophosphamide. Hydroxychloroquine, while typically not helpful for myositis,
can be of benefit for cutaneous disease. For severe disease including rapidly progressive ILD, aggressive combination therapy with
IVIG, cyclophosphamide, and cyclosporine inhibitor are considered
for MDA-5–associated DM, particularly in Japan where rapidly progressive ILD significantly contributes to early mortality (26).
We decided to treat the patient with rituximab, extrapolating largely from observational data and nonrandomized
or open-label trials showing efficacy in DM (37) and in refractory ILD (38,39). While often reserved for myositis resistant to
conventional treatment, there is rationale for use of rituximab
in myositis given the likely pathogenic role of B cells and circulating antibodies in myositis and given that other options for immunosuppression were limited in this patient due to the presence
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of ILD and lack of desire for contraception or laboratory monitoring. The only randomized clinical trial of rituximab treatment
for myositis to date, the RIM trial, failed to meet the primary
end point, though issues with study design have been raised,
including potential underpowering for the short placebo phase
selected (40). Ultimately, 83% of patients treated with rituximab in the RIM trial responded overall (37). A recent systematic
review also showed a response rate of 78% among published
cases of DM, polymyositis, or antisynthetase syndrome treated
with rituximab (37).
Addressing psychosocial vulnerabilities was paramount with
this patient and informed our treatment plan (41). The patient
expressed that she was not willing to consider contraception
and that she was unlikely to be able to follow up regularly for
blood testing for therapeutic monitoring, and thus we favored
rituximab as a relatively safe and potentially effective treatment.
While rituximab poses a risk for prolonged B cell depletion,
hypogammaglobulinemia, and neutropenia, we felt the potential benefits outweighed the risks in this patient and alternative
therapy with cyclophosphamide, mycophenolate, azathioprine,
or methotrexate were associated with unacceptable risks in the
absence of contraception or laboratory monitoring. The unique
social factors in her case, including housing instability, economic
insecurity, intimate partner violence, and substance use disorder,
all represented vulnerabilities that influenced the patient’s disease course and contributed to poor outcomes such as delay to
diagnosis and treatment and nonadherence to medication (41).

FINAL DIAGNOSIS
MDA-5–associated amyopathic DM, complicated by early
ILD.
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Objective. Medication access and adherence are important determinants of health outcomes. We investigated
factors associated with access and cost-related nonadherence to prescriptions in a population-based cohort of
systemic lupus erythematosus (SLE) patients and controls.
Methods. Detailed sociodemographic and prescription data were collected by structured interview in 2014–
2015 from participants in the Michigan Lupus Epidemiology and Surveillance (MILES) cohort. We compared access
between cases and frequency-matched controls and examined associated factors in separate multivariable logistic
regression models.
Results. A total of 654 participants (462 SLE patients, 192 controls) completed the baseline visit; 584 (89%) were
female, 285 (44%) were Black, and the mean age was 53 years. SLE patients and controls reported similar frequencies
of being unable to access prescribed medications (12.1% versus 9.4%, respectively; P was not significant). SLE
patients were twice as likely as controls to report cost-related prescription nonadherence in the preceding 12 months
to save money (21.7% versus 10.4%; P = 0.001) but were also more likely to ask their doctor for lower cost alternatives
(23.8% versus 15.6%; P = 0.02). Disparities were found in association with income, race, and health insurance status,
but the main findings persisted after adjusting for these and other variables in multivariable models.
Conclusion. SLE patients were more likely than controls from the general population to report cost-related
prescription nonadherence, including skipping doses, taking less medicine, and delaying filling prescriptions; yet,
<1 in 4 patients asked providers for lower cost medications. Consideration of medication costs in patient decision-
making could provide a meaningful avenue for improving access and adherence to medications.
INTRODUCTION
Systemic lupus erythematosus (SLE), or lupus, is a chronic
autoimmune disease that disproportionately affects women
and minorities (1). SLE disease manifestations are heterogeneous and can affect many organ systems, resulting in one of
the highest mortality rates among the rheumatic diseases (2).
Medical treatments for SLE place significant financial burden on

patients and the health care system. The mean annual direct
costs per patient are estimated to range from $2,214 to $16,875,
with mean annual pharmacy costs ranging between $1,572 and
$13,138 and accounting for 19–23% of total direct costs (3,4).
The mean annual indirect costs (e.g., sick leave, unemployment,
housework) are estimated from $2,239 to $35,540 (year 2010
values), with increased costs associated with accumulated lupus
damage (5).
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SIGNIFICANCE & INNOVATIONS
• Inability to access prescriptions that a doctor felt
necessary was reported in ~10% of systemic lupus
erythematosus (SLE) cases and controls.
• Cost-related nonadherence to prescriptions is significantly higher in SLE patients compared with
frequency-matched controls from the general population, with more than one-fifth of SLE patients
deviating from taking medication as prescribed for
cost reasons.
• Although SLE patients were more likely than controls to ask providers for lower cost medications,
inquiries about lower cost medications were infrequent in both groups.
• Consideration of medication costs as part of shared
decision-making between patients and providers is
a potential avenue for intervention.

Poor outcomes such as increased flares, emergency department visits, hospitalizations, and renal disease have been noted
in association with nonadherence in SLE, making it essential to
improve understanding of factors that compromise adherence
(6–11). Several studies have documented nonadherence in SLE,
and a review by Costedoat-Chalumeau et al found that the most
common cause of nonadherence was fear of side effects (12).
However, cost-related aspects of nonadherence have not been a
central focus in the existing studies.
We utilized the Michigan Lupus Epidemiology and Surveillance (MILES) cohort to characterize access and cost-
related
nonadherence to prescription medications and associated disparities in SLE cases and frequency-matched controls from the
general population.

SUBJECTS AND METHODS
The MILES cohort is a population-based cohort of SLE patients
and controls from southeastern Michigan that was created in 2014–
2015. The precursor to the MILES cohort was the MILES Surveillance Registry, one of the national US lupus registries supported
by the Centers for Disease Control and Prevention, described
elsewhere (1,13). Briefly, the MILES registry included residents of
Wayne or Washtenaw Counties in Michigan during 2002–
2005
with a new or existing diagnosis of SLE during this calendar period.
The 2 counties comprising the source population for the registry
encompass the cities of Detroit and Ann Arbor and a population of
~2.4 million persons (~25% of the Michigan population). Population-
based controls for the MILES cohort were recruited from a random
sample of households in the same source population and were
frequency-matched based on sex, race, age, and geography. Due
to the rarity of SLE in male patients, an equivalent number of male
controls to male SLE patients were recruited. Prospective controls
were excluded if they had a history of lupus or a lupus-like condition.
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The Institutional Review Boards of the University of Michigan and Michigan Department of Health and Human Services
Ethics provided ethics approval; cohort participants signed written, informed consent. This study utilizes baseline data from the
cohort, and these visits were conducted between February 2014
and September 2015.
Data collection. Detailed clinical, sociodemographic,
and health care access and utilization data were collected
through structured interviews at the MILES baseline visit. This
included questions related to prescription medication access
and adherence in the preceding 12 months, modeled after
a subset of questions from the 2015 US National Health
Interview Survey (NHIS) for adults (14) (see Supplementary
Appendix A, available on the Arthritis Care & Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24397/
abstract). To assess prescription access, participants were
asked whether they had been unable to obtain prescription medicines that they or a doctor believed necessary in
the preceding 12 months, and if affirmative, the main reason
why. Cost-related prescription nonadherence was a composite measure based on participant report of at least 1 of the
following: skipping medication doses, taking less medicine, or
delay in filling a prescription.
Race and ethnicity were based on self-report. Income was
based on household pretax income in the previous calendar
year. Health insurance coverage in the past 12 months was
based on participant response with the following categories as
options: private insurance, Medicare, Medigap (supplemental
Medicare coverage), Medicaid, military, Indian Health Service,
a state-sponsored health plan, other government program, or
none. Persons with both private and public (e.g., Medicaid)
coverage were classified as having private coverage. Patient-
reported outcome measures for health-related quality of life
and coexisting symptom complexes included the RAND Medical Outcomes Study Short Form 36 (SF-36) health survey (15),
the Patient-
Reported Outcomes Measurement Information
System (PROMIS) depression short form, version 1.0 (16), and
the Survey Criteria for Fibromyalgia (17).
Statistical analysis. Chi-square tests of independence
were used to test whether there were differences in proportions between cases and controls by study characteristics.
Logistic regression was used to model the association between
the variables and outcomes of interest. Separate logistic
regression models were used for each of the outcomes. Multivariable models were used to adjust for covariates that were
determined to be potential confounders a priori. Data management was performed using REDCap electronic data capture
tools hosted at the University of Michigan (18). Statistical analyses were performed using Stata and R (R Foundation) software
packages.
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RESULTS
A total of 654 participants (462 SLE patients, 192 controls)
completed the study visit. The mean ± SD age of the cohort was
53.4 ± 12.8 years; 584 (89.3%) of participants were female, and
285 (44%) self-reported as Black race. Baseline characteristics for
the cases and controls are presented in Table 1.
Prescription access. A similar proportion of SLE patients
and controls reported that in the last 12 months they were un
able to get prescription medicines that they or a doctor believed
necessary: 56 (12.1%) of SLE patients, and 18 (9.4%) of controls (P = 0.3). The main reasons reported for being unable to
get such prescriptions were similar among both patients and controls, including “Insurance company wouldn’t approve, cover or
pay for medicine” (34.8%) and “Couldn’t afford medicine” (34.8%).

Table 1. Baseline characteristics of systemic lupus erythematosus
(SLE) patients and frequency-matched controls, 2014–2015*
Characteristic
Age, mean ± SD years
Sex†
Female
Male
Race
White
Black
Other/unspecified‡
Median income
Below US median
Above US median
Poverty
Insurance
None
Medicaid§
Medicare/age <65
years
Medicare/age ≥65
years
Private
Other
No. of prescriptions at
time of visit, median
(IQR)¶
Prescription
medications
Chronic prescription
medications#

SLE cases
(n = 462)

Controls
(n = 192)

53.3 ± 12.3

53.6 ± 14.0

430 (93.1)
32 (6.9)

154 (80.2)
38 (19.8)

233 (50.4)
208 (45)
21 (4.5)

107 (55.7)
77 (40.1)
8 (4.2)

198 (45.5)
237 (54.5)
87 (18.8)

70 (38.0)
114 (62.0)
45 (23.4)

10 (2.2)
112 (24.2)
68 (14.7)

7 (3.6)
47 (24.5)
13 (6.8)

66 (14.3)

29 (15.1)

198 (42.9)
8 (1.7)

90 (46.9)
6 (3.1)

7 (3–11)

2 (0–5)

<0.001

5 (2–9)

1 (0–4)

<0.001

P
NS
<0.001
NS

NS
NS
NS

* Values are the frequency (%) unless indicated otherwise. Frequency-
matched by sex, race, age, and geography. IQR = interquartile range;
NS = not significant (at 0.05 level).
† Given the rarity of SLE in male patients, an equivalent number of
male controls to cases was recruited; thus, the female to male ratio
within controls differs compared to cases.
‡ Other/unspecified races include American Indian and Alaska Native
(n = 8), Asian (n = 6), and other/unknown (n = 15).
§ Participants with dual Medicaid/Medicare coverage (73 SLE and 16
controls) were included in the Medicaid category.
¶ Number of prescribed medications reported by participant as
“currently taking” at the time of study visit.
# Chronic medication use defined as ≥3 months.

1563

Among SLE cases, after adjusting for potential confounders in multivariable models, patients with Medicaid or no insurance were 3
to 7 times more likely than those with private insurance to report
being unable to obtain medications (for Medicaid, odds ratio [OR]
3.6 [95% confidence interval (95% CI) 1.5–8.6], P = 0.005; for no
insurance, OR 7.2 [95% CI 1.6–33.2], P = 0.011).
Cost-related prescription nonadherence. SLE cases
were significantly more likely than controls to report the following in
the preceding 12 months to save money: skipping doses, taking
less medicine, delaying filling prescriptions, and asking their doctor for a lower cost medication (Table 2). Among the SLE cases,
there were pronounced differences in cost-related prescription
nonadherence across types of health insurance coverage: ~60%
of individuals with no insurance deviated from taking medication
as prescribed, compared to ~25% of individuals with Medicaid or
Medicare and 16% of individuals with private or another type of
insurance (P = 0.002). Strategies used by participants to reduce
costs according to health insurance type are presented in Figure 1.
Based on multivariable models (Figure 2), the odds of cost-
related prescription nonadherence were nearly 3 times higher
among cases versus controls after adjusting for sex, race, age,
insurance status, and household income (OR 2.9 [95% CI 1.6–5.1],
P = 0.000). The odds of cost-related nonadherence remained significantly higher among cases when models were further adjusted
for 6 of the 8 SF-36 health survey domains, PROMIS depression
score, or fibromyalgia (OR range 1.9–2.5). SLE patients were 2–3
times as likely as controls to report the following forms of nonadherence to save money after adjusting for potential confounders:
skipping medications (OR 2.9 [95% CI 1.4–6.0], P = 0.004), taking
less medicine (OR 3.7 [95% CI 1.7–7.8], P = 0.001), and delaying filling a prescription (OR 2.1 [95% CI 1.1–4.0], P = 0.017) (see
Supplementary Figure 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24397/
abstract). Among SLE patients, increasing age was significantly
associated with lower odds of skipping medications (OR 0.97 [95%
CI 0.95–1.0], P = 0.022), taking less medication (OR 0.98 [95% CI
0.96–1.0], P = 0.048), and delaying medication (OR 0.96 [95%
CI 0.94–0.98], P = 0.000) after adjusting for all covariates, whereas
no association with age was found among controls.
Among SLE patients, those identifying as Black were half as
likely as White participants to ask for cheaper medications (OR
0.5 [95% CI 0.3–0.8], P = 0.008), while those of “other” (non-
Black, non-White) or unknown race were 3 times more likely than
White participants to delay medication (OR 3.1 [95% CI 1.1–9.0],
P = 0.036) and >6 times as likely to use alternative therapies (OR
6.5 [95% CI 2.0–21.0], P = 0.002), accounting for covariates.
SLE patients reporting household income below the US median
were significantly more likely to deviate from taking medication as
prescribed for all 3 approaches compared to those with household income above the US median, as follows: skip medications
(OR 3.3 [95% CI 1.5–7.1], P = 0.002); take less medication to

1564

|

MINHAS ET AL

Table 2. Self-reported prescription access, cost-related nonadherence, and participant strategies
used to reduce prescription drug costs within the preceding 12 months in patients with systemic lupus
erythematosus (SLE) compared to frequency-matched controls*
Interview item
Prescription access
Unable to get prescriptions that doctor felt necessary
Cost-related nonadherence†
Skipped medication doses to save money
Taken less medicine to save money
Delayed filling a prescription to save money
Other strategies to reduce prescription costs
Asked doctor for lower cost medication to save money
Bought prescription from another country to save money
Used alternative therapies to save money

SLE cases
(n = 462)

Controls
(n = 192)

P

56 (12.1)
100 (21.7)
62 (13.4)
70 (15.2)
75 (16.2)

18 (9.4)
20 (10.4)
12 (6.3)
11 (5.7)
17 (8.9)

0.3
0.001
0.008
0.001
0.013

110 (23.8)
5 (1.08)
38 (8.2)

30 (15.6)
2 (1.04)
11 (5.7)

0.02
0.9
0.3

* Values are the frequency (%) unless indicated otherwise.
† Composite measure including “skipped medication doses,” “taken less medicine,” and/or “delayed
filling a prescription.” Participants could use >1 strategy to reduce prescription drug costs.

save money (OR 2.8 [95% CI 1.4–5.5], P = 0.003); and delay filling
prescriptions to save money (OR 2.5 [95% CI 1.3–4.9], P = 0.009),
again adjusting for covariates.

DISCUSSION
In this sociodemographically diverse study that included
well-characterized SLE cases and frequency-matched population
controls from southeastern Michigan, we found that SLE patients
were more likely than controls to report cost-related prescription
nonadherence as assessed by activities such as skipping medications, taking less medicine, or delaying filling a prescription. Overall,
<1 in 4 participants asked their providers for lower cost medications. Disparities in cost-related adherence were found in association with household income and health insurance type.
In a recent review of 11 studies, the majority reported that
over one-
half of SLE patients were nonadherent to therapy
(19). Another review found that factors associated with nonadherence included low socioeconomic and educational status,
depression, disease severity, polypharmacy, and the quality of
the patient–
doctor relationship (12). Our study builds on prior

work by examining cost-related aspects of nonadherence in SLE
and enables comparison to population controls from the same
region, as well as adults from the general US population, given
that our assessment of prescription drug access included data
elements in common with the NHIS (14). SLE patients in our study
were more than twice as likely to deviate from taking medications as prescribed compared to the MILES controls or US adults
from the NHIS over the same calendar period (20) (SLE 21.7%,
MILES controls 10.4%, NHIS 8%). SLE patients more commonly
reported asking a doctor for lower cost medication (23.8%) compared to our study controls (15.6%) or the NHIS adults (15.1%)
(20), although only one-fourth of SLE patients do so. Black participants in our study were less likely to ask their doctor for lower
cost alternatives compared to White participants. These findings,
coupled with the fact that many physicians routinely overestimate
costs of inexpensive medications but underestimate costs of
expensive ones (21), highlight a potential opportunity not only to
educate patients about medication costs but also to address a
knowledge gap among rheumatologists.
Cost-related nonadherence in other patient populations has
been shown to be associated with population-level prescription

Figure 1. Participant strategies used by patients with systemic lupus erythematosus (SLE) in the Michigan Lupus Epidemiology and
Surveillance (MILES) cohort to reduce prescription drug costs according to health insurance status.
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Figure 2. Forest plots from a series of multivariable models of factors associated with aspects of prescription medication access and
adherence. The referent category for race is White, and for insurance the referent is private. Axes denoting the odds ratio (OR) are truncated
from 0.35 to 10 for visualization purposes. The OR for “No Insurance” on “Unable to access medications doctors believed necessary” is ~12
and thus falls outside of this range. Additionally, the upper 95% confidence interval mark is >10 for the effect of “No Insurance” on “Unable to
access medications doctors believed necessary” and for “Female,” “Other Race,” and “No Insurance” on “Used alternative therapies to save
money.” Squares represent positive ORs, circles represent negative ORs, and triangles represent nonsignificant ORs; horizontal lines indicate
95% confidence intervals (95% CIs); vertical lines indicate OR = 1 (OR > 1 denotes that the event is more likely to occur, while OR < 1 denotes
that the event is less likely to occur). SLE = systemic lupus erythematosus.

drug coverage, with nonadherence rates lowest in Scandinavian
and western European countries and highest in the US (22). One
study found cost-related nonadherence to be 43.3% for working-
age adults in the US who lacked health insurance (23). A review
has shown that medication costs rather than drug coverage was
the more influential factor for cost-
related nonadherence (24).
There is a paucity of treatment options in lupus; the newest Food
and Drug Administration–approved medication, belimumab, following a weight-
based dosing regimen, can cost ~$35,000
per year (25). The study findings and previous literature in other
chronic diseases suggesting that cost-related nonadherence is
linked to worse outcomes (26–29) support the view that medication management efforts aimed at improving adherence would
benefit from including cost considerations. In diabetes mellitus,
where cost-related nonadherence has been found to be 16–19%
(30,31), different factors contribute based on age. A study utilizing
data from the Behavioral Risk Factor Surveillance System showed

that household income and lack of health insurance were the most
important factors in explaining cost-related nonadherence for diabetic patients younger than 65 years of age, while depression was
the predominant factor for those older than 65 years of age (32).
Such nuances will need to be evaluated further in lupus.
Nonadherence in lupus has been shown to be independently
associated with worse outcomes in SLE, including increased
all-
cause and SLE-
related emergency department visits (33)
and hospitalizations (7,11). Renal disease, often asymptomatic,
can insidiously progress without diligent adherence to immunosuppressive and antihypertensive medications. As expected,
renal disease, and particularly end-stage renal disease (ESRD),
is more common in nonadherent SLE patients (6,10). While in
the US, both ESRD and mortality in lupus have been associated
with race and socioeconomic status (34,35). Such disparities in
lupus are less prominent in other countries. In a British inception
cohort with 21 years of follow-up, race was predictive of neither
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lupus damage accrual nor death (36); the authors point to the
equitable access within the national UK health care system as a
potential explanation for the lack of association between ethnicity
and damage accrual. A US-based study by Mosley-Williams et
al found that barriers to medication adherence differed between
Black and White women with SLE; for instance, Black women
were more likely to rely on religion and reported greater concern
about long-term side effects (37). Our novel finding that individuals
of “other” race (mostly Asian participants in our study) were more
likely to use alternative medications to save money further suggests that cultural influences may affect adherence in lupus and
warrant further study. The variable “race” should be considered
a contextual variable and crude proxy for a variety of social, cultural, and biologic constructs and not interpreted simply as a risk
factor or intrinsic biologic factor per se (38–41). Furthermore, it is
increasingly recognized that accumulated and pervasive effects
of structural racism contribute to race-associated disparities in
health outcomes (42,43). Vigorous investigations will be needed
to unravel the complexity of race in lupus.
This study has several strengths. It is one of the largest
population-based, epidemiologic studies of a well-characterized,
racially diverse, control-matched lupus population in the US. The
lupus cases are therefore not restricted to patients from the tertiary
care setting. Further, the comparison group is also population-
based and not restricted to healthy (usually employed) controls,
which increases generalizability to the underlying population.
Our study also has several limitations. First, the majority of our study population self-reported race as White or Black,
which reflects regional demographics but limits generalizability of
our results beyond these racial groups. Only a small percentage
reported Hispanic ethnicity, so that ethnicity could not be examined. Second, many of the coverage provisions of the Afford
able Care Act (ACA) took effect January 1, 2014 (44), the month
prior to the start of our baseline visits that formed the basis of this
study. For example, lupus patients without insurance may have
purchased private coverage through the newly created Health
Insurance Marketplace; yet, the 12-month period addressed in the
interview questions would encompass time before such insurance
took effect in January 2014. The passage of the ACA is complicated
by the acceleration of cost-sharing and expansion of tiered medications systems raising costs and increasing hurdles for patient medication access (45). In light of this juxtaposition, it will be important
to monitor the issue of prescription drug access and adherence
as the health care landscape continues to change. In our study,
questions about medication access were related to prescriptions in
general, not to specific medications such as immunosuppressants,
antimalarials, or antihypertensives. It is unclear how much of the
lack of access and nonadherence was related specifically to medications treating underlying lupus rather than other comorbid conditions. However, lupus-specific medication questions would have
precluded comparisons to controls. Finally, the degree to which self-
reported nonadherence reflects actual nonadherence is unclear.

MINHAS ET AL

Our data from this epidemiologic study reveal that SLE
patients were more likely than controls from the general population to report cost-related nonadherence to prescriptions. Disparities were found in association with income and health insurance
status. Racial disparities were noted in strategies to reduce costs.
Overall, <1 in 4 patients asked providers for lower cost medications. These findings point to the importance of physicians trying
to ascertain adherence and being aware of medication costs to
individual patients when planning treatment changes and prescribing medications, which could provide a meaningful avenue
for improving medication access and adherence through shared
decision-making.
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Patient Perspective on Using Digital Resources to Address
Unmet Needs in Systemic Lupus Erythematosus
Jennifer H. Ra,1 Jerik Leung,2 Elizabeth A. Baker,2 and Alfred H. J. Kim1
Objective. The clinical variability of systemic lupus erythematosus (SLE) caused by the unpredictability of flares
contributes to patients experiencing a diminished sense of social support. Digital health interventions (DHIs) have
the potential to improve patients’ social support but have yet to be studied extensively in SLE. Our objective was to
assess general and SLE-specific internet usage as well as specific suggestions for SLE-related digital resources and
tools among patients with SLE at the Washington University Lupus Clinic.
Methods. Fifty-six participants were recruited from the Washington University Lupus Clinic. Ten-minute structured
interviews consisting of multiple choice and open-ended questions were conducted. A descriptive statistical analysis
was conducted with the quantitative data, while the qualitative data were analyzed using an open coding approach.
Results. Nearly all respondents indicated having access to the internet (98.2%). Eighty percent currently use the
internet for their SLE. The qualitative data indicate that patients with SLE use the internet for understanding flares
and changes in their symptoms and/or laboratory results, want an increased variety of SLE information online, have
a desire to exchange personal experiences and knowledge of SLE with others, and desire increased diversity in the
methods of delivering digital SLE information.
Conclusion. Our findings support the continued use of DHIs for patients with SLE. We believe that these findings
will aid the future development of DHIs tailored to patients with SLE.
INTRODUCTION
Systemic lupus erythematosus (SLE) is a serious yet often misunderstood autoimmune disease with a paroxysmal and unpredictable disease course (1,2). SLE manifests in various ways that
can affect the skin, joints, and kidneys, with mild to life-threatening
severity (1,3,4). Survival of SLE has improved as treatments have
helped better manage physical symptoms (5). However, there are
still many aspects of SLE that negatively impact patient experience
and health-related quality of life (HRQoL) that are unaddressed in
clinical settings (1,2,4–6).
A hallmark of SLE is the clinical variability caused by flares
that occur without identifiable triggers (3). This variability contributes to patients experiencing a diminished sense of social
support. Particularly, patients report feeling dismissed by health

care practitioners who do not understand the experience of
living with an unpredictable disease. Additionally, patients feel
isolated from their peers and family who find it challenging to
understand the variable manifestations of SLE (2,6,7). Finally,
patients find it difficult to reliably attend in-person social and
educational events when symptoms like fatigue and pain, and
fluctuating symptom severity, prevent them from committing to
plans.
Previous work has consistently identified social support
as an unmet need among patients with SLE (2,4,6,8). Social
support includes informational (advice and guidance), tangible (material aid), appraisal (sense of belonging or affirmation),
and emotional supports (expressions of comfort and caring) (9).
Patients with SLE have described experiencing unmet needs of
informational and appraisal support (2).
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SIGNIFICANCE & INNOVATIONS
• Our findings suggest that the majority of patients
with systemic lupus erythematosus (SLE) use the internet to obtain support for their SLE, but we identified a variety of improvements that are needed to
fully leverage the potential benefits of digital health
interventions (DHIs).
• DHIs, interventions accessible through digital technologies (i.e., apps, internet) on devices such as
mobile phones, tablets, and computers, have a
substantial potential to address the unmet need for
social support in SLE.
• The effects of DHIs on SLE patient experiences
have not been studied extensively. However, the
availability of various platforms and methodologies
present the potential to customize DHIs to meet
the needs of individuals with SLE.
• We found that a primary need for patients with SLE
is a dynamic, interactive intervention that enables
the user to access content according to the symptomatology they are experiencing.

To address these deficiencies in social support, chronic disease interventions have incorporated information, activities, and
tools to enhance patients’ abilities to maintain or obtain social
support (10–14). These interventions have had a positive impact
in improving disease self-management behaviors and HRQoL,
specifically in SLE (15). The Chronic Disease Self-Management
Program (CDSMP) has helped improve 4 areas of disease self-
management (relaxation, exercise, medication adherence, and
diet) in patients with SLE, who perceived CDSMP to be valu
able in developing and improving fundamental self-management
behaviors (15). However, most of these interventions have used
in-person approaches, failing to reach those who cannot physically or reliably attend these meetings.
Digital health interventions (DHIs), interventions accessible on
devices like smartphones, tablets, and computers (16,17), have a
substantial potential to overcome this barrier and improve health
care delivery (7,18–20). While in-person interventions are generally
deemed more favorable because they allow clearer communication between provider and patients (20,21), DHIs have been found
to significantly improve both disease knowledge and behavioral
outcomes for diseases such as osteoarthritis, scleroderma, and
chronic pain (14,19,22–26). These programs have had the most
impact by leveraging a modular format where individuals can tailor
the information to their needs by picking topics of most interest,
and providing emotional and appraisal support through virtual
care (e.g., phone calls or online forums) with others of similar disease profiles or with health professionals (7,14,19,27).
Only a few studies have focused on internet-based resources
in SLE (7,18,28–
30). Previous work has shown that internet
forums have allowed patients to share their SLE experiences,
connect with other patients, and obtain information that may be
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relevant to their situations (4,7). These online forums may provide
safe places for patients to be anonymous and vulnerable without
worrying about physically going somewhere for a sense of community (28).
Findings also suggest that DHIs can improve SLE knowledge assessed by pre-and post-tests taken by patients who
used an SLE education website (18) and computer-based education program (31). However, many of these programs provide
static written content as opposed to various media and more
interactive technologies that can allow material to be tailored to
the individual needs of patients with different backgrounds and
stages in their disease (18). Therefore, patients with SLE have not
been able to fully leverage advances in digital technology to obtain
better support and improve HRQoL compared to patients with
other diseases. Moreover, the barriers (digital access, skill level)
to using DHIs is unknown (32). This exploratory study aimed to
assess general and SLE-specific internet usage as well as specific
suggestions on SLE-related digital resources and tools among
patients with SLE at the Washington University Lupus Clinic.

PATIENTS AND METHODS
Participants and recruitment. Patients diagnosed with
SLE by Washington University Lupus Clinic physicians and further classified with SLE using American College of Rheumatology
(33) or Systemic Lupus International Collaborating Clinics criteria
were recruited from July 2018 to March 2019. Because SLE
affects mostly women (34), only female patients were considered
for this study. No other specific characteristics were sought. A
convenience sampling method was used to recruit patients during
their clinical appointments (35). Once patients were in examination rooms, recruiters introduced the study, acquired consent, and
began the interview.
Methods. Ten-minute structured interviews were conducted
face-to-face by 2 recruiters (JHR and JL) who asked multiple-
choice and open-ended questions. This process was done before
the visit with the clinician to ensure that subjects had sufficient
time to finish the questions. Multiple-choice questions assessed
internet access, types of devices used for internet access, how
patients currently use the internet for their SLE, what topics
they would be interested to see in the future, and demographic
information. Open-ended questions assessed what other SLE-
related information or support participants would like to use the
internet for in the future, and what would make them more likely to
use it for their SLE. Approximately 5 minutes of the interview was
allotted for open-ended questions.
Interviewers entered responses into Qualtrics, an online
survey platform, as each question was answered. This method
ensured that all questions were answered by each participant.
ended responses, using as close
Interviewers typed in open-
to verbatim text as possible, which enabled patients to more
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 ompletely respond than would have been the case if they had
c
to type into Qualtrics themselves. Participants who indicated that
they do not use the internet for their SLE were directed to different
questions that focused on why they do not use the internet,
and what would make them more likely to use it. This study was
approved by the Washington University Institutional Review Board
(protocol #201805213, initially approved June 25, 2018, last
approved May 28, 2019).
Data analysis. The quantitative section assessed general
trends of current access to and usage of the internet for SLE
needs. Because the questions measured nominal and ordinal variables, a descriptive statistical approach was applied where the
frequency of each answer choice was shown through percentages (35).
Open-
ended responses were downloaded from Qualtrics.
First, focused-coding procedures were conducted by the initial
coder (JHR). To do this coding, the transcribed words of participants were labeled with interview ID numbers to allow the coder to
review the original text in context as needed. The text (data chunk)
was then copied and pasted into a coding document. The coding
document had a predetermined set of codes based on the interview questions, and text was copied under the appropriate code.
Afterward, open coding methods were used where subcodes
were generated based on similarity of concepts being conveyed
(36). Once the initial coding was complete, the coding documents
were shared with the research team (JL, EAB, and AHJK), who
reviewed the assignment of data chunks to codes and subcodes.
The whole team (JHR, JL, EAB, and AHJK) discussed differences
regarding the coding and developed consensus on the best way
to address these differences. This approach enhanced the credibility of our data because it challenged the initial coder’s biases.
The final codes and subcodes were then reviewed for thematic
clusters. Summary paragraphs describing key points in the clusters were created, with specific quotes under the paragraphs as
supporting evidence.

RESULTS
Participant characteristics. Of the 62 qualified patients
invited to participate, 56 were recruited. Approximately half were
African American (53.6%, n = 30), and 41.1% (n = 23) White.
The mean age was 40.6 years. The majority reported an education level of at least grade 12 or the General Educational Development high school equivalent (96.4%, n = 54). Approximately
one-third of participants were married (35.7%, n = 20), while
another one-third never married (35.7%, n = 20). Approximately
half (46.4%, n = 26) were employed for wages, while approximately
one-third (32.1%, n = 18) were unable to work. The characteristics
of our sample closely represent those of the Washington University
Lupus Clinic and general SLE population (37,38). Table 1 shows
complete demographic data.
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Table 1. Characteristics of study sample and Washington
University Lupus Clinic sample*
Characteristic
Sex
Female
Male
Race
White
Black or African American
Asian
Other
Employment status
Full-time
Part-time
Disabled
Student
Unemployed
Retired
Age, years
<20
20–39
40–59
≥60
Marital status
Married
Divorced/separated
Widowed
Single
Member of an unmarried couple
Education level
Some high school or less
Completed high school or GED
Some college
Completed 4-year college or more

Sample

Clinic

100
0.0

91.5
8.5

41.1
53.6
5.2
3.4

44.2
49.8
2.0
4.0

50.0
1.8
32.1
5.4
5.4
5.4

47.6
3.4
25.4
10.2
9.3
4.2

1.8
42.9
48.2
7.1

0.4
46.2
41.3
12.1

35.7
19.6
1.8
35.7
7.1

35.8
9.7
1.2
51.2
1.8

3.6
21.4
44.6
30.4

2.0
18.4
46.9
32.7

* Values are the percentage. GED = General Educational Development
high school equivalent.

Our data indicate that there were racial differences between
those who do use and those who do not use the internet for their
SLE. Nine of 11 participants (75.0%) who do not use the internet were African Americans. However, in looking at this finding
another way, among the African American participants in our
sample (n = 30), 70.0% (n = 21) use the internet, whereas 30.0%
(n = 9) do not. In contrast, among the White participants (n = 23),
91.3% (n = 21) use the internet, whereas 8.7% (n = 2) do not.
Quantitative results. Nearly all respondents (98.2%,
n = 55) indicated having internet access. The majority reported
using either a cell phone (92.7%, n = 51) or personal computer
(78.2%, n = 43) for internet access (Table 2). Approximately half
reported that other people also provide them with SLE information
from the internet (41.8%, n = 23).
Twenty-percent of participants (n = 11) indicated that they do
not use the internet for their SLE. The most frequently cited reason
was their preference to obtain SLE information from their physician
(45.0%, n = 9). Other reasons included not trusting online content,
already having looked up everything about SLE, not having many
SLE-related questions, or lack of time. Of the 80.0% (n = 44) who
indicated that they do use the internet for SLE-related searches,
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Table 2.

Types of devices used to access the internet
Devices

Cell phone
Personal computer
Tablet
Work computer
Library computer

Participants, %
93
78
42
27
5

20.4% (n = 9) stated that they use it multiple times a day, 34.1%
(n = 15) use it at least once a week, and 22.7% (n = 10) use it at
least once a month. All participants of this group (n = 44) stated
that they were still interested in learning more about DHIs.
Participants who use the internet for researching SLE were
asked what they use it for. If participants were currently not using
the internet for a specific reason, they were then asked if they
would be using it in the future. Participants were interested in most
topics presented (Figure 1). A fraction of the participants would not
be interested in using the internet to join chat rooms/discussion
groups/online support groups (20.4%, n = 9), to identify financial
assistance (22.7%, n = 10), or to find a physician or health care
provider (25.0%, n = 11).
When these same participants (n = 44) were asked how much
they trust SLE information online, 13.6% (n = 6) indicated that they
always trust, 81.8% (n = 36) sometimes to usually trust, and 4.5%
(n = 2) never to rarely trust the online information. In terms of satisfaction with online SLE information, 4.5% (n = 2) were never to
rarely satisfied, 79.5% (n = 35) were sometimes to usually satisfied, and 15.9% (n = 7) were always satisfied.
Qualitative results. Open-ended responses revealed multiple topics that are desired and needed to help better manage
SLE through DHIs (Tables 3–5). Respondents wanted to better
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understand flares and changes in symptoms and/or laboratory
results, and to do so, stated the need for an increased variety
of online SLE information and the desire to exchange personal
experiences and knowledge of SLE with others. Additionally,
respondents mentioned the need to diversify the methods of
delivering internet-based SLE information.
Understanding flares or changes in symptoms and/or
laboratory results. Participants indicated the difficulty understanding flare activity, especially when experiencing new/
changed symptoms or laboratory results. They stated that they
were likely to seek online information that would help explain and
better manage their flares.
Need for increased variety of SLE information online. The
lack of change in SLE information online over time was voiced as
an issue by most participants. They noted the need for websites
to better reflect more recent clinical findings, including information on the cause, diagnosis, and different aspects and types of
SLE. Offering this information was seen as an important way to
learn the language and concepts to enhance their communication with their physicians and peers.
Need for updated information on SLE treatments and
research. Participants desired more materials on medications,
treatments, and progress on cures for SLE, particularly on medication side effects, new/alternative (“natural”) treatments (i.e.,
acupuncture) and medication options. Some indicated wanting to learn about treatment options that might differ from their
physician’s recommendations or from their current plan, particularly regarding options that would take effect more quickly.
Others mentioned wanting to use the internet to identify financial resources such as programs that assist patients in paying
for medications.

Figure 1. How participants use the internet for information about their systemic lupus erythematosus (SLE).
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Table 3. Illustrative quotations from participants for major themes: understanding flares or changes in symptoms and/or laboratory results and
need for increased diversity in the methods of delivering digital SLE information*
Themes

Quotations

Understanding flares or changes in
symptoms and/or laboratory
results
Need for increased diversity in the
methods of delivering digital SLE
information

“I would like to use the internet to find information on what happens during flares and instructions to
how to deal with the problem and issue.”
“If there’s a flare or a new symptom, I might look [online] to see if I can find anything to help explain it
to me.”
“When I get lab results back and things drastically change.”
“I would like to use an app where you can input things you need at the time of a flare and help you.”
“I would like a cell phone app for lupus for general information and connections with people.”
“There is not enough video information. I want to see more virtual talking information delivery, rather
than reading.”

* SLE = systemic lupus erythematosus.

Participants also voiced the need for more information regarding ongoing medical research for SLE, which include studies that
focused on medications, treatments, or cures. Others mentioned
biologic or clinical studies. The internet was also seen as a way to
find opportunities to participate in research studies.
Desire for information about healthy lifestyle behaviors for
patients with SLE. Respondents stated wanting more online information on nutrition, including the potential benefits or lack of
benefits of herbal supplements, diet, and exercise related to their
SLE, particularly information that will help them feel better and
become more motivated to be healthy.
Desire to exchange personal experiences and knowledge
about SLE with others using support groups and chat rooms.
Many respondents would like the ability to interact with people
within the SLE community, not only in a virtual sense (i.e., chat
Table 4.

rooms or online support groups), but also in finding local support
groups to engage with other patients face-to-face. Some desired a facilitator to help connect them to others online.
Desire to connect with SLE-
related programs and
resources. Respondents mentioned the internet as a way to help
them to connect with other programs or resources. Many had
a general desire for more information, while others specifically
requested notifications as a way to be reminded of SLE-related
events or interesting materials to read. Overall, participants desired having someone who can recommend or guide them to
resources that would be most appropriate for them.
Desire to learn from other patients with SLE. The means
to connect with other patients online were seen as opportunities to exchange their disease experiences, obtain specific tangible skills in managing SLE, and learn how others

Illustrative quotations from participants for major theme: need for increased variety of SLE information online*

Subthemes
Need for new and
diverse material on
SLE

Need for more current
information
treatments and
research on SLE

Desire for more
information related to
healthy lifestyle
behavior for SLE
patients

Quotations
“Information is relatively easy to find. That’s not the problem. Nothing has changed much. So, if there is more new
information online, I would be more likely to use the internet. So that’s why I haven’t been online too much.”
“I would like to see different aspects of lupus…different diagnoses.”
“I would like to see online more information on the cause of lupus.”
“I would like to see more information on the breakdowns of the way you form lupus.”
“I would be more likely to use the internet if there was more variety in information, so that you can be better
educated and converse with the doctor better.”
“A lot of stuff she doesn’t see it [online]…for lupus, you never see the same symptoms or experience ability to be
connected with others with similar situations.”
“I would like to see certain cures for the causes of the symptoms for lupus.”
“I would like to use the internet for medication side effect information. There’s not enough info on medications.”
“If something big were to happen like a new treatment were to come out, then I would use the internet more.”
“Seems like I have been on same medication for years. Seems like if you have flares, they just give you steroids. I
would be more likely to use the internet to find other things that can help control the disease.”
“I would like to see more information on how people have been benefited from more natural treatments.”
“I would like to see more information on other options on medications different from those of my physician.”
“I would like to see more information on actually [other] drugs that do not take 3 to 6 months for effect to occur.”
“I would like to use the internet for patient assistance programs on medications.”
“I would like to use the internet to obtain updates on what research is going on…what are LFA funds being used
[for]? How close is WashU to a cure? Is it just treatment, or actively looking for cure?”
“I would like more information on clinical studies.”
“I would like to use the internet to see more information on biological research.”
“If she can help and get involved with the studies. We don’t know about new studies.”
“I would like to see online information on more accurate diet changes for lupus.”
“Yeah. I use [the internet] all the time. I read an article about somebody who had lupus for a long time. They
started eating herbal things, and she says she no longer has lupus by eating different and taking these herbal
supplements. She no longer has it. Or it’s dormant, 1 of the 2.”
“I would like to see online more information about dietary stuff and exercise for lupus patients that would
encourage people to be as fit as they could be.”

* LFA = Lupus Foundation of America; SLE = systemic lupus erythematosus; WashU = Washington University.
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Table 5.
others*
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Illustrative quotations from participants for major theme: desire to exchange personal experiences and knowledge about SLE with
Subthemes

Quotations

Desire to find assistance in
connecting with other people
and in locating support
groups, chat rooms, or other
SLE related events

“I would like to use the internet to obtain the ability to connect with more lupus people within the
community.”
“More online chat room or support group that would make [me be] on the internet more. I currently have no
active support group.”
“I would be more likely if I had the resources in finding more local support groups, closer to home more
connection so that I can meet face-to-face.”
“When connecting chat rooms, I would like to have a facilitator to help connect people.”
“Like somebody just by telling their story can help me. It is very hard to talk to people that don’t know what
living with SLE is like. They look at you, and say, ‘Come on, you’ll feel better. You’ll snap out of it.’”
“I want to see how other lupus patients cope/live their lives.”
“Being able to share something in these chat rooms and having the possibility to talk with others about filing
for disability. Maybe a forum like these would have helped during the struggles that I went through when
applying for disability.”
“I would like to use the internet to learn and know about what other people are going through. Learning
from other people about diseases, and know that you’re not alone.”
“I tend to trust somebody that has been in my shoes. If I knew that someone on the internet shared my
experience, then I would be less likely to not pay attention. They know things that the book don’t touch on.
They actually been in contact with it through a family member or something when communicating.”
“I would be more likely to use the internet if there were more physician-based websites or chat rooms…
because I do not trust info [online] that much.”
“More information out there is better, especially if it’s coming from doctors. I can be annoyed when it is just
a bunch of people telling their opinions, or if people are arguing over what the best thing to do is.”
“If there is a lupus page where you can actually ask questions to somebody, and experts can help and
answer questions, send messages back and forth.”
“I would like to see online more information about programs, more advertisement for it about lupus and
different programs or events.”
“I would be more likely to use the internet if there was a specific page that I knew about or referred to.”
“I would be more likely to use the internet if there were notifications about interesting stuff to read.”
“I would be more likely to use the internet when having a facilitator or someone to help connect people to
online sources.”

Desire to learn from other
patients with SLE

Desire to use the internet for
obtaining information from
patients with SLE, experts,
and physicians

Desire to connect with
SLE-related programs and
resources.

* SLE = systemic lupus erythematosus.

emotionally cope with SLE. This connection was particularly
important, since most people do not know what living with
SLE is like. Patients also saw the internet as a place to obtain
information that they did not know existed or needed (e.g.,
filing for disability). These comments highlighted the fact that
the internet can help patients know that they are not alone in
their experiences.
Desire to use the internet for obtaining information from
patients with SLE, experts, and physicians. Although experiential
advice from patients with SLE was generally seen as important,
some respondents specified that they are less likely to trust information provided by patients who had not “been in their shoes.”
Others voiced that they do not trust information online without
the presence of physicians or health care experts, because
they can “be annoyed when it’s just a bunch of people…arguing.” Therefore, many participants would be more likely to use
DHIs if more physicians and experts were present on websites
and/or in chat rooms to answer questions and provide reliable
information.
Need for increased variety in the platforms of delivering
digital SLE information. Last, respondents suggested the need
for varied platforms that provide SLE information, beyond website articles. Some desired the development of a cell phone app
that can help manage their disease (i.e., recording flares), educate them about their SLE, and connect with others.

DISCUSSION
Our results indicate that the majority of respondents obtain
SLE information online and are interested in further obtaining it
digitally. Patients indicated that limitations to digital resources were
not related to access (internet or devices), but rather to the content
and source of internet resources. Our study reveals that concrete
recommendations for developing new or modifying existing DHIs
include 1) customizing interventions so that patients with SLE can
find pertinent information for their needs, like understanding new
symptoms or changes in laboratory results, 2) providing a broad
range of SLE-related topics, including medications or lifestyle-
nutrition, 3) providing structures for patients to exchange personal
experiences and knowledge about SLE with others, and 4) diversifying how digital SLE information is delivered to better accommodate wider ranges of learning styles. Other considerations are
discussed below.
Our study confirms what others have found in terms of the
potential benefits of DHIs (39). However, our findings go beyond
previous work by highlighting the need for a digital platform that
is customizable to individual patients through a modular format
where they can pick their informational needs and a virtual function where patients can receive emotional and appraisal support.
It takes approximately 5 to 6 years to be diagnosed with SLE from
symptom onset (40). During those initial years after disease onset
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(41,42), SLE symptoms greatly vary and cause patients to have
difficulty managing and finding information related specifically to
the nature of their disease manifestation.
The diverse nature of SLE necessitates the development of
interventions where the information provided is highly dynamic,
recognizing that symptoms are constantly changing, and that are
adaptable to each patient’s unique situation. The new information
our participants are hoping to see is not just recently discovered
research material, but also information that they have not seen nor
needed before, because they are experiencing variations in symptoms or medication side effects. The movement toward customizable interventions can be seen as organizations like the Lupus
Foundation of America and their SELF program are also studying
the benefits (43). New digital technologies such as advanced tailoring algorithms and virtual reality can provide opportunities to
overcome the historically static nature of online SLE information
so patients can access what they need as their needs change.
Another consideration in developing DHIs is how patients
trust different online resources. Studies have shown that trust
in websites is highly dependent on the apparent affiliation that
source has with well-known health care organizations (44). Our
study found similar responses by participants who were more
likely to trust websites with SLE providers present to validate
content and answer questions. Our findings go beyond previous
studies in highlighting the fact that information is also considered
trustworthy when provided by someone who has “been in their
shoes.” This finding suggests that patients seek medical knowledge from health care providers, and experiential knowledge from
other patients with SLE. In other words, there needs to be a match
between the source of the information and the information patients
want from that source to find the information trustworthy.
DHIs can also serve as a tool to improve consistency of
SLE information and patient experiences among DHIs, patients,
and health care providers. Because SLE does not present in a
clearly defined and consistent manner for every patient, expectations between health care providers and patients differ. Therefore,
it is very difficult for patients’ experiences and their physicians’
advice to mimic what they obtain online. This discordance could
have hindered patients from appraisal-related support for their
experiences.
For instance, our participants described the fact that several
online resources highlight the proximity of a cure, an expectation many rheumatologists would argue is unrealistic based on
current research. However, because of the perceived or real messages online, participants felt upset that their physicians were not
telling them more about it. As DHIs are more widely used, the need
for patients to corroborate online information with their physicians
is crucial. However, in communicating with patients, health care
providers must recognize the potential for new treatments to preserve patient hope for better disease outcomes, while maintaining the professional duty of only recommending clinically proven
treatments to ensure that there is no patient harm or misplaced
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expectations. The current lack of consistency between internet-
provided and physician-
provided information emphasizes the
importance of developing DHIs that recognize the differences and
provide tools for both physicians and patients to improve their
abilities to question these discrepancies and respond to each
other’s inquiries.
Having used a convenience sampling method, we recognize
the possibility of selection bias. With an all-female sample, we
understand that this study may not be generalizable to patients
with other gender identities, and that there may be other demographic differences (i.e., age). Another possible bias that could
arise would be varying disease activity among patients. Those
who were experiencing flares during recruitment may have been
less likely to participate, compared to those who were there for
routine examinations. Unfortunately, reasons for rejecting the invitation to this study were not recorded.
The interview included closed-and open-ended questions.
Future research should consider more expansive qualitative
interviews to obtain more in-
depth responses and further our
understanding of how patients with SLE use digital resources.
Open-
ended questions were asked at the end of interviews
and may reveal biases related to collecting responses based
on the interviewers’ interests. Administering interviews before
patients’ clinical appointments could have influenced those who
were in a rush to see their physician. However, we saw potential
benefits of a clinical setting that include interacting with patients
who are already in a mindset to focus on their SLE, rather than
asking them to make even more of their time available elsewhere.
Our sample was primarily urban and suburban. With uneven
distribution of internet access across geographic regions, patients
with SLE in other locations (i.e., rural) might experience barriers to DHIs. Some patients who have had SLE for a long time
indicated that they no longer needed additional SLE resources.
Others stated that their physicians were sufficient in helping with
their SLE. This finding suggests that collecting disease duration
information would be important in the future to compare how disease duration influences expectations and experiences with DHIs.
The digital divide, the gap between people who do and do
not have access to information and communication technology,
has been associated with individual (e.g., age, income, education) (45) and geographic (e.g., urban/rural) characteristics. Physical access to devices and internet connectivity was not an issue
for the majority of our participants, regardless of socioeconomic
status. As the digital divide shifts to a growing gap of digital skills
(ability to command technology) and usage (use of different applications/programs) (31), future studies should focus to further
understand the digital divide specifically present in the SLE population. In all, 20% of our participants indicated that they would
not use the internet for their SLE for multiple reasons, as reported
in the quantitative results. Future studies exploring these barriers
will enhance our ability to address these limitations and concerns
when developing DHIs.
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Our findings continue to support the use of DHIs for patients
with SLE. The majority of our participants currently use the internet
for their SLE and were excited to share suggestions for the development of SLE-specific DHIs. Because many suggestions were
new to the research team, we also recognized the importance
of including patients in the development process (18,23,30,31).
In future studies, investigating how patients use and understand
information provided will be significant in ensuring that patients
effectively leverage interventions developed for them.
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Cachexia in Systemic Lupus Erythematosus: Risk Factors
and Relation to Disease Activity and Damage
George Stojan,1
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Objective. Cachexia is a disorder characterized by involuntary weight loss in addition to loss of homeostatic
control of both energy and protein balance. Despite an abundance of data from other inflammatory diseases, cachexia
in systemic lupus erythematosus (SLE) remains a largely undescribed syndrome. The present study was undertaken
to define the prevalence of cachexia in SLE and to identify the main factors that place patients at risk of developing
cachexia.
Methods. A total of 2,452 patients in a prospective SLE cohort had their weight assessed at each visit. Patients
were categorized into 5 predetermined groups based on weight. Cachexia was defined based on modified Fearon
criteria (5% stable weight loss in 6 months without starvation relative to the average weight in all prior visits and/
or a weight loss of >2% without starvation relative to the average weight in all prior cohort visits and a body mass
index [BMI] of <20 kg/m2). Risk of cachexia within 5 years of cohort entry was based on Kaplan-Meier estimates.
The association of prior disease manifestations with risk of cachexia adjusted by current steroid use was determined
using Cox regression. An analysis of variance test was used to determine whether Systemic Lupus International
Collaborating Clinics/American College of Rheumatology Damage Index (SDI) scores varied based on cachexia status.
Results. Within 5 years of cohort entry, 56% of patients developed cachexia, 18% of which never recovered
their weight during follow-up. The risk factors for cachexia development were a BMI of <20 kg/m2, current steroid
use, vasculitis, lupus nephritis, serositis, hematologic lupus manifestations, positive anti–double-stranded DNA, anti-
Sm, and anti-RNP. Patients with intermittent cachexia had significantly higher SDI scores compared to those with
continuous cachexia or without cachexia.
Conclusion. Cachexia is an underrecognized syndrome in patients with SLE. SLE patients with intermittent
cachexia have the highest risk of future organ damage.
INTRODUCTION
Weight loss is a common manifestation in systemic lupus
erythematosus (SLE), with an incidence ranging between 17%
and 51% in a large series (1). The extent of weight loss is generally described as being <10%, and it usually precedes the diagnosis of SLE (2). Since it is so common, several disease activity
indices record weight loss. The British Isles Lupus Assessment
Group index records both anorexia and unintentional weight
loss (>5%) under constitutional or general features (3). In the
Systemic Lupus Activity Measure, Revised (4), weight loss can
be recorded as mild if <10% of preexisting body weight, and

severe if >10% of body weight. On the other hand, the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI)
and European Consensus Lupus Activity Measure do not record
weight loss (2).
Cachexia is a disorder characterized by involuntary weight
loss in addition to loss of homeostatic control of both energy and
protein balance (5). It is distinct from starvation and simple malnutrition, which are readily reversible by the provision of adequate
nutrients. It has been described in an entire range of disorders
including malignant disease, heart failure, renal disease, chronic
obstructive pulmonary disease, neurologic disease, AIDS, and
rheumatoid arthritis (6). Cachexia has been shown to lead to
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SIGNIFICANCE & INNOVATIONS
• Cachexia is an underrecognized syndrome in patients with systemic lupus erythematosus (SLE) affecting >50% of patients.
• Most SLE patients recover their previous weight
over time, but 18% of patients have continuous cachexia.
• The risk factors for cachexia development were a
body mass index of <20 kg/m2, current steroid use,
vasculitis, lupus nephritis, serositis, hematologic lupus, positive anti–double-stranded DNA, anti-Sm,
and anti-RNP.
• SLE patients with intermittent cachexia have significantly higher risk for future organ damage compared to patients without cachexia and those with
continuous cachexia.

progressive functional impairment, treatment-
related complications, poor quality of life, and increased mortality (7).
Cachexia is formally defined based on 2 sets of criteria: the
Fearon and Evans criteria (8–10). Fearon criteria are defined as
a 5% stable weight loss in 6 months without starvation and/or a
weight loss of >2% and a body mass index (BMI) of <20 kg/m2
and/or an appendicular skeletal muscle index consistent with sarcopenia (male patients <7.26 kg/m2; female patients <5.45 kg/
m2) and any degree of weight loss that is >2% (8). The Evans criteria are defined as a 5% weight loss in the past 12 months or
a BMI of <20 kg/m2 with C-reactive protein level of >5 mg/liter,
hemoglobin <12 gm/dl, albumin <3.2 gm/dl, fatigue, anorexia, and
decreased muscle strength (8).
Despite an abundance of data from other inflammatory diseases, cachexia in SLE remains a largely undescribed syndrome
despite the observation that weight loss is common. We thus
sought to define the prevalence of cachexia in SLE and to identify
the main factors that place patients at risk of developing cachexia.

PATIENTS AND METHODS
As previously described (11), the Hopkins Lupus Cohort is
a prospective cohort study of predictors of lupus flare, atherosclerosis, and health status in SLE. The study cohort includes all
patients at the Hopkins Lupus Center who have a clinical diagnosis of SLE and give informed consent to participate in the study.
Subjects enrolled in the cohort are followed quarterly or more
frequently if clinically necessary. The clinical features, laboratory
testing, and damage accrual data are recorded at the time of entry
into the cohort and are updated at subsequent visits. The Hopkins
Lupus Cohort has been approved by the Johns Hopkins University School of Medicine Institutional Review Board and complies
with the Health Insurance Portability and Accountability Act. All
patients gave written informed consent.
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Ninety-five percent of patients fulfilled ≥4 of the American College of Rheumatology (ACR) 1982 revised classification criteria for
SLE (12,13) and the Systemic Lupus International Collaborating
Clinics (SLICC) classification criteria for SLE (14). Disease activity
was measured using the Safety of Estrogens in Lupus Erythematosus National Assessment (SELENA) version of the SLEDAI (15)
and physician global assessment (16).
Patients with malignancy, severe renal failure (glomerular
filtration rate <20 ml/minute), chronic liver disease, and diabetes mellitus were excluded from the study. Visits at which patients
were pregnant were excluded from the analyses.
A total of 2,452 adult patients (ages >18 years) who had their
weight assessed at each visit were included in the study. Weight
was measured at each clinic visit with the participant wearing light
indoor clothes without shoes and using a high-quality, calibrated
digital scale. Height was measured once at cohort entry using a
calibrated, wall-mounted stadiometer.
Mean ± SD follow-up time was 7.75 ± 6.85 years. Patients
were recruited between April 1987 and June 2016. The average ± SD number of weight measurements per person was
23.97 ± 17.3.
Patients were categorized into 5 predetermined groups
based on weight: low (BMI <20 kg/m2), normal weight (reference,
BMI 20–
24.9 kg/m2), overweight (BMI 25–
29.9 kg/m2), obese
2
(BMI 30–34.9 kg/m ), and severely obese (BMI >35 kg/m2).
Cachexia was defined based on modified Fearon criteria as
5% stable weight loss in 6 months without starvation relative to
the average weight in all prior cohort visits and/or a weight loss of
>2% without starvation relative to the average weight in all prior
cohort visits and a BMI of <20 kg/m2. The Evans criteria could not
be used due to lack of data.
The overall proportion of participants who developed
cachexia per the Fearon criteria within 5 years was estimated using
Kaplan-
Meier survival analysis. The percentage of participants
who regained their original weight within 12 months and 5 years
following their cachexia diagnosis was calculated and defined as
intermittent cachexia. Those participants who never regained their
original weight were classified as having continuous cachexia.
The association of prior disease manifestations with risk of
cachexia adjusted by current glucocorticoid use was determined
using Cox regression. An analysis of variance test was used to
determine whether the SLICC/ACR Damage Index (SDI) scores
varied based on whether participants never had cachexia, had
intermittent cachexia, or had continuous cachexia based on the
Fearon criteria.

RESULTS
The risk of cachexia development within the first 5 years of
cohort entry based on Kaplan-Meyer estimates is presented in
Table 1. Fifty-six percent of patients met the Fearon criteria. As
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Table 1. Risk of cachexia (Fearon criteria) within 5 years of cohort entry*

Patient characteristic
All (n = 2,286)†
Age group
<30 years (n = 751)
30–44 years (n = 920)
45–59 years (n = 492)
≥60 years (n = 123)
Race
White (n = 1,209)
Black (n = 908)
Asian (n = 87)
Other (n = 82)
Sex
Female (n = 2,113)
Male (n = 173)
Initial BMI, kg/m2
<20 (n = 194)
20–24.9 (n = 690)
25–29.9 (n = 564)
≥30 (n = 838)
Steroid use
None
Current steroid use
Antibody profiles
Anti-dsDNA (n = 856)
Anti-Sm (n = 307)
ANA (n = 1,251)
Anti-La (n = 179)
Anti-RNP (n = 405)
Lupus anticoagulant
(n = 179)
Anti–β2-glycoprotein
(n = 279)
Lupus manifestations
(cumulative)
Skin (n = 1,155)
Musculoskeletal (n = 1,196)
Renal (n = 719)
Hematologic (n = 1,116)
Serositis (n = 934)
CNS (n = 830)
Vasculitis (n = 221)

% of patients
with cachexia
(95% CI)

P for difference
by patient
characteristic

56.3 (54.3–58.4)
58 (53–62)
56 (47–58)
53 (47–58)
59 (48–69)
53.9 (51.1–56.7)
58.8 (55.6–62.0)
58.6 (47.9–68.6)
62.2 (51.1–72.1)
56.5 (54.3–58.6)
54.3 (46.8–61.7)
73.2 (66.5–79.0)
56.7 (52.9–60.3)
58.5 (54.3– 62.5)
50.7 (47.3–54.1)
52.4 (49.6–55.2)
61.1 (58.1–64.0)

0.73

0.03

0.37
<0.001

<0.001

59.8 (57.3–62.3)
66.3 (61.9–70.5)
56.7 (54.6–58.8)
62.8 (57.0–68.2)
62.8 (59.0–66.4)
61.2 (58.3–64.1)

<0.01
<0.001
0.38
0.03
<0.001
0.20

65.6 (61.0–70.0)

0.38

57.1 (54.9–59.2)
56.9 (54.7–59.0)
62.1 (59.3–65.9)
58.7 (56.4–60.9)
60.5 (58.1–63.0)
60.4 (57.8–63.0)
67.0 (61.7–71.9)

0.38
0.78
<0.001
<0.001
<0.01
0.13
<0.001

* 95% CI = 95% confidence interval; ANA = antinuclear antibody; anti-
dsDNA = anti–double-stranded DNA; BMI = body mass index; CNS =
central nervous system.
† Due to lack of data, specifically missing height measurements, the
final analysis included 2,286 patients.

displayed in Table 2, 34% of participants who developed cachexia
recovered within 12 months, while 45.6% recovered by the end
of the study period. Eighteen percent of participants remained

cachectic at the end of the study period. The main risk factors for
cachexia development were a BMI of <20 kg/m2 at cohort entry,
current glucocorticoid use, vasculitis, lupus nephritis, serositis,
hematologic manifestations, positive anti–double-stranded DNA
(anti-dsDNA), anti-Sm, and anti-RNP.
The rate ratio comparing those with prior disease manifestations to those without with respect to the incidence of cachexia
is presented in Table 3. Lupus nephritis (P < 0.001), vasculitis (P < 0.001), serositis (P = 0.001), and hematologic lupus
(P = 0.001) were significantly associated with the development of
cachexia after adjustment for prednisone use.
Table 4 presents the rate ratio comparing those with disease
activity in the preceding 3 months as measured by the SELENA
version of the SLEDAI to those without disease activity in the
preceding 3 months with respect to the incidence of cachexia.
Only the presence of renal activity was significantly associated
with cachexia development.
Table 5 compares future organ damage as measured by
SDI scores between patients with continuous cachexia, intermittent cachexia, and those who never develop cachexia. Patients
with intermittent cachexia were more likely to develop cataracts
(P < 0.001), retinal change or optic atrophy (P < 0.01), cognitive
impairment (P < 0.01), cerebrovascular accidents (P < 0.01), cranial or peripheral neuropathy (P < 0.001), pulmonary hypertension
(P < 0.001), pleural fibrosis (P < 0.001), angina or coronary artery
bypass (P < 0.05), infarction or resection of bowel (P < 0.05),
deforming or erosive arthritis (P < 0.001), osteoporosis (P < 0.001),
avascular necrosis (P < 0.001), and premature gonadal failure
(P < 0.05). Patients with continuous cachexia were more likely to
have an estimated glomerular filtration rate (eGFR) of <50 ml/minute (P < 0.01), proteinuria >3.5 gm/day (P < 0.05), and end-stage
renal disease (P < 0.05). Patients who never developed cachexia
were less likely to develop malignancy (P < 0.01), diabetes mellitus (P < 0.05), valvular disease (P < 0.05), and cardiomyopathy
(P < 0.001).

DISCUSSION
It is tempting to draw a parallel between cachexia in SLE
and cancer cachexia. Within 5 years of cohort entry, >50% of the
Hopkins Lupus Cohort patients developed cachexia as defined
by the Fearon criteria. In comparison, Dewys et al (17) reported
a cachexia prevalence of 54% among 3,047 patients with cancer

Table 2. Cachexia resolution using Fearon criteria over the 12 months following diagnosis and
over the entire study period

Cachexia resolution
Never diagnosed with cachexia
Intermittent (resolved)
Continuous (never resolved)
Total

1579

No. of
patients at
12 months

% at 12
months

No. of patients
over entire
study period

% over
entire study
period

832
777
677
2,286

36.4
34.0
29.6
100.0

832
1,043
411
2,286

36.4
45.6
18.0
100.0
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Table 3. Rate ratio comparing patients with prior disease manifestation
to patients without prior disease manifestation with respect to incidence of
cachexia*
Prior disease
manifestation

Crude rate
ratio (95% CI)

P

Adjusted rate
ratio (95% CI)†

P

Skin
Musculoskeletal
Serositis
Neurologic
Renal
Hematologic
Vasculitis
Constitutional

1.08 (0.90–1.30)
1.03 (0.83–1.27)
1.22 (1.08–1.38)
1.09 (0.97–1.22)
1.42 (1.27–1.58)
1.32 (1.13–1.56)
1.36 (1.18–1.57)
1.00 (0.78–1.29)

0.38
0.78
0.001
0.13
<0.001
0.001
<0.001
0.97

1.10 (0.92–1.31)
1.01 (0.81–1.25)
1.15 (1.01–1.30)
1.07 (0.96–1.20)
1.33 (1.19–1.49)
1.26 (1.07–1.48)
1.28 (1.11–1.48)
1.40 (1.25–1.56)

0.32
0.93
0.03
0.23
<0.001
0.01
0.001
<0.001

* 95% CI = 95% confidence interval.
† Adjusted by current steroid use.

enrolled in 12 chemotherapy protocols. The reported prevalence
of cachexia by cancer site is 48.9% for head and neck, 34% for
leukemia/lymphoma, 45.3% for lung, 39.3% for colon/rectum,
66.7% for pancreas, 20.5% for breast, and 13.9% for prostate
(18). The prevalence of cachexia in SLE was thus comparable to
that reported in cancer. In contrast to cancer-related cachexia, a
large proportion of SLE patients (45.6%) recover their previous
weight, but 18% of SLE patients remain cachectic throughout their
follow-up. This high recovery rate may be attributable to improved
disease activity and decreased systemic inflammation, a concept
that remains controversial in cancer-related cachexia (19).
Development of cachexia was significantly more likely among
those with a BMI of <20 kg/m2, current steroid use, vasculitis,
lupus nephritis, serositis, hematologic lupus, positive anti-dsDNA,
anti-Sm, and anti-RNP. After adjustment for prednisone use, only
patients with musculoskeletal, skin, and neurologic manifestations
were not at risk of developing cachexia, indicating a broad correlation with different disease manifestations.
SLE patients with continuous cachexia were more likely to
have renal damage (eGFR <50 ml/minute, end-stage renal disease, proteinuria ≥3.5 gm/day). In contrast, patients with intermittent cachexia were at higher risk of damage across the board,
with a significantly higher risk of avascular necrosis, osteoporosis,

Table 4. Rate ratio comparing patients with recent activity to
patients without recent activity with respect to incidence of cachexia*
Disease activity in preceding
3 months as measured by
components of the SLEDAI
Skin activity
Musculoskeletal activity
Renal activity
Hematologic activity
Serositis activity
CNS activity
Vasculitis activity
Constitutional activity

Rate ratio
(95% CI)

P

1.1 (0.9–1.3)
0.9 (0.8–1.1)
1.3 (1.1–1.5)
0.9 (0.7–1.1)
1.2 (0.9–1.7)
0.9 (0.6–1.3)
1.2 (0.7–1.9)
1.3 (0.6–2.9)

0.25
0.51
0.0048
0.34
0.20
0.53
0.52
0.44

* 95% CI = 95% confidence interval; CNS = central nervous system;
SLEDAI = Systemic Lupus Erythematosus Disease Activity Index.

erosive or deforming arthritis, cardiomyopathy, pulmonary hypertension, pleural fibrosis, and cataracts.
The mechanisms underlying the cachexia phenomenon in
SLE have not been previously studied, but there are extensive data
from basic and clinical cancer studies that may be relevant to SLE.
Tumors secrete a range of pro-cachexia factors that are thought
to be unique to cancer-related cachexia and colloquially termed
the “tumor secretome” (5). Proinflammatory mediators of cachexia
arising from tumor–immune system cross-talk include interleukin-6
(IL-6), IL-1, tumor necrosis factor (TNF), interferon-γ (IFNγ), TNF
receptor–associated factor 6 (TRAF6), Il-11, Il-17, oncostatin M,
and TWEAK (also known as TNFSF12) (5). Every single proinflammatory cytokine mentioned as part of the tumor secretome has a
role in lupus pathogenesis: failure in the inhibition of IL-1 activation
is a critical event in the active stages of SLE (20); increased serum
level of TNF is observed in SLE patients and is associated with
disease activity (21); IL-6 plays a critical role in B cell hyperactivity
and pathophysiology of human SLE (22); IFNγ hyperproduction is
required for lupus development, presumably by increasing major
histocompatibility complex expression and autoantigen presentation to otherwise quiescent nontolerant anti-self T cells (23); TRAF6
is associated with SLE (24); and raised levels of urinary and serum
soluble TWEAK correlate with renal disease activity in patients with
lupus nephritis (25). This suggests that there may be a common
pathway leading to cachexia across different chronic diseases and
that the mechanism may not be unique to the tumor secretome.
The lower risk of cachexia in patients with skin and musculoskeletal manifestations of lupus could potentially be explained by mechanistic differences and activation of different pathways that may
have an opposite effect on catabolism.
It is known that cancer cachexia has a negative effect on
quality of life, physical function, treatment tolerance, and overall mortality, with cachexia being the cause of death in 30% of cancer patients (26), but the effect of cachexia on physical function,
well-being, and other measures of quality of life in SLE is unknown
and requires further study. Paradoxically, the main shortcoming of
our study includes the use of BMI as a measure of weight because
BMI is a rather poor indicator of percent of body fat (27) and does
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Table 5. Systemic Lupus International Collaborating Clinics/American College of Rheumatology
Damage Index (SDI) scores in patients without cachexia, with intermittent cachexia, and with
continuous cachexia (n = 2,455)*
Item
Ocular
Any cataract ever
Retinal change or optic atrophy
Neuropsychiatric
Cognitive impairment
Seizures
Cerebrovascular accident ever
Cranial/peripheral neuropathy
Transverse myelitis (P = 0.14)
Renal
eGFR <50 ml/minute
Proteinuria ≥3.5 gm/day
End-stage renal disease
Pulmonary
Pulmonary hypertension
Pulmonary fibrosis
Shrinking lung
Pleural fibrosis
Pulmonary infarction
Cardiovascular
Angina or coronary artery bypass
Myocardial infarction ever
Cardiomyopathy
Valvular disease
Pericarditis or pericardiectomy
Peripheral vascular
Claudication for 6 months
Minor tissue loss
Significant tissue loss
Venous thrombosis
Gastrointestinal
Infarction or resection of bowel
Mesenteric insufficiency
Chronic peritonitis
Stricture or upper GI tract surgery
Musculoskeletal
Muscle atrophy or weakness
Deforming or erosive arthritis
Osteoporosis
Avascular necrosis
Osteomyelitis
Skin
Scarring chronic alopecia
Extensive scarring or panniculum
Skin ulceration
Premature gonadal failure
Diabetes mellitus
Malignancy
Total

Never

Intermittent

Continuous

P

0.12 ± 0.33
0.03 ± 0.16

0.25 ± 0.43
0.06 ± 0.24

0.16 ± 0.37
0.04 ± 0.19

<0.001
0.01

0.05 ± 0.21
0.05 ± 0.21
0.08 ± 0.31
0.06 ± 0.23
0.01 ± 0.05

0.09 ± 0.29
0.03 ± 0.18
0.12 ± 0.38
0.13 ± 0.33
0.01 ± 0.10

0.07 ± 0.25
0.05 ± 0.22
0.07 ± 0.29
0.07 ± 0.26
0.01 ± 0.10

0.01
0.05
0.01
<0.001
0.14

0.05 ± 0.21
0.07 ± 0.26
0.11 ± 0.57

0.06 ± 0.24
0.08 ± 0.27
0.15 ± 0.65

0.09 ± 0.29
0.12 ± 0.32
0.22 ± 0.78

0.01
0.02
0.02

0.03 ± 0.16
0.06 ± 0.24
0.01 ± 0.06
0.01 ± 0.12
0.01 ± 0.06

0.07 ± 0.25
0.10 ± 0.30
0.01 ± 0.08
0.05 ± 0.21
0.01 ± 0.08

0.05 ± 0.22
0.06 ± 0.23
0±0
0.02 ± 0.13
0.01 ± 0.09

<0.001
0.01
0.28
<0.001
0.60

0.03 ± 0.16
0.04 ± 0.22
0.02 ± 0.13
0.02 ± 0.13
0.01 ± 0.12

0.05 ± 0.22
0.05 ± 0.24
0.04 ± 0.20
0.04 ± 0.19
0.02 ± 0.13

0.04 ± 0.19
0.06 ± 0.26
0.05 ± 0.23
0.03 ± 0.16
0.03 ± 0.17

0.03
0.34
<0.001
0.03
0.18

0.01 ± 0.11
0.01 ± 0.05
0.01 ± 0.12
0.05 ± 0.21

0.02 ± 0.13
0.01 ± 0.09
0.02 ± 0.19
0.03 ± 0.18

0.01 ± 0.12
0.02 ± 0.13
0.01 ± 0.09
0.03 ± 0.18

0.64
0.02
0.04
0.27

0.13 ± 0.39
0.01 ± 0.05
0.01 ± 0.05
0.01 ± 0.09

0.17 ± 0.41
0.01 ± 0.08
0.01 ± 0.06
0.01 ± 0.09

0.13 ± 0.38
0±0
0.01 ± 0.07
0.02 ± 0.14

0.04
0.20
0.76
0.11

0.02 ± 0.15
0.04 ± 0.20
0.07 ± 0.25
0.13 ± 0.45
0.01 ± 0.08

0.03 ± 0.18
0.09 ± 0.28
0.19 ± 0.39
0.22 ± 0.55
0.01 ± 0.09

0.01 ± 0.11
0.06 ± 0.24
0.09 ± 0.29
0.12 ± 0.43
0.01 ± 0.05

0.08
<0.001
<0.001
<0.001
0.44

0.03 ± 0.20
0.01 ± 0.12
0.01 ± 0.10
0.03 ± 0.18
0.06 ± 0.24
0.09 ± 0.30
1.57 ± 2.14

0.05 ± 0.21
0.03 ± 0.18
0.02 ± 0.13
0.06 ± 0.24
0.09 ± 0.29
0.14 ± 0.38
2.67 ± 2.69

0.04 ± 0.21
0.02 ± 0.14
0.01 ± 0.09
0.03 ± 0.18
0.09 ± 0.29
0.15 ± 0.38
2.12 ± 2.59

0.86
0.04
0.26
0.02
0.04
0.01
<0.001

* Values are the mean ± SD SDI scores unless indicated otherwise. Continuous cachexia is defined
as cachexia persisting within 12 months of original diagnosis; intermittent cachexia is defined as
recovery within 12 months of original diagnosis. eGFR = estimated glomerular filtration rate; GI
= gastrointestinal.

not distinguish between individuals who may have metabolic syndrome or visceral adiposity and yet develop sarcopenia. Gained
weight may consist of functional muscle mass, but it may also
be composed largely of fat or of additional water in the form of
edema, ascites, or pleural effusion (28). Ideally, cachexia would

be defined as sarcopenia based on body composition evaluation
with dual x-ray absorptiometry.
In conclusion, cachexia is an underrecognized syndrome in
SLE affecting a large proportion of patients, but which is irreversible in only 18% of patients. Those with persistent cachexia tend to
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have a higher risk of renal damage, while patients with intermittent
cachexia are at a higher risk of damage in all remaining organ
systems. Further studies are needed to elucidate the implications
of cachexia in terms of the response to treatment, long-term outcomes, quality of life, as well as its role as a potential cardiovascular risk factor in SLE.
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Associations Between Smoking and Systemic Lupus
Erythematosus–Related Cytokines and Chemokines Among
US Female Nurses
Jill Hahn,1
Cianna Leatherwood,2 Susan Malspeis,1 Xinyi Liu,1 Bing Lu,1 Andrea L. Roberts,3 Jeffrey A. Sparks,1
Elizabeth W. Karlson,1 Candace H. Feldman,1
Melissa E. Munroe,4 Judith A. James,4 Laura D. Kubzansky,3 and
Karen H. Costenbader1
Objective. Smoking has been associated with increased systemic lupus erythematosus (SLE) risk, but the biologic
basis for this association is unknown. Our objective was to investigate whether women’s smoking was positively
associated with SLE-associated proinflammatory chemokines/cytokines (stem cell factor [SCF], B lymphocyte stimulator
[BLyS], interferon-γ–inducible 10-kd protein [IP-10], and interferon-α); or negatively associated with antiinflammatory
cytokine interleukin-10 (IL-10); and whether associations were modified by SLE-related autoantibody status.
Methods. The Nurses’ Health Study (NHS, n = 121,700) and NHSII (n = 116,429) cohorts were begun in 1976 and
1989. In 1988–1990 (NHS) and 1996–1999 (NHSII), ~25% of participants donated blood samples. We identified 1,177
women without SLE with banked samples, and we tested by enzyme-linked immunoassay (ELISA) for chemokines/
cytokines as well as anti-Sm, anti-Ro/SSA, anti-La/SSB, and anti-RNP. Antinuclear antibodies (ANAs) were detected
by HEp-2 cell indirect immunofluorescence, and anti–double-stranded DNA antibodies and were assayed by ELISA.
Smoking was assessed until blood draw. Separate tobit and linear regression analyses, adjusted for potential
confounders, modeled associations between smoking and log-transformed chemokine/cytokine concentrations.
Analyses were stratified by autoantibody status. Effect estimates were calculated as ratios of geometric means
expressed as percentage differences.
Results. Among the 15% of current/recent versus 85% of past/never smokers, BLyS levels were 8.7% higher
(P < 0.01) and were 24% higher (P < 0.0001) among those who were ANA positive. Current/recent smokers had IL-10
concentrations 46% lower (P < 0.01) than past/never smokers; each 10 pack-years of smoking was associated with
a 17% decrease in IL-10 level (P < 0.001). Smoking was not associated with IP-10 or SCF.
Conclusion. Elevated BLyS and lower IL-10 levels among current smokers, particularly among ANA-positive
women, may be involved in SLE pathogenesis.
INTRODUCTION
Systemic lupus erythematosus (SLE) is a complex systemic
autoimmune disease, predominantly affecting women, which leads
to debilitating and sometimes fatal immune-complex mediated
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organ damage. Reported prevalence of SLE in the US is
20–150 cases per 100,000. Clinical classification of lupus is often
preceded by years of asymptomatic autoimmunity, including the
presence of first nonspecific and then more specific autoanti
bodies and evidence of immune dysregulation, with upregulation
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SIGNIFICANCE & INNOVATIONS
• Cigarette smoking is associated with an increased
risk for systemic lupus erythematosus (SLE), but the
biologic basis is unknown.
• We found, among female nurses without classified
SLE, that levels of the SLE-associated cytokine B
lymphocyte stimulator (BLyS) were higher in current smokers or recent quitters (within 4 years)
compared to past or never smokers, particularly in
women who were positive for antinuclear antibodies (ANA).
• These results are consistent with a model whereby smoking may increase the risk of progressing
to clinically classified SLE in ANA-positive women
in part by increasing BLyS levels, allowing survival
of more autoreactive B cells and triggering positive
feed-forward mechanisms that increase immune
dysregulation past the threshold for transition to
classified SLE.

of cytokines and chemokines (1). Since irreversible organ damage has often occurred by the time of disease classification,
identifying who is at risk is important, as well as understanding
the preclinical stages and how risk factors may influence SLE
pathogenesis, so that prevention and/or treatment strategies
can be more effective. An etiologic model suggests that environmental exposures trigger the disease in genetically predisposed
individuals (2). Evidence supports cigarette smoking as one such
environmental exposure: meta-
analyses of case–
control and
cohort studies have revealed that, compared to nonsmokers,
the odds ratio for SLE risk was ~50% elevated among current
smokers (3,4).
Antinuclear antibodies (ANAs) are present in most patients
who reach SLE classification, but a positive test for ANAs is
not prognostic because most ANA-positive individuals will not
develop SLE (5). The cytokines interferon-γ–inducible 10-kd protein (IP-10) and B lymphocyte stimulator (BLyS) are upregulated
prior to SLE classification and are hypothesized to be involved
in the etiology of SLE. A recent case–control study suggested
that elevated levels of BLyS, stem cell factor (SCF), and type I
interferons (including interferon-α [IFNα]) in ANA-positive individuals might predict progression from asymptomatic autoimmunity
to clinical SLE (6). A prospective study found that relatives of
SLE patients who themselves later developed SLE had elevated
baseline plasma levels of inflammatory mediators, including
BLyS, SCF, and interferon-associated chemokines (P ≤ 0.02),
and lower levels of immune regulatory mediators, including interleukin-10 (IL-10) (P ≤ 0.03) (7).
Cigarette smoking causes chronic inflammation and has
been reported to influence production of several inflammatory
cytokines and chemokines (8). Thus, smoking may increase SLE
risk through effects on SLE-related cytokines/chemokines. In the
current study, we examined in a cohort of female nurses whether
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smoking was associated with peripheral blood concentrations of
SLE-related cytokines/chemokines, and whether this association
differed by ANA status. We hypothesized that current or recent
(within 4 years) smoking, or higher pack-years of smoking, would
be associated with higher concentrations of BLyS, SCF, IP-10,
and IFNα, and with lower concentrations of IL-10, and we hypothesized that these associations would be stronger for women who
were ANA-positive.

SUBJECTS AND METHODS
Study population. The Nurses’ Health Study (NHS) and
NHSII are prospective cohorts of registered female nurses followed
biennially (9). Briefly, NHS, established in 1976, enrolled 121,700
nurses ages 30–55 years residing in 11 large US states. NHSII,
started in 1989, enrolled 116,670 nurses ages 25–42 years residing in 14 states. Both cohorts are predominantly White (>90%),
with >90% response rates to follow-up questionnaires and only
5% of person-time lost to follow-up (10). In 1988–1990 (NHS) and
1996–1999 (NHSII), ~25% of participants in each cohort donated
a blood sample. Women for the current study were selected
from among these participants. First, we identified 697 women
with assays for ANA, anti–double stranded DNA (dsDNA), and
extractable nuclear antigen (ENA) antibodies (including anti-Sm,
anti-RNP, anti-Ro/SSA, and anti-La/SSB) from a previous study at
Brigham and Women’s Hospital (11). After excluding 33 women
with confirmed SLE at the time of blood draw, we selected samples from the remaining participants for testing for cytokines and
chemokines.
Second, because we were specifically interested in the potential effects of Black versus White self-reported race on these SLE-
related biomarkers, we selected Black women in the NHS/NHSII
blood cohort (n = 469) who were not included in the subset for
whom immunology testing had already been done. We assayed
SLE-related cytokines and chemokines in both subsamples and
conducted autoantibody testing in the Black women who had not
been previously tested. Third, we included 44 women who had
provided a blood sample and subsequently developed SLE. The
final study sample consisted of 1,177 women. Among these, 201
self-reported a connective tissue disease (CTD) prior to the date
of the blood draw. Upon medical record review, 71 of the women
reporting CTD had at least 1 confirmed CTD symptom, 67 had
confirmed rheumatoid arthritis, 5 had polymyositis/dermatomyositis, and 3 had systemic sclerosis (11). This study was approved
by the Partners’ Healthcare Institutional Review Board.
Smoking exposure. At the cohort’s baseline, participants
reported smoking status (never/past/current) and age of smoking
initiation. Current smokers reported the number of cigarettes per
day. On subsequent biennial questionnaires, participants reported
smoking status and smoking intensity (cigarettes/day). Pack-years
of smoking up to the blood draw were calculated by multiplying
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packs per day (20 cigarettes per pack) with years during which
that quantity was smoked, such that changes of smoking intensity
over the questionnaire years was reflected in the final cumulative
average. Based on prior work in this cohort, which found that anti-
dsDNA SLE risk was elevated for current smokers and for those
who had quit within 4 years compared to those who had quit
further in the past or had never smoked (10), we classified smoking status at the time of blood draw as current or recent smoker
(quit <4 years prior), former smoker (quit >4 years prior), or never
smoked. Two women with missing data on current smoking were
assigned the mean value for the sample and included in the reference group (former or never).
Covariates. We considered factors as covariates based on
prior studies in NHS cohorts or literature demonstrating an association with smoking, SLE-related biomarkers, or SLE (10,12). We
included as potential confounders age (continuous), race/ethnicity
(White or non-White), and US census tract–based median household income. Factors assessed by self-report included body mass
index (BMI; continuous); oral contraceptive use (ever/never used),
and menopausal status/postmenopausal hormone use (premenopause, postmenopause/never used, postmenopause/past use,
or postmenopause/current use) (12). Oral glucocorticoid use,
which could potentially influence cytokine levels, was ascertained
by questionnaire at the time of blood draw. Alcohol consumption,
inversely associated with SLE risk, was assessed every 4 years
with a semiquantitative food frequency questionnaire (9). Total
alcohol intake in mean grams/day was cumulatively updated to
the time of blood draw and classified as never, >0 to <5 grams/
day, or ≥5 grams/day (9).
Biomarkers. From 1989 through 1990, 32,826 NHS participants (ages 43–70 years) provided plasma samples in heparinized
tubes. From 1996 through 1999, 29,611 participants in the NHSII
(ages 32–51 years) provided blood samples. Collection and storage procedures for the 2 cohorts were similar. Plasma BLyS, SCF,
IFNα, IL-10, and IP-10 were measured by individual ELISA assays
(BLyS and SCF: R&D Systems; IFNα: PBL Assay Science; IL-10
and IP-10: eBioscience/Invitrogen/Thermo Fisher Scientific) at the
Oklahoma Medical Research Foundation Human Phenotyping
Core Laboratory (coefficients of variation <10%). In blinded split
quality control samples, within-person variation ranged from 6%
(BLyS, SCF) to 16% (IP-10). We controlled for potential interbatch
variation using linear regression models among the common quality control samples across batches, adjusting for differences in the
residuals across batches.
ANAs (by indirect immunofluorescence on HEp-2 cells), and
anti-dsDNA and ENA antibodies (anti-Ro, anti-La, Anti-Sm, and
anti-RNP; by ELISA with established clinical cut points [Biorad])
were quantified from plasma samples (Brigham and Women’s
Hospital Clinical Immunology Laboratory). We defined the ANA-
positive cutoff as a serum dilution titer of ≥1:40. We considered
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individuals autoantibody-positive if they tested positive either for
ANAs, anti-dsDNA, or ENAs. Assays passed NHS quality control
using blinded splits (κ = 1.0 for positive versus negative results).
Statistical analysis. Biomarker concentrations (BLyS,
SCF, IP-
10, IL-
10, and IFNα) were natural log-
transformed to
improve normality. We used chi-
square, independent t-test,
or analysis of variance tests to compare covariate distribution
across levels of smoking. We used separate multivariate regression models to assess relationships of smoking with each biomarker. We first assessed the independent variable smoking
status as current/recent, former, or never smoked. Since results
for former and never smoked were similar, following previous work
and to improve power we combined former and never to create
a dichotomous variable, current/recent smoking versus former/
never smoking. We also examined pack-years of smoking. We
determined linearity of pack-years–biomarker associations using
restricted cubic splines and found no evidence to support a
nonlinear relationship.
We fit general linear regression models for BLyS and SCF.
We fit tobit regression models (SAS PROC QLIM) for IP-10, IL-
10, and IFNα because a sizeable percentage of samples were
below the assays’ limit of detection (n = 165, 14%; n = 846,
72%; and n = 754, 64%, respectively). We tested 2 models for
each exposure–outcome combination. Model 1 adjusted for age,
Black race, US census tract–based median household income,
and cohort (NHS and NHSII). Model 2 additionally adjusted for
BMI, menopause/hormone status, and glucocorticoids, oral contraceptives, and alcohol use. In additional sensitivity analyses, we
reran all models replacing our primary smoking variables with a
4-category smoking variable (current, recent [quit within 4 years],
past, and never smokers) and with a binary (ever/never smoked)
variable. Because cytokine/chemokine concentrations were log-
transformed, to increase interpretability of the regression coefficients, we exponentiated the coefficients to obtain differences
in the ratio of the expected geometric means of the biomarkers,
expressed as the percentage difference in the geometric means.
To distinguish the effect of pack-years from that of smoking status, we examined the effect of pack-years on biomarkers
among former smokers. We also ran models including the interaction of autoantibody status (positive or negative) with current/
recent smoking; and the interaction of CTD or CTD symptoms at
the time of the blood draw with current/recent smoking.

RESULTS
Age-adjusted characteristics of the 1,177 women included in
this cross-sectional analysis at the time of blood draw are shown
in Table 1. In all, 176 women (15%) were current/recent smokers, and 52% reported never smoking at the time of blood draw.
BMI and oral contraceptive use did not vary substantially across
smoking categories. Current/recent smokers were less likely to be
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Table 1. Age-standardized participant characteristics, at blood draw, by smoking status in the NHS/
NHSII study sample*
Current/recent smoker†
No
(n = 1,001)

Yes
(n = 176)

56.0 ± 10.3
11.0 (5.0–21.0)
0.0 (0–4.6)
60,528 ± 23,529
26.7 ± 6.1

56.8 ± 8.6
29.0 (17.0–41.0)
2.2 (0.7–7.5)
59,088 ± 22,961
25.9 ± 5.3

629 (63)
372 (37)

128 (70)
48 (30)

79 (8)
322 (32)
231 (23)
103 (10)
266 (27)
669 (67)

9 (5)
81 (46)
32 (18)
19 (12)
35 (19)
121 (69)

305 (29)
293 (30)
99 (10)
304 (31)
38 (4)
1,041.1 (846.8–1,243.6)
1,039.9 (890.6–1,233.5)
1.6 (0.7–2.8)
58.1 (39.6–92.2)
13.9 (2.9–82.8)
223 (22.4)
56 (5.6)

34 (24)
62 (32)
18 (11)
62 (33.0)
14 (7)
1,165.9 (942.5–1,438.7)
1,049.2 (887.4–1,202.6)
1.6 (0.7–3.1)
60.9 (34.4–96.6)
3.9 (0.8–12.6)
42 (24.3)
13 (7.0)

Characteristic
Age at blood draw, mean ± SD years‡
Smokers, median (IQR) pack years
Alcohol, median (IQR) grams/day
Median tract income, mean ± SD $
BMI, mean ± SD kg/m2
Race§
Non-Black
Black
Census region of residence¶
New England
Mid-Atlantic
Midwest
South
West
Ever oral contraceptive use
Menopause/hormone use§
Premenopause
Postmenopause/never
Postmenopause/past
Postmenopause/current
Steroid use at blood draw§
BLyS, median (IQR) pg/ml
SCF, median (IQR) pg/ml
IFNα, median (IQR) pg/ml#
IP-10, median (IQR) pg/ml#
IL-10, median (IQR) pg/ml#
ANA ≥1:40
ENA**

* Values are the number (%) unless indicated otherwise. A total of 52% of the sample never smoked,
33% smoked in the past, 5% were recent smokers, and 10% were current smokers. ANA = antinuclear
antibodies; BLyS = B lymphocyte stimulator; BMI = body mass index; ENA = extractable nuclear
antigen; IFNα = interferon-α; IL-10 = interleukin-10; IP-10 = interferon-γ–inducible 10-kd protein; IQR =
interquartile range; NHS/NHSII = Nurses’ Health Study 1988–1990 (NHS) and NHSII (1996–1999); SCF =
stem cell factor.
† Defined as current smoker or quit within last 4 years.
‡ Not age adjusted.
§ P < 0.05.
¶ P < 0.01 by t-tests (continuous variables) or chi-square tests (categorical variables).
# Percent below limit of detection: 62.3% (IFNα), 13.8% (IP-10), 71.9% (IL-10).
** Anti–double-stranded DNA, anti-Smith, anti-Ro, anti-La, anti-RNP.

premenopausal, drank more alcohol, lived in neighborhoods with
a lower mean household income, and were more likely to report
using oral glucocorticoids at the time of blood draw. A slightly
higher percentage of current/recent than past/never smokers
were positive for ANAs (24.3% versus 22.4%) and other SLE-
autoantibodies (7.0% versus 5.6%), but these differences were
not statistically significant.
In models adjusted for a minimal set of likely confounders,
current/recent smokers had levels of BLyS 8.7% higher (P < 0.01)
and of IL-10 46% lower (P < 0.01) than past/never smokers, while
levels of BLyS were 1.4% higher (P = 0.04) and IL-10 levels were
17% lower (P < 0.001) for each 10 pack-years of smoking. Additionally adjusting for BMI, glucocorticoid use, oral contraceptives
use, menopause hormone status, and alcohol intake did not substantially change the results (Table 2) (see Supplementary Table 1,

available on the Arthritis Care & Research website at http://onlin
elibrary.wiley.com/doi/10.1002/acr.24370/abstract, for estimates
and P values for all covariates in the fully adjusted models). Associations of IP-
10 and SCF with smoking were not statistically
significant.
We next examined whether levels of biomarkers differed
according to women’s autoantibody status (Table 3). Associations
between smoking and higher BLyS levels were evident mainly
among ANA-positive women, either according to smoking status
(24% higher for current/recent compared to past/never smokers;
P < 0.0001, P < 0.01 for interaction), or as pack-years (5% higher
per 10 pack-years of smoking; P < 0.01, P = 0.02 for interaction).
In analyses restricted to former/never smokers only, however,
BLyS was not associated with pack-years (β = 0.00, SE = 0.01,
P = 0.85). For IL-
10, an inverse association of current/recent
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Table 2. Geometric mean ratios (GMRs) and percent difference (%Diff) in cytokine/chemokine concentrations per 10 pack-years
of smoking and for current/recent versus past/never smokers, among sample of women in the NHS/NHSII cohorts (n = 1,177)*
Model 1
Biomarker
Per 10 pack-years
BLyS†
IL-10‡
IP-10‡
SCF†
Current or recent smokers vs. past or
never smokers
BLyS†
IL-10‡
IP-10‡
SCF†

Model 2

GMR

SE

%Diff

P

GMR

SE

%Diff

P

1.01
0.83
0.98
0.99

1.01
1.06
1.03
1.01

1.4
–16.6
–2.2
–0.9

0.04
<0.001
0.52
0.14

1.02
0.83
0.97
0.99

1.01
1.06
1.03
1.01

1.7
–16.6
–3.4
–0.6

0.02
0.001
0.30
0.33

1.09
0.54
1.07
0.97

1.03
1.24
1.14
1.02

8.7
–46.2
7.0
–3.3

<0.01
<0.01
0.60
0.15

1.10
0.55
1.04
0.98

1.03
1.24
1.14
1.02

9.5
–4 4.9
4.1
–2.0

<0.001
<0.01
0.76
0.38

* Current/recent smoker: current or in past 4 years, versus quit >4 years ago or never smoked. Separate models were run for
each biomarker outcome. Model 1 was adjusted for age/5 years (continuous), Black race (White, other is reference), census
tract–based household income (continuous), and cohort (Nurses’ Health Study 1988–1990 [NHS] and 1996–1999 [NHSII]). Model
2 was additionally adjusted for steroid use at the time of blood draw, ever use of oral contraceptives, menopause hormone
status (premenopause [reference], postmenopause never, postmenopause past use, postmenopause current), body mass index
(continuous), and alcohol use (never [reference], >0 to <5 grams/day, ≥5 grams/day). BLyS = B lymphocyte stimulator; IL-10 =
interleukin-10; IP-10 = interferon-γ–inducible 10-kd protein; SCF = stem cell factor.
† Models run using linear regression.
‡ Models run using tobit regression to account for proportion of data below the limit of detection of the assay.

smoking status and pack-years was evident in both ANA-positive
and ANA-negative groups, with no evidence of effect modification
by autoantibody status (P for interaction nonsignificant).
When we tested for effect modification by reported CTD at
the time of the blood draw, we found that associations of smoking and BLyS, IL-10, IP-10, and SCF did not differ by CTD status. However, the association of smoking and IFNα differed in
the group of women who reported CTD before blood draw (see
Supplementary Table 2, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24370/
abstract). The association was null among those who had never
reported a CTD (n = 976), while for those who had reported a
CTD (n = 201), current/recent smokers had IFNα levels 1,204%
higher than former/never smokers (fully adjusted model, P = 0.01,
P = 0.05 for interaction). Additionally, results did not differ when
we excluded the 44 women who later developed SLE. When we
included smoking as ever/never, or as current/recent/past/never,
results were similar to our main models (see Supplementary
Tables 3 and 4, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24370/abstract).

DISCUSSION
In a cross-sectional study of 1,177 female nurses from a
large prospective cohort, women who were current or recent
smokers had higher blood levels of the SLE-related cytokine
BLyS, and this association was even stronger in women who
were SLE-autoantibody positive. Women who smoked also had
greatly reduced levels of IL-10, and among those who had self-
reported a CTD prior to the blood draw, those who were current
or recent smokers had >1,000% higher plasma concentrations

of IFNα than the never/past smokers. This effect was not
accounted for by the small number of women who went on to
develop SLE.
Our findings of the association of current smoking with elevated BLyS and decreased IL-10 parallel accumulating evidence
that current or recent smoking, rather than prior smoking, is a
specific risk factor for SLE (13). In a mouse model, within days of
exposure, whole-body contact with cigarette smoke resulted in
increased BLyS expression in the lung, followed over weeks by
elevated ANA levels, and treatment with BLyS blockade prevented
local production of auto-antibodies in the lung (14). Interestingly, a
cross-sectional study of 1,242 patients with SLE, 981 first-degree
relatives, and 946 controls found no association between current
smoking and serum ANA production in subjects with SLE or in
healthy controls (15), and in the current study we similarly saw
no significant associations between smoking and ANAs or other
SLE-associated autoantibodies.
Although most patients with SLE are ANA positive,
the majority of ANA-positive individuals do not develop SLE
(6). Recent studies implicate elevated levels of SLE-
related
cytokines and chemokines and decreased levels of IL-10 in the
progression from benign ANA positivity to SLE. A prospective
study of 409 relatives of SLE patients (7) found that relatives
who developed SLE displayed more SLE-associated autoantibody specificities at baseline than relatives who did not develop
SLE. Relatives who developed SLE also had elevated baseline
plasma levels of BLyS, SCF, and IP-10 (P ≤ 0.02), with concurrent decreases in transforming growth factor β and IL-10
(P ≤ 0.03). A study of SLE patients and 790 healthy age-, sex-,
and BMI-matched controls (6) found that ANA-positive healthy
individuals exhibited dysregulation in multiple immune pathways
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Table 3. Geometric mean ratios (GMRs) and percent difference (%Diff) in cytokine/
chemokine concentration per 10 pack-years of smoking and for current/recent versus past/
never smokers, stratified by ANA/ENA status at blood draw, among sample of women in
the NHS/NHSII cohort (n = 1,177)*
Biomarker and ANA/ENA
level
Per 10 pack-years
BLyS‡
ANA/ENA–
ANA/ENA+
IL-10§
ANA/ENA–
ANA/ENA+
IP-10§
ANA/ENA–
ANA/ENA+
SCF‡
ANA/ENA–
ANA/ENA+
Current or recent smokers
vs. past or never
smokers¶
BLyS‡
ANA/ENA–
ANA/ENA+
IL-10§
ANA/ENA–
ANA/ENA+
IP-10§
ANA/ENA–
ANA/ENA+
SCF‡
ANA/ENA–
ANA/ENA+

Fully adjusted model
%Diff

P

P (int)†

GMR

SE

1.01
1.05

1.01
1.02

1.0
5.2

0.21
<0.01

0.02
–

0.84
0.79

1.06
1.15

–15.6
–20.7

<0.01
0.09

0.98
–

0.97
0.95

1.04
1.07

–3.1
–4.9

0.43
0.49

0.95
–

0.99
1.00

1.01
1.01

–0.6
–1.0

0.36
0.86

0.80
–

1.05
1.24

1.03
1.06

4.7
24.2

0.13
<0.0001

0.60
0.39

1.27
1.58

–40.0
–60.5

0.03
0.04

0.68
–

1.12
0.86

1.17
1.27

11.5
14.2

0.48
0.52

0.49
–

0.97
1.01

1.03
1.04

–2.9
0.8

0.28
0.85

0.59
–

<0.01
–

* Antinuclear antibodies/extractable nuclear antigen antibodies negative (ANA/ENA–): n
= 882; ANA/ENA positive: n = 295. The fully adjusted model was adjusted for age/5 years
(continuous), Black race (White, other is reference), census tract–based household income
(continuous), and cohort (Nurses’ Health Study 1988–1990 [NHS] and 1996–1999 [NHSII]),
steroid use at the time of blood draw, ever use of oral contraceptives, menopause hormone
status (premenopause [reference], postmenopause never, postmenopause past use,
postmenopause current), body mass index (continuous), and alcohol use (never [reference],
>0 to <5 grams/day, ≥5 grams/day). BLyS = B lymphocyte stimulator; IL-10 = interleukin-10;
IP-10 = interferon-γ–inducible 10-kd protein; SCF = stem cell factor.
† P for interaction of smoking and ANA/ENA status.
‡ Model run using linear regression.
§ Model run using tobit regression.
¶ Current/recent smoker: current smoker or quit in past 4 years versus quit >4 years ago or
never smoked.

but differed from SLE patients by the absence of elevated
type-1 IFNs, BLyS, and SCF. This finding led the investigators
to suggest that, if BLyS and/or IFN levels become elevated
in ANA-positive individuals, more autoreactive B cells survive
and proceed to produce higher levels of autoantibodies, which
further increase proinflammatory cytokine concentrations and
ultimately cause clinical symptoms. In this model, production of type I IFNs and BLyS represent a decisive step toward
the transition from benign autoimmunity to SLE classification.
Increased levels of BLyS and/or IFNα and decreased levels of
IL-10 caused by smoking, particularly in ANA-positive individuals, might represent one pathway whereby smoking increases
the risk of progressing to clinical SLE.

Our findings might suggest that treating ANA-positive healthy
smokers with BLyS-specific inhibitors could reduce their elevated risk
of progressing to SLE. However, in individuals with existing clinical
disease, the therapeutic efficacy of the BLyS-specific inhibitor belimumab was lower in current smokers compared to former and never
smokers (16). Whether this lowering was due to smoking’s effects
on BLyS or to some other mechanism, and whether the same effect
would be seen in healthy ANA-positive individuals, is not known.
Our study has limitations. For IFNα in particular, we were
unable to assess whether ANA/ENA status modified the effect
of smoking because of strong effect modification by other prevalent CTDs in the sample. Assessing associations of smoking with biomarkers in women who went on to develop SLE

SMOKING AND SLE AMONG US FEMALE NURSES

would have been interesting, compared to those who did not,
but our sample size (n = 44, with 8 current/recent smokers)
was too small. This study is cross-sectional, so we cannot be
certain of the timing of changes in cytokines/chemokines, ANA
production, and smoking within individuals in our study. The
study used a convenience sample, but we conducted sensitivity analyses to account for differences between those who
were and were not included in the sample. A large proportion
of women in this cohort were postmenopausal at the time biomarkers were measured; these results may not be generalizable
to younger women.
Our findings that current/recent smoking was associated
with higher BLyS concentrations, particularly in ANA-positive
women, that IL-10 was decreased in current/recent smokers,
and that IFNα is dramatically elevated among current smokers
who had self-reported a CTD (the majority of whom were confirmed to have CTDs or CTD symptoms), suggests that current
or recent smoking may increase the risk of SLE through its
effects on these SLE-related cytokines. The next step is to
verify that the observed effect of smoking on SLE is mediated by these biomarkers. For now, these results reinforce
the importance of counseling women at risk of CTD to avoid
smoking.
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Objective. Cholesterol efflux capacity (CEC) is the ability of high-
density lipoprotein (HDL) cholesterol to
accept cholesterol from macrophages. Lipid profiles and CEC appear to be altered in patients with systemic lupus
erythematosus (SLE) and rheumatoid arthritis (RA) due to disease activity and inflammation. CEC has been linked to
cardiovascular events in the general population and to subclinical atherosclerosis in SLE and RA patients. The aim of
this study was to establish whether CEC varies between patients with SLE and those with RA.
Methods. The study encompassed 460 individuals (195 SLE patients and 265 patients with RA). CEC (using an in
vitro assay) and concentrations of lipoprotein serum were assessed in both populations. A multivariable regression
analysis was performed to study whether CEC differs between SLE patients and RA patients.
Results. Comparison of lipid patterns revealed that patients with RA have lower HDL cholesterol and higher
apolipoprotein B serum levels than SLE patients. CEC was downregulated in SLE patients compared to patients with
RA (β –12 [95% confidence interval –13, –10], P < 0.001). It occurred independently of traditional cardiovascular risk
factors, statin use, disease-related data, and other variations in the lipid profile related to the diseases.
Conclusion. Patients with RA have a more proatherogenic lipid pattern compared to those with SLE. However,
CEC seems to be more damaged in SLE patients than in RA patients.
INTRODUCTION
The high-density lipoprotein (HDL) particle has multiple potentially antiatherogenic properties. Much of its antiatherogenic effect
is thought to be mediated by its participation in the removal of
cholesterol from macrophages in atherosclerotic plaques during
a process termed “cholesterol efflux capacity” (CEC). This is the
first step in the process of reverse cholesterol transport in which
excess cholesterol is removed from the body, a process with
well-known antiatherogenic properties. CEC has a strong inverse

association with both carotid intima-media thickness and the likelihood of angiographic coronary artery disease independently of
HDL cholesterol levels, and it has been inversely associated with
the incidence of cardiovascular (CV) events in a population-based
cohort (1).
Both systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA) are diseases with a recognized inflammatory dyslipidemia and a disrupted lipid pattern compared to controls (2,3).
Additionally, impaired CEC has been described in patients having
either disease (4,5). This damaged CEC has been shown to be
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CHOLESTEROL EFFLUX CAPABILITY IN SLE AND RA

SIGNIFICANCE & INNOVATIONS
• Patients with rheumatoid arthritis (RA) have a more
atherogenic lipid pattern compared to those with
systemic lupus erythematosus (SLE).
• The more highly atherogenic profile of RA patients
compared to that of patients with SLE consists in
lower levels of high-density lipoprotein cholesterol
and higher levels of apolipoprotein B.
• Cholesterol efflux capacity is more damaged in SLE
compared to RA.
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Hg, respectively. An atherogenic index was calculated using the
total cholesterol/HDL cholesterol ratio. SLE disease activity and
damage were assessed using the Systemic Lupus Erythematosus
Disease Activity Index 2000 and the Systemic Lupus International
Collaborating Clinics/ACR Damage Index, respectively. Disease
severity was measured as well using the Katz Index. In patients
with RA, disease activity was measured using the Disease Activity
Score in 28 joints, while disease disability was determined using
the Health Assessment Questionnaire. Clinical Disease Activity
Index and Simplified Disease Activity Index scores for RA disease
activity were additionally calculated.

Study participants. This was a cross-sectional study that
included 460 individuals (195 patients with SLE and 265 with RA).
All were ≥18 years of age and were included in the study if they
fulfilled ≥4 American College of Rheumatology (ACR) 1997 classification criteria for SLE (6) and the ACR/European Alliance of
Associations for Rheumatology 2010 diagnostic criteria for RA (7).
For the purpose of inclusion in the current study, SLE and RA
disease duration needed to be ≥1 year. Patients included in the
current study were subjects without any known condition or drug
treatment history that might influence lipids and who were not
taking any lipid-lowering medications other than statins. Likewise,
since glucocorticoids can be used in the management of both
SLE and RA, patients taking prednisone or an equivalent dose
≤10 mg/day were not excluded. However, patients were excluded
if they had a history of cancer or any other chronic disease, evidence of active infection, or a glomerular filtration rate <60 ml/minute/1.73 m2. The study protocol was approved by the Institutional
Review Committees at Hospital Universitario de Canarias and
Hospital Doctor Negrín, both in Spain, and all subjects provided
informed written consent (approval number 2015/84).

Lipids and cholesterol efflux assessments. Fasting
serum samples were collected and frozen at –80°C until analysis
of circulating lipids. Cholesterol, triglycerides, and HDL cholesterol
were measured using the enzymatic colorimetric assay (Roche).
Cholesterol ranged from 0.08 to 20.7 mmoles/liter (intraassay
coefficient of variation 0.3%); triglycerides ranged from 4 to
1.000 mg/dl (intraassay coefficient of variation 1.8%); and HDL
cholesterol ranged from 3 to 120 mg/dl (intraassay variation coefficient 0.9%). Low-density lipoprotein (LDL) cholesterol was calculated using the Friedewald formula. A standard technique was
used to measure high-sensitivity C-reactive protein level.
Macrophage-
specific CEC was measured using BODIPY
cholesterol as previously described (1). Briefly, J774 macrophages
were seeded into a 96-well plate at 7 × 104 cells per well. The
following day, the cells were incubated for 1 hour with BODIPY-
tagged cholesterol (25 µM; Avanti Polar Lipids), 0.2% bovine
serum albumin (BSA), and 2 μg/ml acetyl-coenzyme A acetyltransferase (ACAT) inhibitor (Sandoz, Sigma-
Aldrich) in RPMI
plus 1% fetal bovine serum. Following washing with minimum
essential medium (MEM)–HEPES, cells were incubated overnight
in serum-free RPMI containing 0.3 µM cAMP, 0.2% BSA, and 2
μg/ml ACAT inhibitor. Apolipoprotein B–depleted study subject
plasma was prepared using polyethylene glycol precipitation. After
washing with MEM–HEPES, the BODIPY cholesterol–labeled cells
were incubated with 2.8% apolipoprotein B–depleted plasma in
MEM–HEPES buffer, 0.15 µM cAMP, and 2 μg/ml ACAT inhibitor
for 4 hours at 37ºC. The resulting quantity of BODIPY cholesterol
in the media was measured directly using a spectrofluorometer
plate reader (Tecan Trading) with an excitation wavelength of 485
nm and emission detection at 530 nm. The CEC was calculated as
the amount of effluxed BODIPY cholesterol expressed as a fraction of the initial cell content of BODIPY cholesterol. Each assay
was performed in triplicate, and when the percentage of variation
of any sample was higher than 7%, the sample was reassessed.

Data collection. Patients were assessed for CV risk factors
and medication. They completed a questionnaire and underwent
a physical examination to determine anthropometric measurements and blood pressure. Hypertension was defined as a systolic or a diastolic blood pressure higher than 140 and 90 mm

Statistical analysis. Demographic and clinical characteristics in patients with SLE and RA are described as mean ± SD
or percentages for categorical variables. For nonnormally distributed continuous variables, data are expressed as a median
and interquartile range (IQR). Univariable differences between

independently associated with subclinical carotid atherosclerosis
in both conditions (4,5).
Research on CEC in SLE and RA has been mainly done by
independently comparing CEC for each disease with controls.
However, differences in CEC between SLE and RA have not previously been explored in a large series of patients. In the current
study, we aimed to study whether CEC varies between patients
with SLE and RA and if these differences are related to the inflammatory dyslipidemia that these patients exhibit. We also sought to
establish whether the pattern of inflammatory dyslipidemia differs
between the 2 diseases.

PATIENTS AND METHODS
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Table 1. Characteristics of systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA) patients*
Characteristic
Age, mean ± SD years
Female sex
BMI, mean ± SD kg/m2
Abdominal circumference, mean ± SD cm
Cardiovascular comorbidity
Smoking
Diabetes mellitus
Hypertension
Obesity
Statins
Disease-related data
CRP, median (IQR) mg/liter
Disease duration, median (IQR) years
Rheumatoid factor
ACPA
Current prednisone
Prednisone, mean ± SD mg/day
DMARDs
Hydroxychloroquine
Methotrexate
Leflunomide
Sulfasalazine
Tofacitinib
Baricitinib
Mycophenolate mofetil
Azathioprine
Anti-TNF therapy
Rituximab
Belimumab
Cyclophosphamide
SDI score, median (IQR)
SDI score ≥1
Katz Index, median (IQR)
Katz Index ≥3
SLEDAI score, median (IQR)
SLEDAI activity categories
0 (no activity)
1–5 (mild)
6–10 (moderate)
>10 (high or very high)
ANA profile
Anti-DNA positive
ENA positive
Antiphospholipid autoantibodies
C3, mean ± SD mg/dl
C4, mean ± SD mg/dl
DAS28 score, mean ± SD
DAS28-CRP score, mean ± SD
CDAI score, median (IQR)
SDAI score, median (IQR)
HAQ score, median (IQR)

SLE patients
(n = 195)

RA patients
(n = 265)

P

51 ± 11
185 (95)
27 ± 6
92 ± 13

54 ± 10
212 (80)
28 ± 5
97 ± 13

0.004†
<0.001†
0.065
<0.001†

46 (24)
9 (5)
77 (39)
52
52 (27)

49 (18)
38 (14)
79 (30)
86 (32)
89 (34)

0.18
0.001†
0.027†
0.18
0.11

1.9 (0.9–4.9)
16 (10–24)
20 (10)
–
99 (51)
6±4
152 (78)
132 (68)
23 (12)
3 (2)
–
–
–
15 (8)
27 (14)
–
6 (3)
3 (2)
1 (1)
1 (1–3)
145 (74)
2 (1–3)
75 (38)
2 (0–5)

2.9 (1.37–6.15)
7 (4–14)
175 (66)
157 (59)
93 (35)
5±3
219 (83)
4 (2)
180 (68)
41 (15)
1 (0)
3 (1)
3 (1)
–
–
40 (15)
–
–
–
–
–
–
–
–

0.57
<0.001†
<0.001†
0.001†
<0.001†
0.16
<0.001†
<0.001†
<0.001†
–
–
–
–
–
–
–
–
–
–
–
–
–
–

78 (40)
63 (32)
31 (16)
13 (7)

–
–
–
–

–
–
–
–

98 (50)
66 (34)
71 (36)
96 ± 27
17 ± 7
–
–
–
–
–

–
–
–
–
–
2.25 ± 1.12
2.53 ± 1.02
14 (7–21)
9 (4–15)
0.625 (0.250–1.125)

–
–
–
–
–
–
–
–
–
–

* Values are the number (%) unless indicated otherwise. ACPA = anti–citrullinated protein antibody; ANA =
antinuclear antibody; anti-TNF = anti–tumor necrosis factor; BMI = body mass index; CDAI = Clinical
Disease Activity Index; CRP = C-reactive protein; DAS28 = Disease Activity Score in 28 joints; DAS28-CRP =
DAS28 using the CRP; DMARD = disease-modifying antirheumatic drug; ENA = extractable nuclear
antigen; HAQ = Health Assessment Questionnaire; IQR = interquartile range; SDAI = Simplified
Disease Activity Index; SDI = Systemic Lupus International Collaborating Clinics/American College of
Rheumatology Damage Index; SLEDAI = Systemic Lupus Erythematosus Disease Activity Index; TNF =
tumor necrosis factor.
† Significant.
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patients were assessed through Student’s t-test, Mann-Whitney
U test, chi-square test, or Fisher’s exact test according to normal distribution or number of subjects. To investigate the differences in CEC between SLE and RA patients, we constructed
3 models: an unadjusted model for the univariable differences; an
adjusted model (model 1) using those variables with a P value of
<0.20, previously identified through the differences between SLE
and RA (sex, age, body mass index [BMI], hypertension, smoking,
diabetes mellitus, and statins); and a model 2, adjusted for the
same variables of model 1 plus variables related to the disease
(disease duration and the use of prednisone, methotrexate, and
hydroxychloroquine). In this analysis, confounding factors were
selected if they were related both to the independent variable
and the CEC with a P value of <0.20. Bar graphs are presented
for the main differences in lipid profile between both populations
using an interactive dot plot tool (8). With 460 subjects included in
the study, a power of 99% can be achieved to detect differences
in the contrast of the null hypothesis using an analysis of variance
test in the context of the multiple linear regression model (taking
into account that the significance level is 5%, and assuming that
the 2 variables initially considered in the model provide a determination coefficient of 60% and that the coefficient final determination was 90%). All the analyses used a 5% 2-sided significance
level and were performed using SPSS software, version 21, and
Stata software, version 15/SE. P values less than 0.05 were considered significant.

RESULTS
Demographic, analytical, and disease-related data.
A total of 195 SLE patients with a mean ± SD age of 51 ± 10
years, and 265 RA patients with a mean 54 ± 10 years were
included in the current study. Demographic and disease-related
characteristics of the participants are shown in Table 1. Neither
BMI nor obesity were different between SLE and RA patients;
however, mean ± SD waist circumference (92 ± 13 versus
97 ± 13 cm, P < 0.001) was higher in RA patients. Traditional
CV risk factors were common in both diseases. Nevertheless,
only hypertension and diabetes mellitus were found to be significantly different between groups, with the presence of hypertension being more common in patients with SLE (39% versus 30%,
P = 0.027) and diabetes mellitus in RA patients (14% versus 5%,
P = 0.001).
Regarding disease-related data, disease duration was found
to be longer in SLE patients (16 [IQR 10–24] versus 7 [IQR 4–14]
years, P < 0.001), with dose and current use of prednisone also
proving higher in SLE patients. As expected, while the use of
hydroxychloroquine was significantly higher in SLE patients, current use of methotrexate or leflunomide was more common in
patients with RA. Further data, including disease-related scores,
laboratory-specific features of each disease, and the use of biologic therapies, are shown in Table 1.
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Multivariable analysis of the differences in CEC
between SLE and RA patients. Supplementary Table 1, avail
able on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24407/
abstract, shows the association of demographics, CV risk factors, and disease-related data
with CEC. This has been published previously (4,5). In summary,
demographics and lipid profile were, in general, not associated
with CEC in patients with either SLE or RA. In this sense, only
female sex showed a negative association with CEC in RA patients
(β –6 [95% confidence interval (95% CI) –9, –3], P < 0.001) but not
in those with SLE. Similarly, traditional CV risk factors were unrelated to CEC in both populations. Regarding lipid profile, apart
from apolipoprotein B in patients with SLE, no correlations were
identified between the standard lipid profile molecules and CEC in
either population. Last, concerning disease-related data for both
SLE and RA, no associations were identified with any features in
either disease. Only SLE patients receiving methotrexate and RA
patients receiving sulfasalazine showed, respectively, higher and
lower statistically significant CEC.
Table 2 shows the differences in lipid-
related molecules
between patients with SLE and RA. After adjusting for age,
sex, BMI, smoking, diabetes mellitus, hypertension, and statins
(Table 2, model 1), most of these molecules showed differences
between the 2 populations. In this sense, triglycerides, HDL and
LDL cholesterol, LDL:HDL ratio, non-HDL cholesterol, apolipoprotein A1 and B, atherogenic index, and CEC were different to
a statistically significant degree between patients with SLE and
RA. Except for HDL cholesterol and apolipoprotein A1, which
were lower, the rest of the molecules showed higher values in RA
patients. When the same analysis was performed adjusting for
the differences between disease-related data (disease duration,
prednisone intake, and the use of methotrexate and hydroxychloroquine), we obtained similar results (Table 2, model 2).
Since lipid-related molecules are interrelated (they share metabolic pathways, and it is not easy to separate the effect of one
from another), we performed a multivariable analysis adjusting
for models 1 and 2 plus all the lipid-related molecules that were
found to be different between the 2 populations with a P value of
<0.20 (Table 2, model 3). Because of collinearity, those lipid molecules derived from a formula were excluded from the regression model (LDL cholesterol, LDL:HDL ratio, non-HDL cholesterol,
Apo B:Apo A, and atherogenic index). In this sense, only HDL
cholesterol and apolipoprotein B were the molecules with significant differences, being lower and higher in RA patients, respectively. Remarkably, CEC conserved its downregulation in SLE
patients compared to those with RA after fully adjusting model
3, which included variations in lipid-related molecules between
the 2 diseases (β –12 [95% CI –14, –9], P < 0.001). Multivariable
analysis of the differences between SLE and RA patients in main
lipid profile-related molecules (total cholesterol, triglycerides, HDL
cholesterol, apolipoprotein B, and CEC) is additionally shown in
Figure 1.
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Table 2. Multivariable analysis of the differences in cholesterol efflux capacity between systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA) patients*

Lipid profile
Cholesterol, mg/dl
Triglycerides, mg/dl
HDL cholesterol, mg/dl
LDL cholesterol, mg/dl
LDL:HDL cholesterol ratio
Non-HDL cholesterol,
mg/dl
Lp(a), median (IQR) mg/dl
Apo A1, mg/dl
Apo B, mg/dl
Apo B:Apo A ratio
Atherogenic index
Cholesterol efflux
capacity, %

SLE patients RA patients
(n = 195)
(n = 265)

β (95% CI), P
P

Model 1†

Model 2‡

Model 3§

200 ± 38
127 ± 80
63 ± 21
111 ± 29
1.91 ± 0.75
136 ± 33

206 ± 37
155 ± 92
56 ± 15
119 ± 34
2.30 ± 0.98
150 ± 39

0.074
0.001¶
<0.001¶
0.005¶
<0.001¶
<0.001¶

6 (–1, 13), 0.094
26 (9, 41), 0.002¶
–6 (–10, –3), <0.001¶
9 (3, 15), 0.002¶
0.37 (0.20, 0.54), <0.001¶
14 (7, 20), <0.001¶

6 (–1, 13), 0.087
21 (5, 38), 0.010¶
–5 (–9, –2), 0.003¶
9 (3, 15), 0.002¶
0.34 (0.16, 0.51), <0.001¶
12 (5, 19), 000¶

5 (–5, 15), 0.36
–10 (–31, 11), 0.34
–4 (–6, –2), <0.001¶
–
–
–

38 (12–116)
180 ± 37
95 ± 24
0.55 ± 17
3.39 ± 1.08
8±4

34 (11–118)
172 ± 29
107 ± 51
0.64 ± 0.26
3.96 ± 1.40
19 ± 9

0.25
0.025¶
0.002¶
<0.001¶
<0.001¶
<0.001¶

–
–
–7 (–13, 0), 0.036¶
–1 (–11, 9), 0.85
13 (5, 20), 0.001¶
13 (5, 20), 0.001¶
0.08 (0.04, 0.12), <0.001¶ 0.08 (0.03, 0.12), <0.001¶
0.49 (0.25, 0.73), <0.001¶ 0.45 (0.21, 0.69), <0.001¶
12 (10, 13), <0.001¶
12 (10, 13), <0.001¶

–
10 (1, 20), 0.036¶
–
–
12 (10, 13), <0.001¶

* Values are the mean ± SD unless indicated otherwise. 95% CI = 95% confidence interval; Apo = apolipoprotein; HDL = high-density lipoprotein;
IQR = interquartile range; LDL = low-density lipoprotein.
† Model 1 is adjusted for age, sex, body mass index, smoking, diabetes mellitus, hypertension, and statins.
‡ Model 2 is adjusted for the same variables in model 1 plus disease duration, prednisone use, methotrexate, and hydroxychloroquine.
§ Model 3 is adjusted for model 1 plus model 2 plus the rest of lipid-related molecules with a P value of <20 in model 2 excluding the one that is
analyzed. Because of collinearity, LDL cholesterol, LDL:HDL ratio, non-HDL cholesterol, Apo B:Apo A, and atherogenic index were excluded from
the multivariable analyses in model 3.
¶ Significant (SLE is the reference category).

DISCUSSION
The current study is a subanalysis of 2 previous works by
our group (4,5). In the present report, we compared lipid profiles
and CEC between SLE and RA through fully multivariable analy
sis. According to our results, CEC is more commonly impaired
in patients with SLE compared to those with RA. Additionally,
although SLE and RA seem to share features of inflammatory
dyslipidemia, RA patients had lower HDL cholesterol and higher
apolipoprotein B serum levels than patients with SLE.
As mentioned above, we have previously described how
CEC is downregulated in SLE (4) patients compared to controls,
although this does not differ between RA and healthy populations
(4). Although our findings have been supported by others (9,10),
the degree of CEC impairment and its relation to disease characteristics, activity, and/or damage varies depending on the population evaluated and/or the CEC assay method utilized. Regarding

RA, a slight, nonsignificant decrease in CEC has generally been
observed among RA patients compared to healthy individuals,
which can be improved substantially following antirheumatic treatment (11–13). In SLE, CEC has been described as being downregulated and associated with subclinical atherosclerosis (4).
According to our results, after adjusting for classic CV risk
factors and disease-related data, RA patients exhibited worse
lipid patterns than those with SLE. This was represented by higher
levels of LDL and non-HDL cholesterol, triglycerides, and apolipoprotein B, as well as a higher atherogenic index. Correspondingly,
HDL cholesterol was significantly lower in RA patients. Moreover,
when this analysis was performed adjusting at the same time for
differences in lipid molecules between SLE and RA, a more proatherogenic lipid pattern was still observed in RA patients. In this
sense, RA patients had lower HDL cholesterol and higher apolipoprotein B serum levels than patients with SLE. This suggests that
RA patients have worse lipid profiles than SLE patients. However,

Figure 1. Multivariable analysis of the differences between systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA) in main lipid
profile–related molecules (total cholesterol, triglycerides, high-density lipoprotein [HDL] cholesterol, apolipoprotein B [mg/dl], and cholesterol
efflux capacity [CEC] [%]). Horizontal lines indicate the mean.
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using the same statistical analysis, CEC was higher in RA patients,
which would place them in a more beneficial situation. We would
again point out that this was the case independently of traditional
CV risk factors, statin use, disease-related data, and other variations in the lipid profile related to these 2 diseases. These findings
are both paradoxical and intriguing.
There are few studies comparing lipid patterns between
inflammatory diseases. While inflammatory dyslipidemia appears
to be a common manifestation among different inflammatory disorders, it may not constitute a unique entity. The degree of disrupted dyslipidemia can vary between inflammatory diseases.
Indeed, each inflammatory dyslipidemia can present unique
or representative characteristics that are not simply the consequence of inflammation but that are rather effects of pathogenic mechanisms specific to each condition. Additionally, the
absence of association between traditional CV risk factors or lipid
profiles with CEC in patients with either SLE or RA is in keeping
with previous reports that have examined healthy populations. In
this regard, traditional CV risk factors reportedly explain only 3% of
the variance observed in CEC (1). Moreover, it has been previously
described how CEC cannot be explained by HDL cholesterol or
apolipoprotein A1 serum levels alone (14).
There is increasing evidence demonstrating a higher incidence of CV disease in patients with SLE and RA. The relationships
between these rheumatic diseases and dyslipidemia, metabolic
syndrome, or vascular dysfunction are complex, encompassing a
variety of influencing factors including obesity, CV function, metabolic status, and immune system. It is believed that adipokines are
the main potential links between metabolic syndrome, endothelial
dysfunction, the immune system, and arthritis-related diseases
(15,16). For this reason, we consider that both diseases, SLE and
RA, may share a common dysfunctional adipokine environment
related to inflammation; but probably, they still have their own differences related to the specific pathophysiologic mechanisms of
each disease.
We acknowledge certain limitation in our study (e.g., patients
were not age-and sex-matched). Nevertheless, the size effect of
these differences was small (95% versus 81% of female patients
with SLE and with RA, respectively, and the mean age difference
was 2.9 years). Moreover, identical results have been reported
in various epidemiologic studies irrespective of matching or
not matching when multivariable regression analyses were applied
(17). We believe, therefore, that the multivariate analysis carried
out in our study effectively handled confounding analytical situations regarding individuals not matched for age and/or sex. We
additionally contend that our sample size was sufficiently large to
compare these 2 diseases in terms of its capacity for performing
a fully multivariable analysis. For this reason, we believe that our
results can be considered conclusive.
In conclusion, according to our results, although SLE and RA
are diseases with well-recognized disrupted lipid patterns compared to controls, they still exhibit differences in said lipid profiles.
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In general, RA patients were found to have more proatherogenic
lipid patterns compared to those with SLE. However, CEC seems
to be more degraded in SLE than in RA patients, and these disparities cannot be attributed to differences in other lipid-related molecules inherent to these diseases. Our results suggest that SLE
and RA dyslipidemia occurs by different and specific mechanisms
attributable to each disease. Additional studies comparing dyslipidemia among different inflammatory disorders are needed to
better understand the mechanisms by which inflammation modifies lipids.
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Variability in Glucocorticoid Prescribing for Rheumatoid
Arthritis and the Influence of Provider Preference on
Long-Term Use of Glucocorticoids
Michael D. George,1
and Jeffrey R. Curtis4

Joshua F. Baker,2 Beth Wallace,3 Lang Chen,4 Qufei Wu,1 Fenglong Xie,4 Huifeng Yun,4

Objective. Glucocorticoids are recommended for short-term use in rheumatoid arthritis (RA), but many patients
continue receiving long-term therapy. We evaluated the variability in glucocorticoid prescribing across rheumatologists
to inform interventions to limit long-term glucocorticoid use to the lowest dose necessary.
Methods. Two cohorts were created using Medicare data from 2006 to 2015. Using cohort 1 (RA patients receiving
disease-modifying antirheumatic drugs [DMARDs]), we calculated each rheumatologist’s “provider preference” for
glucocorticoids (frequency of use compared to other providers), using the ratio of observed to expected number of
patients receiving glucocorticoids to account for case mix. In cohort 2 (RA patients receiving stable DMARD therapy),
we evaluated whether provider preference for glucocorticoids could independently predict use of ≥5 mg/day of
glucocorticoids 6–9 months after initiation of DMARD therapy.
Results. Using cohort 1 (1,272,644 yearly observations; 385,597 patients), we calculated provider preference
among 6,875 rheumatologists (28,936 yearly observations). Provider preference was highly variable, with physicians
at the lowest and upper quartiles prescribing glucocorticoids 33% less often to 31% more often (25th and 75th
percentiles, respectively) than expected. In cohort 2 (155,539 patients receiving stable DMARD therapy), provider
preference was strongly associated with glucocorticoid use ≥5 mg/day at 6–9 months, with a predicted probability
of use of 22% (95% confidence interval [95% CI] 21.7–22.7) versus 11% (95% CI 10.2–10.9) for a patient seeing a
provider in the highest versus lowest quintile of preference.
Conclusion. Glucocorticoid prescribing for RA varies greatly among rheumatologists, and provider preference
is one of the strongest predictors of a patient’s long-term glucocorticoid use. These findings raise quality of care
concerns and highlight the need for stronger evidence to guide RA treatment.
INTRODUCTION
Glucocorticoids remain a common therapy for the treatment
of patients with rheumatoid arthritis (RA). Several studies have
demonstrated that the addition of low-dose glucocorticoids to
therapy with disease modifying antirheumatic drugs (DMARDs)
can improve patient outcomes (1–
3), but glucocorticoids also
carry risks, including infections, weight gain, diabetes mellitus,

cardiovascular disease, and osteoporosis—especially at higher
doses (4,5).
Although a number of observational studies suggest
greater risk of infection even at glucocorticoid dose of 5 mg
per day (6–11), the role of long-term, low-dose glucocorticoids in the treatment of RA remains controversial. Current
guidelines from the American College of Rheumatology and
the European Alliance of Associations for Rheumatology
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SIGNIFICANCE & INNOVATIONS
• Glucocorticoid prescribing for patients with rheumatoid arthritis varied widely among rheumatologists, even when considering differences in case
mix.
• Patients who were seen by a rheumatologist who
was a high glucocorticoid prescriber were substantially more likely to receive therapy with long-term
glucocorticoids.
• Compared to other patient factors, provider preference for glucocorticoids was one of the strongest
predictors of long-term glucocorticoid use.

recommend short-term use of glucocorticoids, preferably for
<3 months, in patients starting or changing DMARD therapy
(12,13). In contrast, German guidelines recommend starting
glucocorticoid treatment at “low to moderately high” doses
(e.g., 10–20 mg/day) along with methotrexate, tapering to the
lowest possible dose, targeting doses of ≤7.5 mg/day within
3 months (14).
As many as 30–60% of patients with RA continue receiving long-term glucocorticoids (15–18). A number of patient-
specific factors may lead to long-
term glucocorticoid use,
including refractory disease activity, worsening symptoms
with glucocorticoid tapering, or inability or reluctance to take
biologic therapies to control disease. Physician factors, however, may also play a role, and some physicians may be less
aggressive in trying to taper therapy. Given continued controversy in the underlying risks of low-dose glucocorticoids,
physicians may vary in their prescribing patterns and their tolerance of long-term glucocorticoid use in RA.
Given the uncertainty and controversy surrounding the
safety and optimal role for low-dose glucocorticoids in RA,
we hypothesized that there would be substantial variability
in glucocorticoid prescribing patterns between providers.
Identifying areas of high variability in practice highlights the
need for stronger evidence to guide physicians and also
suggests potential targets for quality improvement. Additionally, variability among providers may create a “natural
experiment”—allowing the use of epidemiologic tools such as
instrumental variable analysis to study glucocorticoid safety
(19). In the present study, our goals were as follows: 1) examine variability in glucocorticoid prescribing among rheumatologists by developing a measure of “provider preference” for
glucocorticoids, 2) identify provider factors associated with
higher versus lower provider preference, and 3) test to what
degree our measure of provider preference for use of gluterm
cocorticoids can predict a subsequent patient’s long-
glucocorticoid use, beyond the 3–6 months of glucocorticoid “bridge therapy” commonly used to allow slower acting
DMARDs to exert their full effect.
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PATIENTS AND METHODS
This retrospective cohort study was conducted using Medicare claims data from 2006 to 2015. Medicare is a public health
plan covering more than 90% of adults ages 65 years or older in
the US. Younger individuals with disabilities (e.g., RA) may also
be covered by Medicare (20). We created 2 separate cohorts
of patients. First, we created a large cohort of patients with RA
who were new or prevalent DMARD users (cohort 1) to develop
our measure of provider preference for glucocorticoids based on
how frequently a provider’s patients were treated with glucocorticoids relative to other providers. Then we created a smaller cohort
of patients with RA who had been receiving stable DMARD therapy for ≥9 months (cohort 2) to test to what degree provider preference for glucocorticoids could predict long-term glucocorticoid
use independent of patient factors.
Cohort 1 (all RA cohort) and measuring provider preference for glucocorticoids. We created a measure of provider
preference for glucocorticoids for each rheumatologist in the data
set based on the prevalence of glucocorticoid use for the p
 rovider’s
RA patients in each calendar year. To do this, we identified the
patients with RA seen by the rheumatologist within each calendar
year, measuring preference separately in each year to allow preference to change over time. In each calendar year, we identified
patients with ≥2 diagnoses for RA, as determined by an International Classification of Diseases, Ninth Revision (ICD-9) code of
714.x, recorded ≥7 days apart who either 1) filled a prescription or
received an infusion of a biologic DMARD (bDMARD) or targeted
synthetic DMARD (tsDMARD) or 2) filled a prescription for methotrexate and received no biologics or tsDMARDs during that year.
Patients could be new users or prevalent users of their DMARD
(i.e., received DMARDs in the previous calendar year). We excluded
patients with diagnoses of psoriatic arthritis (PsA), ankylosing spondylitis (AS), inflammatory bowel disease (IBD), or systemic lupus
erythematosus (SLE) during that calendar year and required that
patients have ≥180 days of available follow-up after the first filled
prescription or infusion. Patients were considered glucocorticoid
users if they received a ≥30 day supply of glucocorticoids within
90 days of the first bDMARD/tsDMARD or methotrexate prescription of that year, based on filled prescriptions for oral prednisone,
prednisolone, or methylprednisolone. Patients could contribute
observations to each qualifying calendar year but had to meet the
same inclusion/exclusion criteria described above each year.
For each patient, we identified the treating rheumatologist
using the National Provider Index number from the most recent
rheumatology outpatient visit (Medicare provider type 66) prior
to the first bDMARD/tsDMARD or methotrexate prescription of
the year that included an RA diagnosis. We then defined each
individual rheumatologist’s preference for glucocorticoids for any
year in which they treated at least 10 qualifying RA patients (to
enable stable preference estimates) in that year. Preference was
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recalculated each year, which allowed a provider’s preference to
change over time. Provider preference was defined as the ratio
of the observed number of patients with RA receiving glucocorticoids compared to the expected number of patients with RA
receiving glucocorticoids, based on each physician’s case mix. To
obtain the expected number, we predicted each patient’s probability of receiving glucocorticoids based on a predefined set of
patient characteristics and then summed the predicted probabilities for the patients seen by each provider.
Predicted probability of receiving glucocorticoids was calculated by including all patients in a logistic regression model with glucocorticoid use as the outcome and covariates including age, sex,
race, calendar year, type of DMARD, receipt of a new bDMARD/
tsDMARD, methotrexate, or other conventional synthetic DMARD
(csDMARD) in the preceding 3 months (capturing new use versus
prevalent use), Charlson comorbidity index score, and each individual component comorbidity from the preceding year (including
chronic obstructive pulmonary disease [COPD]). The coefficients
from this model were then used to calculate the predicted probability of glucocorticoid use for each patient based on the patient’s
characteristics. In this analysis, we aimed to include a limited set
of commonly available patient factors and did not include measures of health care utilization or use of other medications, such as
opioids, that are likely also to vary substantially across providers.
Cohort 2 (stable DMARD RA cohort) and evaluating ability of provider preference to predict a patient’s
long-term glucocorticoid use. To determine to what degree
provider preference could predict glucocorticoid use in a patient
with RA receiving stable DMARD therapy, we identified a separate
cohort of patients. Patients included in this cohort had ≥2 diagnoses of RA ≥7 days apart, had initiated a bDMARD/tsDMARD
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or methotrexate without a bDMARD/tsDMARD, and had continued receiving their DMARD continuously for at least 9 months (no
new bDMARD/tsDMARD initiation and no gaps in DMARD therapy of >90 days). Index date was defined as the date 6 months
after initiation of DMARD course. All patients were required to
have 6 months of preceding data before the DMARD course
date—this 6-month period and the first 6 months of the DMARD
course were the baseline period. We excluded patients with PsA,
AS, IBD, SLE, malignancy, or HIV during the baseline period and
also measured covariates during this window.
The primary outcome of interest was an average glucocorticoid
dose of ≥5 mg/day in the 3 months after the index date (6–9 months
after DMARD initiation) based on filled prescriptions for oral prednisone, prednisolone, and methylprednisolone (Figure 1). The treating rheumatologist was again identified based on the last outpatient
visit with a rheumatologist that included a diagnosis of RA before
the index date. The provider preference for glucocorticoids for this
rheumatologist was obtained from the larger cohort after subtracting
out the contribution of the patient of interest, to ensure patients were
not contributing to their own provider preference measure. As a sensitivity analysis, we also evaluated alternative outcomes—any glucocorticoid use of ≥10 mg/day and glucocorticoid use of any dose.
We used multivariable logistic regression analysis to determine whether provider preference for glucocorticoids (observed/
expected ratio divided into quintiles) could predict use of
≥5 mg/day of glucocorticoids 6–9 months after DMARD initiation, adjusting for a comprehensive set of covariates, including
demographic and clinical characteristics (age, race, sex, year,
region, urban versus rural residence, skilled nursing facility residence, zip code–based median household income, number of
previous biologics, type of DMARD use, use of nonsteroidal antiinflammatory drugs, opioids, and antibiotics in the 90 days before

Figure 1. Study design. In cohort 1 (all rheumatoid arthritis [RA] cohort), provider preference for glucocorticoids for each rheumatologist
was determined by evaluating all qualifying patients with RA seen by a rheumatologist in a given year and dividing the observed number of
the rheumatologist’s patients who received glucocorticoids by the expected number of patients receiving glucocorticoids based on patient
characteristics. In cohort 2 (stable receiving disease-modifying antirheumatic drug [DMARD] RA cohort), we evaluated patients with RA with at
least 9 months of continuous treatment with methotrexate (MTX) or a biologic DMARD/targeted synthetic DMARD (tsDMARD) and 6 months of
preceding data before DMARD course initiation to determine whether the treating rheumatologist’s provider preference for glucocorticoids was
independently associated with glucocorticoid use in the 3 months after the index date (6–9 months after starting the DMARD course).
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the index date), comorbidities (Charlson comorbidity index score,
diabetes mellitus, hypertension, chronic kidney disease, COPD,
asthma, cerebrovascular disease, obesity, congestive heart failure, coronary artery disease, peptic ulcer disease, extraarticular
RA, anemia, myocardial infarction, depression, and chronic pain),
and medical history (number of outpatient visits, rheumatology
visits, hospitalizations, infections that required hospitalization,
and emergency department visits in the past year; also, use of
durable medical equipment and cancer screening). Analysis was
clustered by patient to account for patients contributing observations in multiple years. Because some patients receiving methotrexate may not have been receiving “stable” DMARD therapy
due to dose increases or addition of other csDMARDs, we also
conducted a sensitivity analysis limited to patients receiving continuous bDMARD/tsDMARD therapy.
Provider characteristics associated with greater glu
cocorticoid prescribing. Provider characteristics (sex, practice
type, employment, years in practice, US medical school graduate,
region, years in practice) were identified using the 2017 American Medical Association (AMA) Physician Masterfile (21). We
used a multivariable generalized estimating equation model with
an exchangeable correlation structure to evaluate associations
between provider characteristics and likelihood of having a higher
provider preference for glucocorticoid use. We defined “higher”
provider preference first as an observed/expected preference of >1
(observed number of RA patients receiving glucocorticoids greater
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than expected number based on case mix). We then alternatively
defined a higher glucocorticoid prescriber as prescribers with an
observed/expected preference for prescribing glucocorticoids
in the >80th percentile (top quintile) versus the ≤80th percentile.
Results are expressed as the median (interquartile range [IQR]) or
as odds ratios (ORs) (95% confidence intervals [95% CIs]).

RESULTS
Identifying provider preference for glucocorticoids
(cohort 1 [all RA cohort]). We identified 385,597 patients contributing to 1,272,644 yearly observations, with 56.3% receiving a
bDMARD/tsDMARD and 43.7% receiving methotrexate without
a bDMARD/tsDMARD during a given year. Of these observations,
1,204,836 (94.7%) were associated with a rheumatologist who saw
at least 10 qualifying patients during that calendar year. In total, 6,875
unique providers saw at least 10 qualifying RA patients (median 32
RA patients [IQR 18–54 RA patients]) and contributed 28,936 yearly
observations.
The distribution of provider preference for glucocorticoids
is shown (Figure 2), with observed/expected measures of glucocorticoid use “>1” indicating more use than expected based
on patient characteristics in that rheumatologists’ practice,
and observed/expected measure “<1” indicating less use than
expected. Provider preference was highly variable, with an IQR of
0.67 (33% lower prescribing than expected) to 1.31 (31% greater
prescribing than expected). The median observed proportion of

Figure 2. Variability in provider preference for glucocorticoids, assessed among rheumatologists seeing at least 10 patients with rheumatoid
arthritis in a given calendar year. An observed/expected measure of “>1” represents greater glucocorticoid prescribing than expected based on
patient characteristics, while a measure of “<1” represents lower prescribing (e.g., 1.4 = 40% more glucocorticoid prescribing than expected
based on patient characteristics). Data are shown as box plots. Each box represents the upper and lower interquartile range. Lines inside the
box represent the median. Whiskers represent the range for providers seeing 10–20, 20–40, 40–60, or >60 qualifying patients. Circles indicate
outliers. Broken horizontal lines indicate the values of provider preference separating the 5 quintiles of provider preference.

|

GLUCOCORTICOID PRESCRIBING VARIABILITY

a rheumatologist’s patients receiving glucocorticoids was 24.3%
(IQR 16.7–33.3%). While variability among physicians seeing a
small number of patients (i.e., <20 patients) may be expected
due to imprecision in measurement, variability remained high
even among rheumatologists seeing a large number of patients
(Figure 2). The correlation between provider preference for glucocorticoid use within each rheumatologist’s practice was relatively
strong from year to year (r = 0.66 for consecutive years).
Provider preference and other predictors of glucocorticoid use in patients receiving stable DMARD therapy (cohort 2 [stable DMARD RA cohort]). We identified
197,352 treatment episodes among 149,857 unique patients with
RA who received stable DMARD therapy for at least 9 months. For

Table 1.

155,539 of these treatment episodes (among 120,660 patients),
there was an identifiable rheumatologist who had seen ≥10 RA
patients during that year in the larger data set. Glucocorticoids
were received 6–9 months after DMARD course initiation in 45.3%
of patients (median dose of 4.2 mg/day), with 16.4% of patients
receiving ≥5 mg/day and 3.4% receiving ≥10 mg/day. Select
patient characteristics are shown in Table 1, comparing patients
who received ≥5 mg/day versus <5 mg/day of glucocorticoids.
Patients seeing rheumatologists with a higher provider preference for glucocorticoids were more likely to receive ≥5 mg/day
of glucocorticoids, independent of other patient characteristics
(OR 2.51 [95% CI 2.39–2.63] for highest quintile of preference
versus lowest quintile) (a full model is shown in Supplementary
Table 1, available on the Arthritis Care & Research website at

Select characteristics of patients with RA receiving stable DMARD therapy*

Age, mean ± SD years
Female sex
White
Methotrexate without bDMARDs/
tsDMARDs
TNF inhibitor
Abatacept
Rituximab
Tocilizumab
Tofacitinib
Glucocorticoid dose
None
<5 mg
5mg to <10 mg
≥10 mg
Prior biologics
None
1
2
≥3
NSAIDs
Opioids
Charlson comorbidity index
score, mean ± SD
Diabetes mellitus
Hypertension
Chronic kidney disease
COPD
Asthma
Obesity
Coronary artery disease
Anemia
Extraarticular RA
Hospitalization due to infection in
the past year
Hospitalization in the past year
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None to <5 mg/day of GCs
6–9 months after
DMARD course initiation
(n = 85,011)

≥5 mg/day of GCs
6–9 months after
DMARD course initiation
(n = 70,528)

SMD†

69.0 ± 11.4
105,660 (81.2)
61,859 (47.6)
64,992 (50.0)

67.8 ± 11.8
19,540 (76.6)
51,702 (202.8)
11,955 (46.9)

–0.106
–0.113
0.038
–0.062

41,507 (31.9)
12,696 (9.8)
5,897 (4.5)
3,766 (2.9)
1,186 (0.9)

7,871 (30.9)
2,727 (10.7)
1,648 (6.5)
997 (3.9)
297 (1.2)

–0.023
0.031
0.085
0.056
0.025

85,011 (65.4)
45,033 (34.6)
0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)
20,173 (79.1)
5,322 (20.9)

NA
NA
NA
NA

85,326 (65.6)
30,960 (23.8)
9,782 (7.5)
3,976 (3.1)
33,336 (25.6)
57,097 (43.9)
2.3 ± 2.6

14,223 (55.8)
7,150 (28.0)
2,714 (10.6)
1,408 (5.5)
6,185 (24.3)
15,231 (59.7)
2.7 ± 2.8

–0.202
0.097
0.109
0.122
–0.032
0.321
0.166

27,819 (21.4)
75,086 (57.7)
9,971 (7.7)
14,769 (11.4)
9,716 (7.5)
12,437 (9.6)
25,413 (19.5)
29,091 (22.4)
3,331 (2.6)
11,097 (8.5)

5,834 (22.9)
15,369 (60.3)
2,437 (9.6)
4,486 (17.6)
2,554 (10.0)
2,910 (11.4)
5,615 (22.0)
6,997 (27.4)
1,084 (4.3)
3,844 (15.1)

0.036
0.052
0.067
0.178
0.09
0.06
0.061
0.118
0.093
0.204

28,820 (22.2)

8,146 (32.0)

0.222

* Values are the number (%) unless otherwise indicated. bDMARDs = biologic disease-modifying antirheumatic drugs;
COPD = chronic obstructive pulmonary disease; GCs = glucocorticoids; NA = not applicable; NSAIDs = nonsteroidal
antiinflammatory drugs; RA = rheumatoid arthritis; tsDMARDs = targeted synthetic DMARDs; TNF = tumor necrosis factor.
† The standardized mean difference (SMD) is shown, with absolute values of >0.1 considered as potentially meaningful
differences between groups.
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http://onlinelibrary.wiley.com/doi/10.1002/acr.24382/abstract).
Predicted probabilities of glucocorticoid use generated from
this model are shown in Figure 3, with a more than two-fold difference in predicted use of ≥5 mg/day ranging from 10.6–22.2%
for patients seen by physicians in the lowest versus highest
quintile of provider. Results were similar in a sensitivity analysis
restricted to patients receiving stable bDMARD/tsDMARD use
(Supplementary Figure 1 and Supplementary Table 2, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24382/abstract). Other factors associated with continued use of ≥5 mg/day of glucocorticoids
included male sex, greater number of previous biologics, opioid
use, recent antibiotic use, COPD, extraarticular RA, more frequent outpatient visits, previous hospitalization due to infection,
previous emergency department visits, and absence of diabetes mellitus, hypertension, chronic kidney disease, or coronary
artery disease. Glucocorticoid use was slightly less common in
later years. Provider preference was also associated with receiving ≥10 mg/day of prednisone (OR 1.80 [95% CI 1.63–1.98] for
highest quintile of preference versus lowest quintile of preference)
and any dose of glucocorticoids (OR 3.14 [95% CI 3.03–3.26])
for highest quintile of preference versus lowest quintile of preference) (Supplementary Table 1). Older patients were more likely
to receive any dose of glucocorticoid but less likely to receive
higher glucocorticoid doses.
Physician characteristics associated with glucocorticoid prescribing. Using the 2016 AMA Masterfile data, we were
able to identify physician characteristics for 4,019 providers contributing 24,124 (83.4%) provider-years. Characteristics of physicians
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are shown in Table 2. In a multivariable model, physicians who were
female, part of a solo practice (versus a group practice), in practice
for ≥10 years, and who saw a greater number of RA patients were
less likely to be high glucocorticoid prescribers (observed/expected
prescribing >1) (Table 3). Associations were similar when evaluating predictors of being in top 20th percentile of observed/expected
glucocorticoid prescribing, except that solo practice was no longer
associated with prescribing preference (Table 3).

DISCUSSION
In this large national cohort study, we created a measure of
provider preference for using glucocorticoids for RA management
that was adjusted for the case mix of each rheumatologist’s practice. We found substantial variability in the prescribing of glucocorticoids among rheumatologists. Among a cohort of patients
with RA receiving stable DMARD therapy, provider preference
for glucocorticoids was one of the strongest predictors of continued glucocorticoid use at doses of ≥5 mg/day and also predicted higher dose use of ≥10 mg/day. In other words, seeing
a provider who frequently treats other patients with RA with glucocorticoids makes it much more likely that a patient will receive
long-
term glucocorticoids, independent of all other measured
patient and disease-related characteristics.
Our finding that glucocorticoid prescribing varies widely
between rheumatologists is supported by several previous studies, each with different approaches. Significant variability in both
glucocorticoid and DMARD prescribing during the first year after
RA diagnosis has been described by Wallace et al (18). Black and
colleagues examined general practitioners in the UK and defined

Figure 3. Impact of provider preference on glucocorticoid use in patients receiving stable disease-modifying antirheumatic drug (DMARD)
therapy. Predicted probability of a patient receiving ≥5 mg per day of glucocorticoids in the 6–9 months after start of a stable DMARD course,
generated from a logistic regression model (Supplementary Table 1, available on the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24382/abstract) based on the provider preference of the patient’s rheumatologist and adjusted for patient demographic
characteristics, DMARD type, other medication use, comorbidities, and health care utilization measures. 95% confidence intervals are shown in
parentheses, with P < 0.01 between all groups.
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Table 2. Characteristics of included rheumatologists based on the
2016 American Medical Association Survey*
Rheumatologists
(n = 4,019)
Female sex
Type of practice
Office
Hospital staff
Other
Employment
Group practice
Solo practice
Medical school
Local government
Federal government
US medical school graduate
Region
Northeast
Midwest
South
West
Years in practice, %†
<10 years
10–29 years
≥30 years
Number of qualifying patients
with RA treated, %†
<20
20–40
40–60
≥60

1,480 (36.8)
3,056 (76.0)
340 (8.5)
623 (15.5)
2,315 (57.6)
791 (19.7)
84 (2.1)
281 (7.0)
481 (12.0)
2,746 (68.3)
903 (22.5)
881 (21.9)
1,451 (36.1)
784 (19.5)
17.8
52.6
30.3
27.0
32.8
18.2
22.0

* Values are the number (%) unless otherwise indicated. RA =
rheumatoid arthritis.
† Years in practice and number of qualifying Medicare patients could
vary within a provider in different years. Percentages shown are the
proportion of provider-year observations (n = 24,124) with these
characteristics.

provider preference based on the average proportion of time a physician’s patient received glucocorticoids (22). Criswell and Redfearn
analyzed a longitudinal panel of RA patients and also found significant variability in glucocorticoid prescribing among the 63 included
rheumatologists that persisted after adjusting for patient factors
(23). Two aspects of our approach represent an important advance
over these prior studies. First, we allowed provider preference to differ from year to year, recognizing that practice patterns can change
over time. Second, recognizing that case mix may vary between
rheumatologists, we created a measure of provider preference that
accounts for differences in the demographic characteristics and
comorbidities of a physician’s RA patient panel. Even after accounting for variation over time and differences in case mix, we observed
a wide range of glucocorticoid prescribing patterns across thousands of providers that likely included the majority of practicing
rheumatologists in the US. Although our data was restricted to
2006–2015, reductions in glucocorticoid use over this time frame
were small, and results are expected to be similar after 2015.
An additional unique feature of our study is the evaluation of
how our provider preference measure can predict long-term glucocorticoid use in a separate cohort of patients with RA receiving
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stable DMARD therapy, excluding patients with more refractory
disease who continued to undergo changes in their RA treatment regimen. Despite the fact that many current RA treatment
term use of glucocorticoids
guidelines recommend only short-
as bridging therapy (12,13), nearly 1 in 6 patients continued to
receive ≥5 mg/day of glucocorticoids 6–
9 months after starting methotrexate or a new bDMARD or tsDMARD. The predictive
ability of our measure of provider preference remained robust even
after adjustment for patient factors previously shown to predict
glucocorticoid use (22,24,25). Notably, our measure of provider
preference was one of the factors most strongly associated with
long-term glucocorticoid use. Interestingly, while provider preference was associated with higher dose glucocorticoids ≥10
mg/day, we found even stronger associations with long-term low-
dose use—an area of substantial controversy.
Rheumatologists who were male, in practice for less than 10
years, and who saw a smaller number of RA patients were more
likely to be high glucocorticoid prescribers. While it is interesting
that physicians with more clinical experience, both in terms of
years and RA patients seen, tended to be lower prescribers, these
associations were modest in magnitude. It is also possible that the
types of patients without RA seen by a rheumatologist influence
glucocorticoid prescribing for patients with RA, although examining broader practice patterns was beyond the scope of this study.
Identifying high variability in glucocorticoid prescribing has
important implications. Areas of high practice variability can identify potential targets for quality improvement and highlight the
need for stronger evidence to guide practice. In the absence
of clear evidence on who should continue to receive low-dose
glucocorticoids beyond 6 months after starting a new DMARD
or biologic, we cannot say definitively whether our results reflect
overuse of glucocorticoids by some providers, underuse by some
providers, or both. It is notable, however, that provider preference
was also strongly associated with continued glucocorticoid use
of ≥10 mg/day, which is known to carry higher risks and is part
of established quality metrics (26). Additionally, our finding that a
patient’s likelihood of receiving glucocorticoids is highly dependent
on the provider they see creates a “natural experiment”—provider
preference may be a potential instrumental variable for future

pharmacoepidemiologic studies of glucocorticoid safety that have
the potential to better address unmeasured confounding (19,27).
Several limitations of the present study are important to
note. Some of the measured variability in provider preference may
be the result of variability in the severity or refractoriness of the
provider’s patient panel, which we could not directly measure in
these data. We could not directly measure disease activity, which
is known to strongly predict glucocorticoid use, but our measure
of provider preference was adjusted for expected use based
on variables available in administrative data. Additionally, provider preference strongly predicted glucocorticoid use even after
adjustment for measures of health care utilization, use of durable medical equipment, opioid use, current biologic use, and
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Table 3. Physician characteristics associated with higher glucocorticoid prescribing versus lower gluco
corticoid prescribing*

Female physician
Practice type
Office
Hospital staff
Other
Employment
Group practice
Solo practice
Medical school
Local government
Federal government
Other
Years in practice
<10
10–30
≥30
US m
 edical school graduate
Region
Northeast
Midwest
South
West
Number of qualifying Medicare
patients with RA seen in year
10–20
20–40
40–60
≥60
Calendar year

Observed/expected >1,
OR (95% CI)

Top quintile (>80th percentile) of
observed/expected, OR (95% CI)

0.81 (0.73–0.90)†

0.73 (0.64–0.82)†

Ref.
1.05 (0.77–1.42)
1.19 (1.02–1.38)†

Ref.
0.93 (0.66–1.32)
1.16 (0.97–1.39)

Ref.
0.83 (0.74–0.94)†
1.28 (0.90–1.83)
0.95 (0.70–1.29)
1.03 (0.66–1.60)
1.00 (0.84–1.19)

Ref.
0.99 (0.85–1.15)
1.11 (0.74–1.64)
1.10 (0.77–1.56)
0.92 (0.54–1.56)
1.08 (0.88–1.32)

Ref.
0.81 (0.74–0.88)†
0.88 (0.78–0.99)†
0.92 (0.83–1.02)

Ref.
0.80 (0.73–0.89)†
0.84 (0.73–0.96)†
1.00 (0.88–1.13)

Ref.
1.09 (0.94–1.25)
1.11 (0.97–1.26)
0.89 (0.77–1.03)

Ref.
1.14 (0.96–1.35)
1.20 (1.03–1.39)†
0.92 (0.77–1.10)

Ref.
0.85 (0.79–0.90)†
0.80 (0.73–0.87)†
0.78 (0.71–0.85)†
1.00 (0.99–1.01)

Ref.
0.71 (0.66–0.77)†
0.52 (0.47–0.58)†
0.44 (0.39–0.49)†
1.01 (1.00–1.03)†

* Results from two separate multivariable logistic regression models, first evaluating physician associations with
an observed/expected measure of glucocorticoid prescribing of “>1” (observed prescribing greater than expected
based on patient characteristics), and then physician characteristics associated with being in the top 20th
percentile of glucocorticoid prescribing preference based on the observed/expected measure. The observed/
expected measure was defined as observed glucocorticoid prescribing divided by expected glucocorticoid
prescribing. 95% CI = 95% confidence interval; OR = odds ratio; RA = rheumatoid arthritis; Ref. = reference.
† Statistically significant at P < 0.05.

number of previous biologics. Misclassification of glucocorticoid
use is possible—some patients may have filled a prescription only
for short-term use for flares, may have filled a prescription and
not taken it, may have received intramuscular glucocorticoids (not
captured in this study), or may have received glucocorticoids for
other indications (e.g., COPD, acute bronchitis) or from a non-
rheumatologist provider. While these factors could increase prescribing variability, they would be hypothesized to reduce the
degree to which provider preference could predict glucocorticoid use. We only had information about a provider’s Medicare
patients, who might be more likely to receive glucocorticoids,
and it is uncertain whether provider behavior would be similar in
the treatment of younger, healthier patients with other insurance
coverage. The impact on provider preference on glucocorticoid
use in younger patients with RA may also differ. Additionally, we
recognize that rheumatologists are increasingly reliant on working
with advanced practice providers (i.e., physician assistants and
nurse practitioners), and these individuals may be the prescribers

of glucocorticoids in some cases. While our study included a large
number of rheumatologists in the US, behavior could be different
among providers seeing only a small number of patients with RA
(these physicians were excluded from the present study) or among
physicians in other countries. Finally, we measured actual glucocorticoid prescription fills, and it is possible that rheumatologists
unsuccessfully attempted to taper glucocorticoid therapy. Unlike a
registry or some electronic medical record data systems, administrative claims data are not able to capture the intent to change
RA treatments, but only records whether treatment changes were
actually made.
In conclusion, there is large variability among rheumatologists in the prescribing of glucocorticoids for patients with RA,
highlighting the need for stronger evidence to guide treatment
decisions. Rheumatologists who are younger or see fewer RA
patients are more likely to use glucocorticoids. A physician’s
preference for glucocorticoids is one of the strongest predictors that a patient will receive long-term glucocorticoids.
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Systematic Literature Review of Residual Symptoms and an
Unmet Need in Patients With Rheumatoid Arthritis
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Objective. To evaluate the nature and burden of residual disease in rheumatoid arthritis (RA) in patients who meet
treatment targets. Second, for those who did not meet targets, to evaluate how much is due to patient symptoms.
Methods. Prospective and retrospective studies were searched in Medline, Embase, and Cochrane Library in the
English language from January 1, 2008 to April 18, 2018; conference abstracts (from January 2016 to April 2018) and
reference lists of relevant studies were also screened.
Results. Of 8,339 records identified, 55 were included in the review; 53 were unique studies, including 10
randomized controlled trials. Of these, 48 reported on patients who achieved low disease activity (LDA) or remission.
Studies varied in population, treatment goals, and outcome reporting. The proportions of patients with residual
symptoms in these studies varied by the definitions used for LDA or remission and were more often reported in
patients with LDA than those in remission. The most commonly reported outcome measures were functional disability
(n = 34 studies), tender or swollen joints (n = 18), pain (n = 17), patient global assessment (n = 15), and fatigue (n =
14). However, few studies reported the percentage of patients achieving a specific threshold, which could then be
used to easily define the presence of residual symptoms.
Conclusion. Residual symptoms are present in some patients despite their achieving LDA or remission,
highlighting an unmet need, especially with respect to improving pain, fatigue, and function. Standardized reporting
in future observational studies would facilitate better understanding of this issue in defined RA populations.
INTRODUCTION
Rheumatoid arthritis (RA), the world’s most prevalent chronic
autoimmune inflammatory arthritis, is characterized by joint inflammation directly leading to pain, functional decline, and fatigue, all
of which negatively impact health-related quality of life (HRQoL)
and reduce a patient’s ability to work (1). A combination of new
therapeutics and new treat-to-target strategies has made sustained clinical remission a primary goal in treating patients with

RA. Reaching this goal requires regular assessment of RA activity
composite measures and the ability to escalate treatment regimens (2–4).
Despite successes from this approach, remission may not
be achievable, and a low disease activity (LDA) state may be
an acceptable alternative goal (2). However, for some patients,
particularly in the more established phase of disease, it may not
be possible to achieve and sustain even LDA, as evidenced in
real-world data (5,6). In addition, patients with RA and moderate
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disease activity may prefer staying with their current treatment
over changing treatment and risking the possibility of developing
worse symptoms, including possible side effects (7). Whether or
not a disease activity treatment target is achieved, many symptoms most troublesome to individuals living with RA are subjective in nature, and their true impact is known only to the patients
themselves and not routinely captured in disease activity scores
(8). These concerns highlight the importance of understanding
and measuring other HRQoL domains that are impacted by RA
and that might be ameliorated by using therapeutic approaches
employed adjunctively to a goal-
oriented strategy determined
solely by composite measures of disease activity.
Recognizing that individuals with RA who meet remission
or LDA as defined by composite scores of disease activity may
continue to have symptoms (referred to subsequently as “residual
symptoms”), we set out in this study to understand the nature
of such residual symptoms as reported in the literature and how
these symptoms impact patients’ lives.

impact. Full details of the search strategy are in Supplementary Table 1, available on the Arthritis Care & Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24369/
abstract.
Study eligibility criteria were created using the population,
interventions, and outcomes process (see Supplementary Table 2,
available on the Arthritis Care & Research website at http://onlin
elibrary.wiley.com/doi/10.1002/acr.24369/abstract). Studies of
interest were prospective (including randomized controlled trials
[RCTs]) and retrospective studies in patients with RA age ≥18 years
who were treated with conventional synthetic disease-modifying
antirheumatic drugs (csDMARDs), biologic DMARDs (bDMARDs),
or JAK inhibitors according to a treat-
to-
target strategy. We
included studies that reported outcomes for patients who did or
did not meet treat-to-target goals (LDA or remission). Outcomes
of interest included any patient symptoms (e.g., pain, fatigue, functioning) or disease impact (e.g., HRQoL, absenteeism, or presenteeism) for studies where patients met treat-to-target goals. For
patients who did not achieve treat-to-target goals, outcomes of
interest were disease impact or reasons for not achieving goals.
Due to the wealth of literature, studies were limited to the following
countries where treat-to-target is known to be implemented: Canada, France, Germany, Italy, Japan, the Netherlands, Spain, Sweden, the UK, and the US. Multinational studies that included these
countries were included.
Titles and abstracts and full texts were screened by one
researcher to determine eligibility according to the predefined inclusion and exclusion criteria. A separate researcher
performed a random 10% quality check of the included and
excluded studies; any disagreements or uncertainties about
relevance were determined by consensus. Data from eligible
studies were extracted from full-text publications where possible. Data extraction was verified against the source by a second researcher.

MATERIALS AND METHODS

RESULTS

A systematic literature review (SLR) was performed, following Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines, in Medline, Embase, and
the Cochrane Library. Searches were conducted on April 18,
2018 and were limited to articles published in the English language after January 1, 2008. Conference abstracts (European
Alliance of Associations for Rheumatology [EULAR], American
College of Rheumatology [ACR], International Society of Pharmacoeconomics and Outcomes Research, and International
Society for Pharmacoepidemiology) were also searched from
January 2016 to April 2018, as well as reference lists of any relevant systematic reviews and meta-analyses published in the
previous 5 years. Search terms included combinations of free
text and Emtree/MeSH subject headings for terms relating to
RA, LDA, treatment targets, treatment outcomes, and disease

Of the 8,339 records identified after removal of duplicates,
55 met the inclusion criteria for this review (Figure 1). Three articles reported on the same RCT; hence, 53 unique studies were
included.
Of the 53 included studies, 10 were RCTs and 43 were
nonrandomized studies; 42 reported outcomes of interest for
patients who achieved treat-to-target goals (8 RCTs and 34
nonrandomized studies), and 5 reported on patients who did
not achieve goals (5 nonrandomized studies); 6 reported data
of interest for both groups of patients (see Supplementary
Tables 3 and 4, available on the Arthritis Care & Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24369/
abstract). Studies were identified from all 10 specified countries, the greatest number of which were from Japan, the
Netherlands, the UK, and the US.

SIGNIFICANCE & INNOVATIONS
• Based on a very large literature search, we have
identified that there is a paucity of data and lack
of standardization for reporting residual patient-
centered symptoms and outcomes in those patients attaining a treatment target.
• Reliance solely on traditional rheumatoid arthritis
disease activity targets as acceptable treatment
goals risks underestimating the impact on patients’
pain, function, health, and true burden of illness for
a meaningful proportion of patients.
• The use of patient-reported outcomes in addition
to a treat-to-target approach may provide information that will inform a management decision necessary to address residual symptoms.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram. No abstracts were identified from the
internet searches because the 2016 and 2017 meetings were indexed in Embase, and the 2018 meetings had not occurred at the time of the
search. a = duplicate references, abstracts that were published before 2016, and studies performed in countries not of interest.

Substantial heterogeneity among the studies made direct
comparisons difficult. For example, study designs included RCTs,
prospective observational studies, retrospective studies, and
patient interviews. Patient characteristics varied in terms of duration and severity of disease and prior treatments, and studies were
diverse in their use of tools for assessing outcomes and the manner in which they were reported. Minimum clinically important
differences were often not reported, even for those instruments
that have them defined. Furthermore, the studies used a variety
of treatment goals for remission or LDA; Disease Activity Score in
28 joints (DAS28) was the most commonly used measure, with a
DAS28 score of <3.2 used to define LDA, and a DAS28 score of
<2.6 to define remission (Figure 2).
Residual symptoms. Studies reported on a range of symptoms among patients who achieved treat-to-target goals; various
tools/measurements were used (see Supplementary Table 3,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24369/
abstract). Most studies reported mean or median values; however, a handful reported the proportion of patients achieving a certain threshold (Tables 1 and 2).
The most commonly reported outcomes were functional
disability, pain, fatigue, tender or swollen joints, and physician
global assessment of disease activity (PhGA) or patient global

assessment of disease activity (PtGA) (Figure 3). Other symptoms
such as anxiety, depression, sleep disturbances, and morning
stiffness were reported less often.
Functional disability. Functional disability was the most
commonly reported symptom, reported in 34 studies (including
6 RCTs) (results in Supplementary Table 5, available on the Arthritis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24369/abstract). The tool most often used was
the Health Assessment Questionnaire (HAQ) or its derivatives:
the HAQ disability index (HAQ DI; 27 studies), modified HAQ
(M-
HAQ; 3 studies), and multidimensional HAQ (MD-
HAQ; 1
study). Other tools included the Patient-
Reported Outcomes
Measurement Information System (PROMIS-29) physical function domain, Michigan Hand Outcome Questionnaire, Funktionsfragebogen Hannover patient questionnaire, McMaster Toronto
Arthritis Patient Preference Questionnaire, Signals of Functional
Impairment, and Steinbrocker Functional Classification.
Of the 6 RCTs that used the HAQ DI, all defined LDA using
the DAS28 (C-reactive protein [CRP] or erythrocyte sedimentation rate [ESR]) (9–14). A HAQ DI score of <0.5 was often
used by studies to describe normative physical function.
Mean ± SD scores for the HAQ DI ranged from 0.23 ± 0.33
for patients who experienced early remission (DAS score <1.6)
after 4 months of methotrexate in the IMPROVED study (9) to
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Figure 2. Definitions of remission (A) and low disease activity (B) used in the studies for randomized controlled trials (solid bars) and
nonrandomized studies (shaded bars). Some studies compared different treatment goals. ACR = American College of Rheumatology; CDAI =
Clinical Disease Activity Index; CRP = C-reactive protein; DAS28 = Disease Activity Score in 28 joints; ESR = erythrocyte sedimentation rate;
EULAR = European Alliance of Associations for Rheumatology; SDAI = Simplified Disease Activity Index.

0.81 in patients with LDA at ≥2 visits in the DRESS study (10).
The C-EARLY study reported that, although the mean HAQ
DI score was 0.3, ~20% of patients had residual effects on
physical function (15). Additionally, 21 nonrandomized studies
reported results from the HAQ (5,16–35), 8 of which included
patients in LDA or remission with a mean HAQ score of >0.5
(16,17,21,24,25,27,28,32). Mean ± SD scores ranged from
0.10 ± 0.02 in patients with a swollen joint count (SJC) of ≤1,
tender joint count (TJC) of ≤1, and PtGA score of ≤1 (20) to
1.4 ± 0.6 in patients with a DAS28 score of <3.2 (28).
The M-HAQ was used in 3 studies; mean scores ranged from
0.04 for patients in Clinical Disease Activity Index (CDAI) remission
(CDAI score ≤2.8) at year 5 (36) to 0.45 for patients with DAS28-
ESR scores of >2.6 and ≤3.2 (37). M-HAQ scores were lower for
patients in remission than for those with LDA and varied by target
used (Table 1). In the one study that used the MD-HAQ, patients
in remission (DAS28-CRP score <2.6) had a mean ± SD score of
0.32 ± 0.32 (38).
The level of functional disability depends on the target criteria used. Two studies reported a higher proportion of patients
with residual functional impairment (HAQ score >0.5) when a target DAS28 score of <2.6 was used compared with more stringent targets such as ACR-/EULAR-defined remission (18,19)
(Table 1). Additionally, an analysis of 753 patients from a postmarketing registry (16) also found that residual HAQ scores in
patients treated with infliximab or golimumab were higher when
the definition of remission used was a DAS28 score of <2.6 than
when the definition was a CDAI score of ≤2.8 or an SDAI score

of ≤3.3, with mean ± SD scores of 0.76 ± 0.67, 0.57 ± 0.56,
and 0.57 ± 0.57, respectively. Additionally, patients with LDA had
higher residual HAQ scores than those in remission: 0.86 ± 0.67
for DAS28 score of ≤3.2, 0.94 ± 0.70 for CDAI score of ≤10.0,
and 0.89 ± 0.69 for SDAI score of ≤11.0 (16).
Whether remission is sustained also impacts the presence
of functional disability. An observational study of patients receiving anti–tumor necrosis factor (anti-TNF) therapy over 6 years
(25) observed that patients in sustained remission (defined as
DAS28 score <2.6 on at least 2 consecutive occasions and for
≥6 months) had lower HAQ scores (better physical functioning)
than those who had only occasional remission. Full physical
function (HAQ score = 0) was achieved by 43% of patients with
DAS28-
defined sustained remission, 60% with SDAI-
defined
sustained remission, and only 12% with no DAS28-defined sustained remission. Furthermore, an analysis of the Better Anti-
Rheumatic PharmacOTherapy (BARFOT) trial (26) reported that
17.5% of patients in remission (DAS score <2.6) at years 1, 2, 5,
and 8 had a HAQ score of ≥1 at 8 years, indicating that some
patients still experienced significant disability despite sustained
remission.
Pain. Pain was reported in 17 studies, including 3 RCTs.
Thirteen reported pain using a visual analog scale (VAS), 3 used
the 36-item Short Form 36 (SF-36) health survey bodily pain domain, and 1 each used the PROMIS-29 pain interference domain and an 11-point scale (results in Supplementary Table 6,
available on the Arthritis Care & Research website at http://onlin
elibrary.wiley.com/doi/10.1002/acr.24369/abstract).
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Studies reporting percentage of patients achieving a threshold value for functional disability, pain, and fatigue*

Author, year (ref.)

Country

Functional disability
C-EARLY study
(13,15,55)

Outcome definition and
assessment tool
HAQ DI score >0.5 at week 52

Sustained LDA (DAS28-ESR
score ≤3.2 both at weeks
40 and 52)
DAS28-CRP score <2.6
ACR/EULAR remission†
CDAI score <2.8
SDAI score <3.3
DAS28-CRP score <3.2
CDAI score <10
SDAI score <11
DAS28-ESR score <1.6
DAS28-ESR score <2.6
DAS28-ESR score <2.0
ACR/EULAR remission
SDAI score ≤3.3
DAS28 sustained remission
No DAS28 sustained
remission§
SDAI sustained remission¶
Remission (DAS score <2.6)
at years 1, 2, 5, and 8
ACR/EULAR remission†

Perrotta et al, 2018
(18)

Italy

Residual functional impairment (HAQ
DI score >0.5)

Sakellariou et al, 2013
(19)

Italy

HAQ DI score >0.5

Einarsson et al, 2016
(25)

Sweden

Full physical function (HAQ DI score =
0) after 6 years

Svensson et al, 2016
(26)
Navarro-Millán et al,
2013 (37)

Sweden

HAQ DI score ≥1 at 8 years

US

M-HAQ score = 0
M-HAQ score >0 and ≤0.5
M-HAQ score >0.5

Italy

Residual pain defined as VAS score >10
mm (range 0–100 mm)

Navarro-Millán et al,
2013 (37)

US

Altawil et al, 2016 (42)

Sweden

VAS score = 0 (range 0–10 cm)
VAS score = 1 (range 0–10 cm)
VAS score = 2 (range 0–10 cm)
VAS score ≥3 (range 0–10 cm)
Significant remaining pain, VAS score
>20 (range 0–100 mm)

Pain
Perrotta et al, 2018
(18)

Fatigue
Druce et al, 2016 (47)

Navarro-Millán et al,
2013 (37)

UK

US

Definition of remission
or LDA

Partial remission of fatigue: SF-36 VT
domain >5th percentile from a
matched general population (>12.5
on the SF-36 VT [scale 0–100])
Complete remission of fatigue: SF-36
VT domain >25th percentile from a
matched general population (>50 on
the SF-36 VT [scale 0-100])
Nonremission of fatigue
>62.5 on the SF-36 VT (score ≥ general
population median)
0 on VAS (range 0–10 cm)
1 on VAS (range 0–10 cm)
2 on VAS (range 0–10 cm)
≥3 on VAS (range 0–10 cm)

DAS28-CRP score <2.6
CDAI score <2.8
SDAI score <3.3
ACR/EULAR remission†
DAS28-CRP score <3.2
CDAI score <10
SDAI score <11
ACR/EULAR remission†

Good EULAR response
Moderate EULAR response
DAS28 score <2.6

Results, no./total no. (%)
of patients
CZP standard dose 17/84
(19.3)
CZP reduced frequency
25/126 (19.8)
CZP stopped 19/79 (24.1)
9/47 (19.1)
0/12 (0)
1/16 (6.25)
2/19 (10.5)
15/59 (25.4)
14/51 (27.4)
14/56 (25)
10/72 (13.9)
7/56 (12.5)
1/22 (4.5)
1/23 (4.3)
1/28 (3.6)
43‡
12‡
60‡
17.5‡
1,857/2,351 (79)
423/2,351 (18)
71/2,351 (3)
24/47 (51.1)
1/16 (6.25)
2/19 (10.5)
0/12 (0)
34/59 (57.6)
33/51 (58.9)
31/56 (55.3)
658/2,351 (28)
1,364/2,351(58)
212/2,351 (9)
118/2,351 (5)
123/421 (29)
280/402 (70)
255/271 (83)

101/271 (37.3)

170/271 (62.7)
44/271 (16.2)
ACR/EULAR remission†

682/2,351 (29)
1,011/2,351 (43)
282/2,351 (12)
353/2,351 (15)

* ACR = American College of Rheumatology; CDAI = Clinical Disease Activity Index; CZP = certolizumab pegol; DAS28-CRP = Disease Activity
Score in 28 joints using the C-reactive protein level; DAS28-ESR = DAS28 using the erythrocyte sedimentation rate; EULAR = European Alliance
of Associations for Rheumatology; HAQ = Health Assessment Questionnaire; HAQ DI = Health Assessment Questionnaire disability index; LDA =
low disease activity; M-HAQ = modified Health Assessment Questionnaire; ref. = reference; SDAI = Simplified Disease Activity Index; SF-36 = Short
Form 36 (health survey); SF-36 VT = SF-36 vitality scale; VAS = visual analog scale.
† Swollen joint count of 28 Joints, tender joint count of 28 Joints, CRP level, and patient global assessment of disease activity VAS ≤1.
‡ Values are the percentage.
§ DAS28 score of <2.6 on at least 2 consecutive occasions and for at least 6 months.
¶ SDAI score of <3.3 on at least 2 consecutive occasions and for at least 6 months.
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Summary of thresholds used in studies*
Outcome threshold

Functional disability

Pain
Fatigue

Tender or swollen joints

Physician or patient global assessment of disease
activity
Other symptoms

HAQ score ≤0.5
HAQ score >0.5
HAQ score = 0
HAQ score ≥1
M-HAQ score = 0; >0 and ≤0.5; >0.5
Residual pain: VAS score >10 mm
Significant remaining pain: VAS score >20 mm
VAS scores = 0, 1, 2, ≥3
Partial remission/complete of fatigue: SF-36 vitality
domain >5th/25th percentile from a matched
general population
VAS score = 0, 1, 2, ≥3 cm
Any tender or swollen joints
TJC >1
SJC >1
SJC28 = 0; 1; ≥2
TJC28 = 0; 1; ≥2
TJC28 or SJC28 in feet >0
PtGA VAS score >1 cm
PhGA VAS score >1 cm
Patient assessment of general health, VAS score
>1 cm
PASS, yes/no (yes indicates that symptoms are at
an acceptable level to the patient)
Presence of morning stiffness

No. of studies reporting
percentages
2
1
1
1
1
1
1
1
1
1
1
2
2
1
1
1
1
1
1
1
1

* HAQ = Health Assessment Questionnaire; M-HAQ = modified HAQ; PASS = Patient Acceptable Symptom State; PhGA = physician global
assessment of disease activity; PtGA = patient global assessment of disease activity; SF-36 = Short Form 36 (health survey); SJC = swollen joint
count; SJC28 = SJC in 28 joints; TJC = tender joint count; TJC28 = TJC in 28 joints; VAS = visual analog scale.

Ten studies (9,14,22–
24,26,35,39–
41) reported mean
or median VAS scores. For patients in remission, the average
VAS score ranged from 3 mm (range 0–12; scale 0–100 mm) for

patients in Boolean remission (40) to 3 cm (interquartile range 2–4,
scale 0–10 cm) for patients with a DAS in 44 joints score of ≤2.4
and SJC score of ≤1 plus ultrasound remission (22). For patients

Figure 3. Outcome measures used in the studies to inform on symptoms for randomized controlled trials (solid bars) and nonrandomized
studies (shaded bars). PGA = physician global assessment of disease activity; PtGA= patient global assessment of disease activity.
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with LDA, the mean ± SD VAS score ranged from 12.8 ± 15.5
for patients with sustained LDA (14) to 28.3 (scale 0–100 mm)
for patients with moderate or good EULAR response who perceived their overall health not to have improved (41). Only 4 studies reported an average pain VAS score of <1 cm (10 mm), and
these were all for patients in remission (23,35,40,41).
Three studies (18,37,42) reported patients achieving a certain VAS value (Table 1). First, a prospective study of patients taking biologics defined residual pain as a VAS score of >10 mm (18).
Residual pain was reported by 51.1% of patients with a DAS28-
CRP score of <2.6 compared with 6.25% with a CDAI score of
<2.8, 10.5% with an SDAI score of <3.3, and 0% meeting ACR/
EULAR remission criteria. The proportion of patients experiencing
residual pain was higher in patients who achieved only LDA. Second, a cross-sectional analysis of the Corrona registry (37) also
found that most patients in ACR/EULAR remission reported low
pain scores on the VAS (scale 0–10 cm). However, 9% had a VAS
score of 2, and 5% reported pain with a score of ≥3. Finally, a
case–control study of patients with early RA treated with methotrexate for 3 months defined remaining pain as a VAS score of >20
(scale 0–100 mm) (42). The study reported that 29% and 70%
of patients with a good or moderate EULAR response, respectively, experienced remaining pain. In the good-response group,
remaining pain was significantly associated with high baseline
HAQ score and low ESR.
Of the 3 studies (12,41,43) that used the SF-36 bodily pain
domain, mean scores ranged from 16.3, for patients with moderate or good EULAR response and who considered their health
to have improved after treat-to-target strategy aimed at achieving
fast remission (41), to 72.1 ± 19.3 for patients with stable LDA
(defined as a DAS28 score <3.2 for >6 months prior) (12).
Fatigue. Fatigue was reported in 14 studies (including 5
RCTs); 5 used a VAS, 4 used the Functional Assessment of
Chronic Illness–Fatigue (FACIT-F) subscale; 2 used the Bristol
RA Fatigue Multidimensional Questionnaire (BRAF-MDQ); and 1
study each used the SF-36 vitality domain, PROMIS-29 fatigue
T score, and an 11-point scale (results in Supplementary Table 7,
available on the Arthritis Care & Research website at http://online
library.wiley.com/doi/10.1002/acr.24369/abstract).
Of the 5 studies using a VAS (17,35,37,39,41), 3 reported the
average score, which was >1 cm (10 mm) in all 3 studies. Notably,
a study of patients at the Leiden Early Arthritis Clinic (35) showed
that patients who achieved early sustained DMARD-free remission experienced less fatigue than those who achieved remission late or had intermediate remission, with median VAS scores
of 3, 13, and 21 (scale 0–100 mm), respectively. Only 1 study
reported the proportion of patients achieving certain VAS values
(37) (Table 1). In this study, only 29% of patients who met the ACR/
EULAR remission criteria reported a fatigue score of 0 (scale 0–10
cm), while 15% reported a score of ≥3.
F (scale 0–
52) to assess
Four RCTs used the FACIT-
fatigue, with a higher score indicating less fatigue. Two
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studies reported mean ± SD FACIT-F scores, which ranged from
42.0 ± 8.7 for patients with sustained LDA (DAS28 score ≤3.2 at
week 36 and average DAS28 score ≤3.2 in weeks 12–36) in the
PRESERVE study (14) to 44.4 ± 7.3 for responders (DAS28-ESR
score ≤3.2 at week 39 and DAS28-ESR score <2.6 at week 52) in
the PRIZE study (44). The REFLEX study (45) reported that 20.6%
of responders (ACR 20% improvement criteria) did not achieve
a minimum clinically important difference of ≥3.56. The final study
(46) reported only the change from baseline in ACR and EULAR
responders.
The one study using the SF-36 vitality domain (scale 0–100)
found that few patients with a DAS28 score of <2.6 achieved
complete fatigue remission (47). Partial fatigue remission was
achieved by 83% of patients, while complete fatigue remission
was achieved by only 37.3% of patients (Table 1). Those with nonremission of fatigue had a higher proportion of steroid use, stroke,
and depression and lower scores for pain and function than the
remission group.
Other symptoms. Very few studies reported on symptoms
of anxiety, depression, sleep disturbance, or morning stiffness.
PtGA and PhGA scores, TJCs, and SJCs were generally low
when reported (see Supplementary Tables 8–10, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24369/abstract). These outcomes are often required to be low according to criteria that define LDA and
remission. However, many remission criteria still allow for a TJC,
SJC, PhGA, or PtGA score of 1.
For example, an observational study in patients with early
RA who were treated with DMARDs (23) defined residual disease activity as ≥1 swollen or tender metatarsophalangeal
joints. Residual disease activity was present in 10 of 38 patients
(26.3%) in Boolean-based remission (TJC, SJC, CRP, and PtGA
≤1), 12 of 42 patients (28.6%) in Boolean clinical practice remission (TJC, SJC, and PtGA ≤1), 22 of 61 patients (36.1%) with
an SDAI score of ≤3.3, and 25 of 63 patients (39.7%) with a
CDAI score of ≤2.8. Similarly, an analysis of patients with early
RA who were treated with anti-TNF agents (21) reported on
those with an SJC and TJC of ≥1. Fifty-one percent of patients
who met a DAS28-ESR score of <2.6, and 34.4% who were in
ACR/EULAR remission had an SJC in 28 joints of >0. Additionally, 25.2% of patients in remission defined as a DAS28-ESR
score of <2.6, and 21.5% who were in ACR/EULAR remission
had a TJC in 28 joints of >0.
Disease impact. The disease impact of illness may include
a number of factors such as quality of life, activity impairment,
and health care resource utilization. In this SLR, we found that
HRQoL and work or activity impairment were 2 aspects of disease
impact that were reported in patients who achieved treat-to-target
goals in 19 studies (8 RCTs and 11 nonrandomized studies) (see
Supplementary Table 3, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24369/
abstract). However, the nature of how
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residual symptoms affected disease impact was generally not
reported, and the considerable heterogeneity between the studies makes comparisons difficult.
Patients not achieving treatment goals. Only 5 studies
(all nonrandomized, 3 of which were abstracts) reported reasons
why patients did not achieve treatment goals (see Supplementary
Table 4, available at http://onlin
elibr
ary.wiley.com/doi/10.1002/
acr.24369/abstract). No studies were identified that reported how
patients’ symptoms contributed to disease burden.
One abstract reported (48) that patients who did not achieve
their goals were significantly older, had higher rates of disease
activity, had a greater number of TJCs, and had higher PtGA and
HAQ DI scores than those who did achieve their goals. Similarly,
an analysis of the BARFOT cohort (26) reported that female sex,
current smoker, disease activity at baseline, and nonremission
status at 6 months were predictive of persistent disease.
Three of the studies linked not achieving treatment goals
to the treatment regimens that were used. One abstract (49)
reported that, of patients with high disease activity (DAS28-ESR
score >5.1), only 64 patients (9%) were receiving bDMARDs,
a much lower proportion than the 18–20% of patients with less
active RA. This was reported to be due to failed response to
bDMARDs, unwillingness, or contraindications. Yamazaki and
Takanashi (48) found that 21 of 60 patients (35%) not achieving LDA or remission were thought to have been insufficiently
treated, and 18 of 60 (30%) were insufficiently treated for their
complications. Furthermore, 6 of 9 patients from focus groups
and interviews (50) stated that they “did not think they had
found a treatment regime that controlled their RA properly and
expressed disappointment about past drug combination which
did not lead to symptom relief.” Three participants reported that
they were wary of trying more intensive treatments due to potential side effects.

DISCUSSION
The management of RA has changed greatly over the last 2
decades. This evolution reflects a number of factors. First, earlier
intervention in the course of disease was facilitated by the formulation of the ACR/EULAR 2010 classification criteria for RA (51).
Second, researchers came to understand that best outcomes are
achieved when systemic and local inflammatory disease activity is optimally suppressed over time. This was facilitated by the
treat-to-target approach (2), which is recommended for use and
widely adopted in clinical practice in the geographic regions from
which the studies included in this SLR were undertaken. Third,
the choices for effective pharmacotherapy have expanded, with
introduction of a variety of classes of targeted biologic therapies
with differing mechanisms of action (i.e., TNF inhibitor and other
bDMARDs) and, more recently, introduction of small molecule,
orally available, JAK inhibitors. Because of these advances, the
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outlook for a contemporary patient presenting with RA is genuinely better than was the case a generation ago. The presence
and magnitude of residual symptoms may depend on the stringency of the remission or LDA measure attained as well as on
the durability of this level of response. But even when remission
criteria are met, it is not straightforward to interpret the cause
underlying any symptomatic deficit. In the case of functional disability, it may be the consequence of aging given that HAQ scores
standing disease; and furthermore,
increase with age in long-
there may be an irreversible component of the HAQ due to past
structural damage (52). Everyday clinical experience illustrates
that unmet need remains (1). It also raises the question of the
underlying pathophysiologic or other causes of residual symptomatology and how this knowledge can be best harnessed to
inform a management decision. In this SLR, we sought to better
understand the evidence regarding ongoing symptomatology and
its relationship to unresolved disease activity and to gain insight
into the nature of remaining symptoms experienced by patients
despite their attaining the recommended therapeutic target of
remission or LDA. These questions are of importance because
we have long known that many of the symptoms associated with
active RA represent generic features of inflammation, such as
pain, fatigue, and functional deficit. But it is also clear that such
symptoms have a multifactorial etiology and may be the result of
both inflammatory and noninflammatory processes. Furthermore,
with respect to inflammatory causes, it might be the case that
symptoms in any given individual respond differentially to distinct
classes of targeted therapies.
This SLR is notable for revealing a relative paucity of data
relevant to these questions. This in part reflects the challenges of
extrapolating cohort-level data to the needs of an individual. It is
also a reflection of the tendency to limit data capture to a small set of
end points in clinical trials. But perhaps most revealing, in the case
of observational studies, is the lack of standardization with respect
to the outcome measures and scales employed, therefore complicating the ability to make comparisons. Nevertheless, with respect
to the range of symptoms and/or outcomes reported in this SLR,
the best symptomatic outcomes show relationships to the attainment and maintenance of the more robust measures of remission.
These observations support the treat-to-target principle as being
an effective approach to the overall goal of patient well-being in
RA. However, it also has to be acknowledged that only a minority
of patients both attain and maintain a robust remission over the
longer term (53,54), and the question arises as to whether we can
employ patient-reported outcome measures to identify aspects of
life that matter most to the individual and then make subsequent
use of this information to inform a management choice that will
achieve an overall goal of well-being. The current treat-to-target
recommendations have limited utility in a subgroup of patients for
whom the desirable target cannot be attained despite a change
in pharmacotherapy up to every 3 months. For such patients,
it may be more appropriate to focus on personalized treatment
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goals such as a meaningful reduction in pain or fatigue or patient-
defined functional goals for activities that matter to them. This may
require a careful choice of pharmacologic intervention as well as
nonpharmacologic approaches that incorporate patient-centered
approaches. The practice of protocol-driven medicine in a treat-
to-target approach has the advantage of optimizing outcomes at
a cohort level and for the minority who attain and maintain the
target, particularly remission. This has the potential disadvantage
of treating the disease activity while ignoring the patient who has
the disease, thus making care less personalized.
The main limitation of this review arises from the multiple
sources of heterogeneity among the studies. The range of treatment goals makes comparisons difficult, as the differing requirements lead to varying levels of residual symptoms that can be
present. Additionally, outcomes from different countries may not
be comparable due to geographic differences in responses to
symptoms such as pain.
In conclusion, despite evidence to support adoption of a
treat-to-target paradigm in the routine management of RA, residual
symptoms still occur in patients achieving LDA or remission. This
SLR confirms that there is an unmet need, especially with respect
to improving pain, fatigue, and function where possible, even when
a target of LDA or remission has been met. Standardized reporting
in future observational studies and use of measures that inform
on the interference of these symptoms in the daily lives of patients
would facilitate better understanding of this issue in defined RA
populations. From a pragmatic perspective, these findings suggest
that setting personalized goals for the individual in addition to the
practice of treat-to-target may inform individualized management
as part of holistic care.
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Objective. To comprehensively synthesize the evolution of health-economic evaluation models (HEEMs) of all
osteoarthritis (OA) interventions, including preventions, core treatments, adjunct nonpharmacologic interventions,
pharmacologic interventions, and surgical treatments.
Methods. The literature was searched within health-economic/biomedical databases. Data extracted included
OA type, population characteristics, model setting/type/events, study perspective, and comparators; the reporting
quality of the studies was also assessed. The review protocol was registered at the International Prospective Register
of Systematic Reviews (CRD42018092937).
Results. Eighty-eight studies were included. Pharmacologic and surgical interventions were the focus in 51%
and 44% of studies, respectively. Twenty-four studies adopted a societal perspective (with increasing popularity
after 2013), but most (63%) did not include indirect costs. Quality-adjusted life years was the most popular outcome
measure since 2008. Markov models were used by 62% of studies, with increasing popularity since 2008. Until 2010,
most studies used short-to-medium time horizons; subsequently, a lifetime horizon became popular. A total of 86%
of studies reported discount rates (predominantly between 3% and 5%). Studies published after 2002 had a better
coverage of OA-related adverse events (AEs). Reporting quality significantly improved after 2001.
Conclusion. OA HEEMs have evolved and improved substantially over time, with the focus shifting from short-to-
medium-term pharmacologic decision-tree models to surgical-focused lifetime Markov models. Indirect costs of OA
are frequently not considered, despite using a societal perspective. There was a lack of reporting sensitivity of model
outcome to input parameters, including discount rate, OA definition, and population parameters. While the coverage
of OA-related AEs has improved over time, it is still not comprehensive.
INTRODUCTION
Approximately 240 million people globally were affected by
osteoarthritis (OA) in 2016 (1) and its prevalance is projected to
rise steadily (1–3). OA is characterized by joint pain, stiffness,
swelling, loss of function, and disability, which in turn negatively
impacts individuals’ health-related quality of life (4) and poses a
significant economic burden to patients and society in terms of
both direct (health care) and indirect costs (from lost productivity
[early retirement/absenteeism/presenteeism]) (5–10).
While there is no cure for OA, there are treatments available to
ease OA symptoms and postpone disability progression. According to recent OA management guidelines (11), treatments include
lifestyle (e.g., exercise, weight management), nonmedical (e.g.,

heat packs, manual therapy), medical, and surgical interventions.
In chronic diseases like OA, health care policy decisions should
be informed by evidence of the long-term health and economic
impacts. Given the scarcity of health care resources, choosing
the most cost-effective interventions is critically important.
Health-
economic evaluations (HEEs) compare alternative
treatment options in terms of both economic costs and clinical effectiveness to identify the interventions that are the best
value for money. The models used for these incorporate clinical, health-economic, and epidemiologic data. HEEs include full
benefit, cost-
effectiveness, and cost-
utility analysis)
(e.g., cost-
and partial (e.g., cost of illness analysis) evaluations (see Supplementary Appendix A, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24410/
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SIGNIFICANCE & INNOVATIONS
• This is the first study to comprehensively review the
evolution of health-economic evaluation models of
all osteoarthritis (OA) interventions, including preventions, core treatments, adjunct nonpharmacologic interventions, pharmacologic interventions,
and surgical treatments.
• The study identifies the key strengths and limitations facing existing OA health-economic evaluation
models and provides directions for improvement in
the current modeling practice.
• Modeled OA health-economic evaluations have
evolved substantially over time, with the focus
shifting from short-to-medium-term pharmacologic decision-tree models to surgical-focused lifetime
Markov models.
• Indirect costs are mostly not considered in the OA
health-economic evaluation models, even when the
study is conducted from a societal perspective. The
coverage of OA-related adverse events is not comprehensive.

abstract) (12). Since the first model-based HEE of OA treatments
was performed in 1994, numerous modeling studies have been
conducted, particularly in Western developed nations (13–
15).
OA models vary in their methodologic framework, model structures, division of model events, and input data sources (16–19).
The availability of better quality clinical and epidemiologic data
and methodologic advances have contributed to the evolution
of modeled HEEs over time (16,17,20).
The scope of previous systematic reviews of OA health-
economic evidence was often limited to a specific treatment type
(e.g., surgical, pharmacologic, physical) (21–23). None have synthesized the evolution of HEE models (HEEMs) of all OA interventions. Because the comprehensive investigation of the diverse
HEEMs could lead to significant improvements in modeling practice (24,25), we aimed to explore the evolution of HEEMs used for
all forms of OA interventions, with an emphasis on their strengths
and weaknesses and study gaps to inform the future development of an improved and overarching HEEM of OA.

MATERIALS AND METHODS
This study is reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses
guidelines (26). The protocol was registered at the International
Prospective Register of Systematic Reviews (CRD42018092937).
Literature search. Three biomedical (Medline via OvidSP,
Embase via Ovid, and China National Knowledge Infrastructure)
and 3 health-economic/economic databases (American Economic
Association, the Centre for Reviews and Dissemination, and the
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Cost-effectiveness Analysis Registry) were searched according to
a search strategy that was defined in consultation with coauthors
and a research librarian (see Supplementary Appendix B, avail
able on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24410/
abstract). The literature was
searched from each database’s inception to July 2018. Reference
lists of included studies and relevant reviews were hand searched.
Screening criteria. Title/abstract screening and full-text
screening were performed in Covidence (27) by 2 reviewers
(TZ and QX) independently, based on predefined inclusion and
exclusion criteria. Screening conflicts between the 2 reviewers
were resolved through discussion with senior researchers (HA,
BdG, and AJP). The inclusion criteria were studies: 1) in humans,
2) that reported the construction/application/validation of partial or full OA HEEM, 3) that were available as full-text, and 4)
that were published in English/Chinese/German. Studies were
included if they focused on arthritis populations including OA if
they did not report the proportion of OA participants or if they
reported on a cohort with ≥90% OA. Review articles, conference
abstracts, comments, and books were excluded (see Supplementary Appendix C, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24410/
abstract).
Data extraction. A Microsoft Excel spreadsheet designed
by coauthors was used to extract data by 2 reviewers (TZ and HA)
independently. Discrepancies were resolved by consensus, and an
additional reviewer (AJP) was consulted in cases of no consensus.
Data extracted included authors, publication year, study setting,
OA type, targeted interventions and comparators, and information
related to HEEMs (simulated population characteristics, study perspective, time horizon, discount rate, clinical effectiveness mea
sures, cost inputs, model type, modeling software, health states,
health events, and sensitivity analysis type) (see Supplementary
Appendix D, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24410/abstract).
Assessment of reporting quality. We assessed each
study’s reporting quality using the 24-item Consolidated Health
Economic Evaluation Reporting Standards (CHEERS) checklist
(28). We also adapted the evaluation methods published by de
Graaff et al (29). Twenty-four items were equally weighted, with
“1” referring to the item being well performed and “0” otherwise.
Because not all items were applicable to all studies (e.g., for a cost
of illness analysis, “effectiveness” was not applicable), the quality scores were converted to percentages, adjusting the denominator to reflect the different number of applicable items. Studies
were categorized into low (≤50%), moderate (51–75%), and high
(>75%) reporting quality groups (29). We adopted a narrative,
descriptive synthesis approach (30) to assess and outline the evolution of HEEMs of OA interventions over time.
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References identified through
economic database searching
(n = 185)

References identified through
biomedical database searching
(n = 1,498)

References imported for
screening (n = 1,683)

424 duplicates
removed

References for title and abstract
screening (n = 1,259)

1,080 excluded
96 excluded:
51 conference abstracts
20 against language criteria
13 not model based
9 reviews and books
3 less than 90% OA patients

Full-text references assessed
(n = 179)
Studies included from
database search (n = 83)

Studies identified through
hand searching (n = 5)
Studies included (n = 88)
Figure 1. Flow chart results of study search based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses methodology.
OA = osteoarthritis.

RESULTS

We identified an additional 5 studies through hand-searching,
resulting in a total of 88 included studies (see Supplementary
Appendix E, available on the Arthritis Care & Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24410/
abstract). The first model-based HEE of OA treatment was
published in 1994 (31), and more than half of the studies (51%, n = 45) were published between 2013 and 2018
(Figure 2A).

Screening results and year of publication. As
shown in Figure 1, our search identified 1,683 potential references (1,498 from biomedical and 185 from economic databases). After removal of duplicates (n = 424), 1,259 were left
for title and abstract screening, which excluded 1,080. Of the
179 left, 96 were excluded during full-text screening (Figure 1).
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Study settings. Almost half of the studies (49%, n = 43)
were conducted in the Americas, followed by Europe (36%, n = 32)
(Figure 2B). Most studies were performed in the US (40%, n = 35),
followed by the UK (18%, n = 16) and Canada (7%, n = 6). Only 2
studies were conducted in Australia and/or New Zealand. Seven
did not report the study location. Studies from Australia, New Zealand, Saudi Arabia, and China were published only after 2011.
OA types and intervention options. A total of 37 studies
(42%) focused on knee OA and 13 (15%) on hip OA. One study
each focused on ankle arthritis and glenohumeral OA. Thirty-six
studies (41%) did not specify OA type, most of which targeted
nonsurgical treatments. Most studies focusing on a specific type
of OA evaluated surgical treatments. A total of 75% of publications
(48 of 64) after 2005 focused on a specific type of OA, compared
to only 17% of such studies (4 of 24) before 2005 (Figure 3A).
Of the 88 studies, 45 (51%) focused on pharmacologic
interventions and 39 (44%) focused on surgical interventions
(Figure 3A, and see Supplementary Appendix F, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24410/abstract for the full list of interventions by
OA type, intervention categorization, frequency, and references).
Four of 88 included studies assessing OA preventions (32–35),
all of which were performed after 2014. Before 2005, all but 2
(16,36) compared alternative pharmacologic treatments, particularly cyclooxygenase 2 (COX-2) inhibitors selective nonsteroidal antiinflammatory drugs (NSAIDs) with nonselective NSAIDs.
Studies focusing on OA surgical treatments became popular
thereafter.
Targeted populations. The target population was generally patients age ≥40 years. Three studies specifically focused on
older patients, with mean ages of 74, 78, and ≥80 years (37–39).
Of 45 pharmacologic-focused studies, 17 analyzed 2 patient subgroups separately: low-risk patients (younger and without a prior

A

history of upper gastrointestinal [GI]) events) and high-risk patients
(older and with upper GI history).
Study perspectives and reporting of costs. Study perspectives were reported in 79 studies (90%). Of these, 38 (48%)
adopted a national health care perspective and 24 (30%) a societal perspective, but 15 of these 24 studies (63%) did not consider indirect costs. Eleven studies adopted a third-party payer
perspective, and single studies used patient and veteran health
administration perspectives. In addition, 4 studies considered >1
perspective, all of which were published after 2013 (Figure 3B).
focused studies, direct medical costs
For pharmacologic-
generally comprised drug acquisition and adverse event (AE)
treatment costs, while for surgical-focused studies, direct costs
were from primary/revision surgery. Indirect costs included productivity losses (n = 6), time lost from work (n = 2), lost wages
(n = 3), and caregivers’ expenses (n = 1).
Effectiveness measurements. A total of 89% of studies (78 of 88) reported the measurement of effectiveness, most
commonly quality-adjusted life years (QALYs; n = 62), followed
specific effectiveby multiple measures (n = 7), and disease-
ness measures (n = 6) (e.g., AEs/complications averted, revision-
free life years) (Figure 4A). The use of QALYs almost doubled, from
48% of studies published before 2008 to 93% for those published
after 2008 (Figure 4B).
Model types and computational software. Model
type was reported in 87 studies (99%). There were 3 key types:
tree models
1) Markov models (n = 54, 62%), 2) decision-
(n = 30, 34%), and 3) discrete-event simulation models (n = 3,
3%) (Figure 5A). Markov models predominantly focused on surgical treatments, while pharmacologic treatments were evaluated in 87% of decision-tree models (Figure 5B). The popularity
of Markov models increased over time from 7% (before 2008)
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Figure 4. A, The effectiveness measures adopted in the included studies; B, Distribution by published time (n = 78). DALYs = disability-
adjusted life years; Multi = multiple measurements; NA = not applicable; QALYs = quality-adjusted life years.

to 88% (after 2008) (Figure 5B). There were 4 commonly used
OA model structures: 1) OA policy model (a Markov model to
simulate the natural history of knee OA and predominantly used
in the US) (19,35,38,40–42), 2) the National Institute for Health
and Care Excellence (NICE) model (a Markov model originally
developed to compare NSAID/COX-2 inhibitor oral analgesics
and subsequently extended to incorporate dose titration, discontinuation, and AEs in addition to GI and cardiovascular [CV]
AEs) (14,18,20,43–46), 3) a model developed by Fitzpatrick (a
Markov model aimed at evaluating hip OA surgical treatments)
(47–51), and 4) a decision-tree model developed by Burke to
compare NSAID/COX-
2 inhibitor oral analgesics (52–
55) (see
Supplementary Appendix G, available on the Arthritis Care &
Research website at http://onlin
elibrary.wiley.com/doi/10.1002/
acr.24410/abstract).
The adopted modeling software was mentioned in 57% of
studies (n = 49), with TreeAge being the most common (n = 38),
followed by Microsoft Excel (n = 8), and Arena (n = 1). Two studies
used >1 type of software, and no clear time trend was observed in
the choice of software (see Supplementary Appendix D, available
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24410/abstract).

Discount rates for costs and outcomes. Seventy-six
studies (86%) reported the discount rate, which was most commonly 3% (n = 39, 51%) for costs and outcomes (Figure 6B). Ten
studies (13%) and 6 studies (8%) used 3.5% and 5% discount
rates, respectively. Thirty (of 39) studies using a 3% discount
rate were based in the US, and 9 (of 10) studies using a 3.5%
discount rate were based in the UK. Seven used alternative
discount rates for costs and outcomes. Twelve studies did not
report the use of a discount rate, with 11 of these published
before 2010 (Figure 6C). The impact of varying discount rates
on model outcomes was assessed by 15 of 88 included studies
(17%).
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Time horizon. Forty-eight studies (55%) ran the model
over a lifetime horizon, while 39 (45%) used short-to-medium-
term horizons (from 2 weeks to 30 years). Markov model-
based evaluations mostly adopted lifetime horizons (78%),
while decision-
tree evaluations largely used a predefined
short-
to-
medium-
term horizon (83%) (Figure 5C). The lifetime modeling horizon became more prevalent after 2010
(Figure 6A).
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Model health states. Pharmacologic-
focused studies
defined health states based on: 1) the occurrence of AEs/complications (43), 2) OA severity, the presence of joint pain, obesity, and
comorbidities (41), and 3) the Kellgren/Lawrence radiographic scale
of OA (56). For surgical-focused studies, health states were defined
based on: 1) the American College of Rheumatology functional
status classification (47), 2) the event pathway following surgical
treatment (57), 3) pain severity, postoperative complications, and
subsequent surgical procedures (58), and 4) the Western Ontario
and McMaster Universities Osteoarthritis Index scores (13). All
surgical-focused studies considered revision surgery, and 23 considered 2 or more surgical revisions. Nine studies also considered
surgery-related complications (e.g., infection, bleeding, dislocation).
For pharmacologic-focused studies, the most important model
ing event was medical AEs/regimen toxicity. Studies conducted
before 2002 only included GI AEs, while studies after 2002 also
considered CV AEs and renal toxicity. Twenty studies included CV
AEs, and 11 considered discontinuation (mostly published after
2013). Only 3 studies considered treatment adherence (55,59,60).
Uncertainty analysis. Uncertainty analysis was reported
in 86 studies (98%), with most (n = 47) conducting >1 type of
sensitivity analysis. The adopted methods included: 1) deterministic (univariate and/or multivariate) sensitivity analysis (n = 68), 2)
probability sensitivity analysis (PSA) (n = 43), 3) threshold analysis (n = 4), and 4) scenario analysis (n = 2). Five studies did not
report the type of sensitivity analysis. While deterministic sensitivity
analysis was popular across the reporting periods, PSA was first
adopted in 2001 and became increasingly common thereafter.
The most commonly evaluated parameters included costs, health
state utilities (HSUs), probabilities of AEs, and treatment efficacy.
Reporting quality assessment. The reporting quality of
all studies was assessed, with the exception of 1 study for which
this was not applicable (61). The mean ± SD score of all studies
was 81% ± 9%. The reporting quality improved after 2001 and
remained relatively high thereafter (see Supplementary Table 1,

available on the Arthritis Care & Research website at http://online
library.wiley.com/doi/10.1002/acr.24410/abstract). Overall, 64
of 87 studies exhibited a high reporting quality (>75%) (see
Supplementary Figure 1, available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24410/abstract). While no study fully met
CHEERS criteria, 3 achieved the highest reporting quality score
of 96%. The CHEERS criteria were mostly met for the items
of introduction, comparators, time horizon, resources and cost
estimation, and uncertainty characterization. However, the title
(in terms of describing the interventions compared), abstract
(in terms of the study perspective, setting, study inputs, and
uncertainty analyses), and effectiveness measurement were
commonly underreported.

DISCUSSION
This is the first study comprehensively reviewing the evolution of HEEMs for all forms of OA. Our review found that OA-
modeled evaluations are of a wide variety and have evolved
substantially over time, with their emphasis and complexity shifting from pharmacologic-focused short-to-medium term decision-
tree models to surgical-focused lifetime Markov models. Existing
HEEMs have limitations related to the choice of model input
parameters, discount rates, and model health states/events. For
instance, indirect costs related to OA were mostly not considered. Discount rates were mostly consistent with local guidelines,
but most studies failed to gauge the sensitivity of the model outcomes to discount rate changes. Most studies failed to consider
important model events (e.g., CV AEs), therapeutic adherence,
and treatment discontinuation. Despite clear guidelines (11), studies failed to pay adequate attention to lifestyle management, nondrug treatments, and preventions. The reporting quality of included
studies was reasonably satisfactory, but the title, abstract, and
effectiveness measures were mostly reported inadequately.
Cost categories considered in OA models should be consis
tent with the perspective (62). In this review, however, more than
half (15 of 24) of the studies using a societal perspective failed
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to incorporate indirect costs, and of the 14 studies focused on
patients of working age (<65 years), only 6 considered productivity
losses. Similarly, when modeling is for older populations (37–39),
special consideration should be given to include the potentially
large contribution of informal care costs (63), but only 1 study in
this review included this consideration. Given the increasing popularity of the societal perspective in recent years, we recommend
that future studies include all relevant costs, particularly the indirect costs from lost wages/productivity (64).
The focus of modeled evaluations of OA interventions
changed over time. Prior to 2005, studies focused on pharmacologic treatments; subsequently, the focus shifted to surgical
treatments. Our finding is consistent with the increasing popularity
of surgical treatment for OA since 2000 (65), but the availability
of relevant longitudinal data from national joint replacement registries may also have contributed to this rise (66). Most pharmacologic studies focused on all types of OA combined and/or general
arthritis patients, because there is no evidence of different treatment effects of drugs between OA types (43). In contrast, most
studies of surgery focused on a specific type of OA (e.g., knee
and/or hip OA). Other (e.g., ankle and glenohumeral) joints
attracted limited attention, as might be expected due to the relatively low prevalence of OA at those joint sites (67,68). Because
the studies focusing on ankle and glenohumeral joints were published before 2010, updated studies of these joint sites should be
on the agenda for future research.
A limited number of HEEMs focused on lifestyle, nondrug
treatments, and preventions. This limitation is despite guidelines
(11,69) recommending such interventions before pharmacologic
and surgical treatments. Because OA is a preventable, incurable,
and progressive condition, it is critical that future studies investigate the impact of prevention and nondrug and nonsurgical treatments on clinical and health-economic outcomes.
The most commonly used effectiveness measure was QALYs,
with the proportion of studies reporting this measure increasing
from 48% before 2008 to 93% thereafter. This finding is in accordance with national and international guidelines that recommend
the use of QALYs (70). Importantly, the calculation of QALYs relies
on HSUs that can be obtained from a variety of sources, such
as primary studies (37), systematic reviews (47), or randomized
controlled trials (71). Because different populations may value
health states differently, caution is required when using nonlocally
derived HSUs (37,72). While disease-specific effectiveness mea
sures (e.g., revision-free life years) provide information in more clinically relevant terms, these measures are not preference-based
and also have other limitations, including the lack of comparability
and difficulty in trading off across different diseases (73). Thus,
the transition to use of QALYs reflects best practice, and use of
QALYs based on local HSUs is recommended in future studies.
More than half of studies applied a lifetime horizon; however, this practice only became popular after 2010. This change
could be related to 2 factors: first, Markov models became more
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popular in recent years, which tend to adopt lifetime horizons due
to their ability to take into account the re-occurrence of model
events (74), and second, CV AEs of pharmacologic treatments
were taken into account in recent years, which, compared with
GI AEs, have a larger impact on mortality (60). Because OA is
a chronic condition with ongoing medical management, we recommend the use of lifetime horizons in future studies, especially
when using a Markov model structure (75) and in situations where
an intervention is expected to influence mortality rates (76).
Discount rates varied between study settings. The use of
3% and 3.5% discount rates in most US-and UK-based studies
aligned well with the local guidelines (77,78). However, 64% of
studies (9 of 14) conducted in other nations did not use discount
rates from national guidelines (15,47,60,79). Reporting of the discount rate has improved over time, which is as expected from
the recent introduction of the CHEERS statement for the development and appraisal of health economic evaluations (28). A significant majority of included studies (83%) did not conduct sensitivity
analyses for discount rates, which contrasts with recommendations (80). Future studies should choose a discount rate that is in
line with local guidelines and assess the sensitivity of the model
outcomes to discount rate changes.
The choice of model events varied between studies and over
time. Pharmacologic-focused models evolved in their complexity
by incorporating more AEs (such as CV AEs) and regimen discontinuation. However, the models of surgical treatments (with revision surgery being the most important model event) did not evolve
to the same extent. Differences existed between studies in terms
of the number of considered revisions. Considering the 10-year
cumulative re-revision rates of primary total knee (22.8%) and hip
replacement (21.5%) and the factors influencing these rates (81),
the times of revision surgery should be decided based on the age
of the target population and the surgery techniques of interest.
The high rates of OA medical AEs and the possibility of revision
surgery impose significant additional costs (40), likely impacting
the outcomes of cost-effectiveness analyses (22). Future HEEMs
should therefore incorporate all relevant OA and treatment-related
events and complications/revisions.
The choice of modeling method varied between studies and
over time, with Markov models becoming more popular after
2008. This finding is consistent with numerous decision analytic modeling guidelines (74,76,82) and suits the chronic nature
of OA, with the possibility of recurrent health events (75). Consistent with previous findings (83,84), TreeAge was the single most
popular modeling software, followed by Microsoft Excel at all
periods. Both types of software have been found equally reliable
in conducting HEEs, and the choice of software can depend on
software availability, implementation skills, time constraints, and
end-user requirements (83,84).
We identified 4 popular OA HEEM structures, each with their
own strengths and limitations. The original form of the NICE model
included GI and CV AEs; however, treatment discontinuation and
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adherence were not included. The NICE model was extended
in 2 studies by incorporating dose titration, discontinuation, and
additional AEs (44,46), but data on discontinuation are not easily
available. The OA policy model accounts for the interrelationships
among key variables such as the function of pain, obesity, and
comorbidities. However, the inherent dependence of this model on
scarce data for key variables limits its widespread use. The model
developed by Fitzpatrick can be easily adapted to suit alternative settings and study objectives. However, the model is considered too simple to fully evaluate the various outcomes between
alternative surgeries (37,85). Last, the model developed by Burke
considered the severity of GI AEs and can easily be adapted to
different settings (53,54). Nevertheless, it fails to consider other
events such as CV AEs, discontinuation, and its time horizon of <1
year is not well suited to the chronic nature of OA.
PSA showed increasing popularity after 2001, which could
be the result of an increasing awareness of the importance of
PSA in health economics over time (86) and advances in computational technologies. Limited studies evaluated the sensitivity of model outcomes to important input parameters, including
OA definitions and population parameters. We recommend
considering these relatively neglected aspects in future modeling studies. We recommend the use of Markov models due to
their ability to incorporate repetitive (short-and long-term) health
events, including important medical AEs, therapeutic adherence,
and discontinuation. Importantly, the probabilities of medical AEs
and time to events (e.g., decision for joint replacement, revision
surgery) depend on the history of previous states, but no study
in our review considered this important dimension. We therefore
recommend that future studies integrate memory into their models to avoid problems associated with the Markov assumption
of lack of memory. Future HEEMs should also benefit from the
recent availability of magnetic resonance imaging (MRI)–based
data on OA definitions, progression and MRI-based markers (19),
and advances in new data science (that have enabled the use
based patient-
specific prediction models)
of machine learning–
(87).
This review found that the reporting quality of studies has
improved and has been reasonably satisfactory over time. Nonetheless, further improvements could be made, particularly in relation to the quality of title, abstract, and effectiveness measures.
Because poor reporting may lead to costly decisions, future studies should ensure high transparency and reporting quality in all
areas.
The strengths of our review include its comprehensive
nature and the incorporation of assessment of reporting quality. The inclusion of all OA therapies builds on 2 existing systematic reviews of OA oral therapies and surgical interventions
(21,22). Furthermore, our review summarized the development
of OA models in terms of various model characteristics, which
will help to evaluate the existing OA HEEMs and guide the development of a comprehensive gold standard HEEM of OA. Last,
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our assessment of reporting quality should be of interest to future
researchers in improving the reporting quality of their health-
economic modeling studies. A limitation is that our study did not
cover studies published in languages other than English, Chinese
and German. However, this limitation may have a minimal impact
on our key conclusions, because only a small number of studies
(n = 20) were subject to language exclusions. A further limitation
is that because we only had a small number of studies comparing OA preventive interventions, the review is predominantly
focused on OA treatments. Future studies will need to consider the synthesis of OA prevention models as more evidence
becomes available.
OA HEEMs are of a wide variety and have evolved substantially
over time. Furthermore, the number of modeled OA evaluations
have rapidly increased in recent years. The focus of OA HEEMs
has shifted from short-to-medium-term pharmacologic-focused
decision-tree models to surgical-focused lifetime Markov models.
We recommend that future HEEMs use life-time Markov model
structures with memory integration and should also incorporate all
relevant costs, model events, therapeutic adherence, discontinuation, appropriate discount rate, and time horizon, and conduct
sensitivity analyses for input parameters. Finally, we recommend
improvements in relation to the reporting quality of title, abstract,
and effectiveness measurement.
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Two-Year Changes in Magnetic Resonance Imaging
Features and Pain in Thumb Base Osteoarthritis
Sjoerd van Beest,
Herman M. Kroon, Monique Reijnierse, Frits R. Rosendaal, Margreet Kloppenburg,
and Féline P. B. Kroon
Objective. To investigate the two-year course of pain and osteoarthritic features on magnetic resonance imaging
(MRI) in the thumb base.
Methods. Patients in the Hand Osteoarthritis in Secondary Care (HOSTAS) cohort who had received radiographic
examination, MRI, and clinical examination of the right thumb base at baseline and who had a 2-year follow-up
period were studied. Pain on palpation of the thumb base was assessed on a 0–3 scale. MRIs were analyzed with the
Outcome Measures in Rheumatology (OMERACT) thumb base osteoarthritis MRI scoring system for synovitis, bone
marrow lesions (BMLs), subchondral bone defects, cartilage space loss, osteophytes, and subluxation. Radiographs
were assessed for osteophytes and joint space narrowing. We studied the associations of changes in synovitis
and BMLs with changes in pain using a logistic regression model adjusted for radiographic damage, with values
expressed as odds ratios (ORs) and 95% confidence intervals (95% CIs).
Results. Of 165 patients, 83% were women and the mean age was 60.7 years. At baseline, 65 patients had
thumb base pain. At 2-year follow-up, pain had decreased in 32 patients and increased in 33 patients. MRI features
remained stable in most patients. Structural MRI features generally deteriorated, while synovitis and BMLs improved
in some individuals and deteriorated in others. Change in radiographic osteophytes rarely occurred (n = 10). Increased
synovitis (odds ratio [OR] 3.4 [95% CI 1.3–9.3]) and increased BMLs (OR 5.1 [95% CI 2.1–12.6]) were associated with
increased pain. Decreased BMLs appeared to be associated with decreased pain (OR 2.7 [95% CI 0.8–8.9]), and
reductions in synovitis occurred too infrequently to calculate associations.
Conclusion. Over 2 years, thumb base pain fluctuated, while MRI features changed in a minority of patients with
hand osteoarthritis. Changes in synovitis and BMLs were associated with changes in pain on palpation, even after
adjustment for radiographic damage.
INTRODUCTION
Hand osteoarthritis (OA) is a polyarticular disease, affecting
the interphalangeal joints and the thumb base, a joint complex that
includes the first carpometacarpal (CMC1) and scaphotrapeziotrapezoid (STT) joints. The thumb base has certain unique qualities, such as a high range of motion and the capability to bear high
loads, which sets it apart from other hand joints (1–3). Thumb base
OA is associated with different clinical and imaging outcomes than
interphalangeal OA, and was therefore considered to be a separate hand OA subset (2–4). Most research in hand OA has focused
on the hand as a whole or the interphalangeal joints specifically,

and the 1990 American College of Rheumatology (ACR) classification criteria for OA of the hand (5) do not distinguish between interphalangeal OA and thumb base OA. Therefore, our knowledge of
this hand OA subset and its natural course is limited.
Alongside structural joint damage, which is a hallmark of the
disease, inflammatory features visible on magnetic resonance
imaging (MRI), including synovitis and bone marrow lesions
(BMLs), are often present in interphalangeal and thumb base OA
(6–8). Cross-sectional studies have shown that in interphalangeal
joints, synovitis and BMLs are associated with pain on palpation,
and more strongly so than structural damage (6,7). Yet, in a study
investigating these aspects in thumb base OA, the opposite was
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SIGNIFICANCE & INNOVATIONS
• In thumb base osteoarthritis (OA), the majority of
patients have unchanged pain on palpation and
unchanged magnetic resonance imaging (MRI) features after a 2-year follow-up.
• In patients who had changes on MRI during the
follow-up period, structural osteoarthritic MRI features generally deteriorated, while synovitis and
bone marrow lesions fluctuated.
• Change in MRI inflammation is associated with
change in pain on palpation in thumb base OA.

seen—while synovitis and BMLs were associated with pain, structural damage was found to be the most important determinant of
pain (8).
Longitudinal imaging studies of interphalangeal OA have
shown that a change in MRI inflammation was also associated
with a change in pain levels (9,10). In thumb base OA, however, no
longitudinal imaging studies have been performed thus far. Hence,
the natural course of osteoarthritic MRI features is unknown, as is
the relation between changes in these features and clinical outcomes. Therefore, our aim was to investigate the two-year course
of pain on palpation and MRI features in thumb base OA and their
association with one another.

PATIENTS AND METHODS
Study design. We used longitudinal data from the Hand
Osteoarthritis in Secondary Care (HOSTAS) study, an ongoing
observational cohort of consecutive patients from our outpatient
clinic who were included after being diagnosed with primary hand
OA by their treating rheumatologist. Patients with secondary hand
OA or with hand symptoms due to another cause were excluded.
More details on patient recruitment and selection have been published elsewhere (11).
Participants with baseline and two-
year follow-
up data
available were included in this analysis (Supplementary Figure 1,
available on the Arthritis Care & Research website at http://online
library.wiley.com/doi/10.1002/acr.24355/abstract). This study was
performed in accordance with the Declaration of Helsinki and was
approved by the Medical Ethics Committee at Leiden University
Medical Center. Written informed consent was obtained from all
participants.
Demographic characteristics and clinical assessment.
Demographic and clinical characteristics were collected with
standardized questionnaires, including self-reported thumb base
pain and stiffness during the last month (absent/present), the
Australian/Canadian Osteoarthritis Hand Index (AUSCAN) (12),
and self-reported hand pain on a visual analog scale (VAS; range
0–100 millimeters). Trained research nurses examined the thumb
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base for pain upon palpation on a semiquantitative scale of 0–3
(13) and bony swelling (absent/present).
MRI acquisition and scoring. MRIs of the right CMC1 and
STT joints were obtained at baseline and at two-year follow-up
visits using an MSK Extreme 1.5T extremity MR imaging scanner
(GE). The following sequences were acquired: coronal T1-weighted
(T1) fast spin-echo (FSE) images with a repetition time (TR) of
575 msec and echo time (TE) of ≤11 msec, axial T1-weighted
FSE images with a TR of 575 msec and a TE of ≤10.5 msec,
coronal T2-weighted FSE images with frequency selective fat saturation and a TR of 3,000 msec and TE of 61.8 msec, and axial
T2-weighted FSE fat saturation images with a TR of 3,000 msec
and a TE of 60 msec. Eighteen coronal slices of 2-mm thickness
with a slice gap of 0.2 mm and 20 axial slices of 3 mm-thickness
with a slice gap of 0.3 mm were obtained. No intravenous contrast
was administered.
Images were scored pairwise in chronological order by two
readers (SvB and FPBK), who scored images independently while
blinded in regard to clinical and radiographic data using the Outcome
Measures in Rheumatology (OMERACT) thumb base osteoarthritis
MRI scoring system (TOMS) (14–16). Synovitis, BMLs, subchondral bone defects (SBDs), cartilage space loss, and osteophytes
were scored on a 0–3 scale for the CMC1 and STT joints, and
CMC1 joint subluxation was scored dichotomously. Osteophytes,
SBDs, and BMLs were scored for distal and proximal joint parts
separately, adding up to a sum score of 6 (CMC1 joint) and 9 (STT
joint). For changes in synovitis, half-point increments were used to
indicate within-grade changes in SBDs and BMLs. Interrater reliability was moderate/good for all baseline features (mixed model,
exact agreement, average measure intraclass correlation coefficients [ICCs] of 0.59–0.92 for a CMC1 joint subluxation prevalence-
adjusted, bias-adjusted kappa [PABAK] of 0.77 [17]) and change
scores (mixed model, exact agreement, average measure ICCs of
0.53–0.81 for a CMC1 joint subluxation PABAK of 0.88).
Radiograph acquisition and scoring. Posteroanterior
hand radiographs were obtained at baseline and two-year follow-up. Images were scored in a paired chronological order by two
readers (SvB and HMK) who scored in consensus while blinded
in regard to clinical and MRI data. Osteophytes and joint space
narrowing (JSN) in CMC1 (0–3 scale) and STT (absent/present)
joints, and erosions and cysts in CMC1 joint (absent/present) were
scored according to the Osteoarthritis Research Society International (OARSI) atlas (18). Intraobserver reliability based on a subset
of 20 randomly selected patients was excellent (PABAK values of
0.8‒0.9 for baseline and 0.9‒1.0 for change scores).
Statistical analysis. A previous cross-sectional analysis of
the associations between inflammatory MRI features, pain, and
radiographic damage using baseline data of this cohort was performed as the starting point for the current study (8). To ascertain
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that those findings also applied to the present study, which concerns a selection of the study population with follow-up data
available in which different readers scored the radiographs (Supplementary Figure 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24355/
abstract), we first repeated the cross-sectional analyses of associations between baseline synovitis, BMLs, and radiographic
osteophytes (determinants) and presence of pain on palpation
(outcome), adjusted for sex and body mass index. Next, using
the difference between the change scores of the two indepen
dent readers, we determined√the smallest
detectable change
√
as ± 1.96 × SDΔ(CHANGE-SCORES)/( 2 × k) with k = 2 (19) to use
as a threshold for increases and decreases in MRI scores. All
reported and analyzed MRI scores are based on the average of
both readers. Since pain was assessed for the thumb base as a
whole, change scores of the CMC1 and STT joints were combined, comparing no change in both joints (i.e., “stable”) with an
increase or decrease in at least one joint. A thumb base was also
classified as “stable” when changes in one joint increased while
changes in the other decreased. Radiographic baseline scores
of the CMC1 and STT joints were combined and dichotomized
similarly (absent in CMC1 and STT joints versus present in CMC1
or STT joints).
Using a logistic regression model, we then investigated
the associations between imaging features (determinants) and
change in pain on palpation (outcome), expressed as odds
ratios (ORs) with 95% confidence intervals (95% CIs). First, we
assessed whether baseline imaging features (synovitis, BMLs, or
radiographic damage) were associated with increase in pain on
palpation (excluding thumb bases with maximum pain at baseline) or decrease in pain on palpation (excluding thumb bases
without pain at baseline) over two years (Supplementary Figure 2,
available on the Arthritis Care & Research website at http://online
library.wiley.com/doi/10.1002/acr.24355/abstract). Second, we
assessed whether a 2-year increase in the imaging features (synovitis, BMLs, or radiographic damage) was associated with an
increase in pain on palpation. For this, we excluded thumb bases
with maximum score in the imaging feature or maximum pain at
baseline (Supplementary Figure 2). Thumb bases with stable or
decreased imaging features served as the reference category.
Third, we examined a “reversed” situation for the MRI features,
excluding thumb bases without synovitis or BMLs and without
pain at baseline (Supplementary Figure 2). Thumb bases with stable or increased MRI features served as the reference category.
All analyses were done in univariable and multivariable models,
adjusted for other imaging features. Selection of covariates was
based on proven or hypothesized associations with both the
exposure and the outcome, which were then verified in our data
set.
To explore possible interaction between structural damage
and MRI features in relation to the course of pain, we also performed analyses assessing the association of increase in synovitis
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or BMLs with increased pain stratified for the presence or absence
of baseline radiographic osteophytes. The attributable proportion
was estimated, which reflects the proportion of the OR for the
group who was exposed twice that was attributable to interaction
(20,21). Since baseline radiographic osteophyte scores may not
fully account for the structural damage in a joint, we performed
two sets of sensitivity analyses in which we 1) replaced the osteo
phytes scores with JSN scores and 2) added JSN scores as an
additional covariate to the models.
Data were analyzed using SPSS for Windows, version 23.0.
Area Proportional Euler diagrams (Supplementary Figure 2,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24355/
abstract) were drawn using eulerAPE, version 3.0.0 (http://www.
eulerdiagrams.org/eulerAPE/) (22).

RESULTS
Study population. In the HOSTAS cohort, 202 patients
underwent MRI of the right thumb base at baseline, of whom 166
also underwent MRI of the same area at two-year follow-up (Supplementary Figure 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24355/
abstract). One patient was excluded due to prior joint anatomy-
altering thumb base surgery. The majority of the 165 patients
included in the study fulfilled the ACR classification criteria for OA
of the hand (5), were middle-aged, and female (Table 1). Baseline characteristics and imaging scores of patients included in the
analyses were not different from those individuals who only underwent MRI at baseline.
Pain and imaging features at baseline. At baseline, 93
(56.4%) of the patients reported frequent pain in the right thumb
base in the previous month, and 65 (39.4%) reported pain on palpation during physical examination, of whom 11 had maximum
pain.
MRI features were highly prevalent at baseline, with a total of
81.6% of patients having at least one thumb base joint (CMC1 or
STT) with synovitis or BMLs (Table 1). All MRI features were more
prevalent in the CMC1 joint than in the STT joint. Generally, scores
were low, which can be appreciated from the medians and interquartile ranges in Table 1. Osteophytes were the most frequently
observed structural feature on MRI (86% of CMC1 joints and
52% of STT joints). Radiographic osteophytes were present in 74
thumb bases (45%), primarily in the CMC1 joints.
As expected, we reaffirmed previous findings (8) in this cohort
that, cross-sectionally, pain on palpation was strongly associated
with the presence of radiographic osteophytes (OR 7.4 [95% CI
3.47‒15.7]), and that the association of inflammatory MRI features
with pain (OR 3.05 [95% CI 1.35‒6.9] for synovitis and OR 2.50
[95% CI 1.28‒4.9] for BMLs) attenuated after adjustment for os
teophytes (OR 1.63 [95% CI 0.66‒4.0] for synovitis and OR 1.10
[95% CI 0.49‒2.46] for BMLs).
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Table 1.

Baseline characteristics of 165 patients with hand OA*

Demographic characteristic
Female sex
Age, years
Fulfilment of ACR criteria for hand OA
Clinical assessment
Body mass index, kg/m2†
VAS right hand pain, 0–100 mm
scale
Self-reported pain of right thumb
base
Self-reported stiffness of right
thumb base
Presence of pain on palpation of
right thumb base
Bony swelling of right thumb base
AUSCAN hand pain, 0–20 scale
AUSCAN hand physical function,
0–36 scale
Self-reported use of acetaminophen
Self-reported use of NSAIDs
Self-reported use of thumb base
splint
Radiography of the right hand‡
CMC1 joint
Presence of OARSI osteophytes
Presence of OARSI joint space
narrowing
STT joint
Presence of OARSI osteophytes
Presence of OARSI joint space
narrowing
MR imaging of the right hand
CMC1 joint
Presence of synovitis§
Synovitis, 0–3 scale§
Bone marrow lesions, 0–6 scale§
Subchondral bone defects, 0–6
scale
Cartilage space loss, 0–3 scale
Osteophytes, 0–6 scale
Presence of subluxation
STT joint
Presence of synovitis§
Synovitis, 0–3 scale§
Bone marrow lesions, 0–9 scale§
Subchondral bone defects, 0–9
scale
Cartilage space loss, 0–3 scale
Osteophytes, 0–9 scale

No. (%) or
mean ± SD

Median
(IQR)

137 (83.0)
60.7 ± 8.3
151 (91.5)

–
–
–

27.5 ± 5.1
36 (21)

–
–

93 (56.4)

–

58 (35.2)

–

65 (39.4)

–

74 (44.8)
–
–

–
10 (6–12)
16 (10–22)

85 (51.5)
50 (30.3)
11 (6.7)

–
–
–

74 (45.1)
61 (37.2)

–
–

9 (5.5)
32 (19.5)

–
–

69 (42.3)
79 (48.5)
95 (57.6)

–
0 (0–1)
0 (0–2)
1 (0–1)

81 (49.1)
141 (85.5)
30 (18.2)

0 (0–1)
2 (1–4)
–

65 (39.9)
77 (47.2)
87 (52.7)

–
0 (0–1)
0 (0–1)
1 (0–1)

68 (41.2)
86 (52.1)

0 (0–1)
1 (0–1)

* ACR = American College of Rheumatology; AUSCAN = Australian/
Canadian Osteoarthritis Hand Index; CMC1 = first carpometacarpal joint;
IQR = interquartile range; MR = magnetic resonance; NSAIDs = nonsteroidal
antiinflammatory drugs; OA = osteoarthritis; OARSI = Osteoarthritis Research
Society International; STT = scaphotrapeziotrapezoid; VAS = visual analog
scale.
† Weight or height was not recorded for 5 patients.
‡ One baseline radiograph was missing.
§ Two baseline scores were missing due to unreadable MR images.

Pain and imaging features at two-
year follow-
up.
Frequencies and dimensions of changes in pain and imaging features are shown in Table 2. At the two-year follow-up visit, pain
on palpation had decreased or resolved in 32 patients (19.4%)
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and increased or developed in 33 patients (20%). The number
of patients using acetaminophen (58.2%), nonsteroidal antiinflammatory drugs (32.1%), or thumb base splints (10.7%) did not differ
from baseline (P = 0.109, P = 0.770, and P = 0.167, respectively)
(Table 1).
The majority of patients had no change in MRI scores
beyond the smallest detectable change. Structural MRI features
generally increased, whereas with inflammatory features such
as synovitis and BMLs, both increased and decreased scores
were observed. Synovitis most often only changed in one joint
(n = 44, 81.5%) (Figure 1), and in fewer cases, synovitis in the
CMC1 and STT joints both increased (n = 6), decreased (n = 2),
or changed in opposite directions (n = 2). Likewise, a change
in BMLs in only one joint (n = 44; 64.7%) (Figure 2) was more
common than a paired increase (n = 11), decrease (n = 8),
or a change of CMC1 and STT joints in opposing directions
(n = 5). Changes in MRI inflammation (synovitis or BMLs) were
seen equally often in CMC1 and STT joints (41.4% and 43.1%,
respectively). Compared to MRI, radiography less frequently
showed an increase in osteophyte scores (6.1% versus 24.2%
in thumb bases), JSN scores (13% versus 19.4% in thumb
bases), and erosion/cyst scores (3.7% versus 16.4% in CMC1
joints).
Associations between baseline imaging features and
change in pain on palpation. Baseline synovitis and BML
scores were not associated with an increase in pain after two
years (OR 1.13 [95% CI 0.83–1.53] and OR 1.11 [95% CI 0.96–
1.27], respectively). Similarly, baseline scores of these features
were not associated with a decrease in pain after two years (OR
0.84 [95% CI 0.60–1.19] for synovitis and OR 0.95 [95% CI 0.80–
1.12] for BMLs). Baseline radiographic osteophyte scores were
not associated with change in pain on palpation after two years
after adjustment and stratification for change in MRI features
(Tables 3 and 4).
Associations between change in imaging features
and change in pain on palpation. An increase in synovitis
or BMLs was associated with increased pain after adjustment
for the presence of baseline radiographic osteophytes (Table 3).
Increases in radiographic osteophytes or JSN were not associated with increased pain (OR 0.95 [95% CI 0.19‒4.7] and OR
0.87 [95% CI 0.27‒2.81], respectively). Likewise, a decrease in
BMLs seemed to be associated with a decrease in pain, although
CIs included no effect (Table 3). Decreases in synovitis in patients
with baseline pain were rare (n = 7), therefore associations were
not computed. In sensitivity analyses, with radiographic JSN to
reflect structural damage, effect estimates of the associations of
change in MRI features with course of pain did not change (Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24355/
abstract).

26
23
32
11
17
0
6
1
0
15
23
4
6
1
22
27
4
10
2

0.40
0.93
0.60
0.35
0.46
0.24

0.39
0.79
0.53
0.37
0.31

–
–
–
–
–

No.

–
–
–

SDC

−3.00
−5.50
−1.25
−2.50
−0.50

−3.00
−3.00
−1.25
−2.50
NA

−1.00
−2.50
NA
−0.50
NA
–

–
–
−3

Min.

−0.50
−2.00
−1.00
−0.50
−0.50

−0.50
−1.50
−1.00
−1.00
-0.50

−0.50
−1.25
NA
−0.50
−0.50
–

–
–
−1

Median

−0.50
−0.25
−0.75
−0.50
−0.50

−0.50
−1.00
−0.75
−0.50
NA

−0.50
−1.00
NA
−0.50
NA
–

–
–
−1

Max.

108
99
109
123
123

124
117
134
137
147

134
115
130
139
138
159

121
124
100

No.

−0.50
−1.50
−0.75
0
0

−0.25
−0.75
−0.50
0
0

−0.25
−0.75
−0.50
0
0
–

–
–
NA

Min.

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0
–

–
–
0

Median

Stable

0.25
1.25
0.75
0.50
0

0.25
0.75
0.50
0
0

0.25
0.75
0.50
0
0
–

–
–
NA

Max.

30
36
52
32
40

21
23
27
22
17

18
30
35
20
26
6

18
18
33

No.

0.25
0.50
0.25
0.50
0.50

0.50
1.00
0.75
0.50
0.50

0.50
1.00
0.75
0.50
0.50
–

–
–
1

Min.

1.00
1.63
1.25
0.50
0.50

1.00
1.50
1.00
0.50
0.50

0.63
1.38
1.00
0.50
0.50
–

–
–
1

Median

Increase

2.00
7.50
3.50
2.00
1.50

1.00
3.50
2.25
1.50
1.00

1.00
4.50
2.25
1.50
1.00
–

–
–
2

Max.

* CMC1 = first carpometacarpal joint; Max. = maximum; Min. = minimum; MR = magnetic resonance; NA = not applicable; SDC = smallest detectable change; STT = scaphotrapeziotrapezoid.
† Two change scores were missing due to unreadable MR images.
‡ Three change scores were missing due to unreadable MR images.
§ Five change scores were missing due to unreadable MR images.

Pain
Thumb base
Self-reported pain
Self-reported pain/stiffness
Pain on palpation
MR features
CMC1
Synovitis†
Bone marrow lesions‡
Subchondral bone defects
Cartilage space loss
Osteophytes
Subluxation
STT joint
Synovitis§
Bone marrow lesions†
Subchondral bone defects
Cartilage space loss
Osteophytes
CMC1 and/or STT joints
Synovitis§
Bone marrow lesions‡
Subchondral bone defects
Cartilage space loss
Osteophytes

Decrease

Table 2. Two-year changes in pain and MR features of the right thumb base in 165 patients with hand osteoarthritis*
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Figure 1. Coronal fat saturated T2-weighted fast spin-echo magnetic resonance imaging from a study participant showing an increase in
synovitis in the first carpometacarpal joint (arrows) at a two-year follow-up visit (A) compared to baseline (B).

Interaction between osteophytes and change in
inflammatory MRI features. To explore whether the association between an increase in inflammatory MRI features and an
increase in pain on palpation was different in thumb bases with
radiographic damage at baseline, we stratified these analyses
for the presence of radiographic osteophytes at baseline. Due
to low numbers, synovitis and BMLs were assessed together in
these analyses. As shown in Table 4, in joints without baseline
osteophytes, an increase in inflammatory MRI features (synovitis or BMLs) was associated with increased pain (OR 4.3 [95%
CI 1.25–
14.8]). However, when osteophytes were present at

baseline, the association between an increase in MRI inflammation and increased pain was stronger than expected from the
combination of separate effects (OR 11.0 [95% CI 3.35–36.1]).
The proportion of this association attributable to interaction is
as follows: (11.0−1−3.3−0.24)/11.0 = 59% (95% CI 12–100%).
Sensitivity analyses in which we stratified for the presence of JSN
at baseline instead of osteophytes, and in which we additionally adjusted for JSN scores at baseline, revealed similar results
(Supplementary Tables 2 and 3, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24355/abstract).

Figure 2. Coronal (A and B) and axial (C and D) fat saturated T2-weighted fast spin-echo magnetic resonance imaging from a study participant
showing decrease in bone marrow lesions in the trapezium bone (asterisks) at a two-year follow-up visit (A and C) compared to baseline (B and D).
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Table 3. Longitudinal associations between change in MRI-defined synovitis or BMLs and change in
thumb base pain on palpation in 165 patients with hand osteoarthritis after 2-year follow-up*
Outcome

Associations with increased pain on palpation
(in joints without maximum pain; n = 154)
Delta synovitis‡
Stable/decrease
Increase
Delta bone marrow lesions§
Stable/decrease
Increase
Baseline radiographic osteophytes¶
Absent
Present
Associations with decreased pain on palpation
(in joints without maximum pain; n = 65)
Delta synovitis#
Stable/increase
Decrease
Delta bone marrow lesions**
Stable/increase
Decrease
Baseline radiographic osteophytes
Absent
Present

Yes

No

Crude
OR (95% CI)

Adjusted
OR (95% CI)†

20
12

101
16

1
3.70 (1.49–9.2)

1
3.44 (1.28–9.3)

16
15

102
18

1
5.1 (2.15–12.1)

1
5.1 (2.10–12.6)

13
20

73
47

1
2.11 (0.94–4.7)

1
1.73 (0.73–4.1)

18
4

19
3

–
–

–
–

11
12

17
7

1
2.65 (0.80–8.8)

1
2.67 (0.80–8.9)

11
21

9
24

1
0.72 (0.25–2.06)

1
0.78 (0.26–2.28)

* 95% CI = 95% confidence interval; BMLs = bone marrow lesions; MRI = magnetic resonance imaging;
OR = odds ratio.
† Adjustments were made for the other imaging scores of features in this table.
‡ Five missing change scores due to unreadable MR images.
§ Three missing change scores due to unreadable MR images.
¶ One missing baseline radiograph.
# Five missing change scores due to unreadable MR images. Synovitis had to be present at baseline to
study decrease, resulting in n < 65.
** Three missing change scores due to unreadable MR images. BMLs had to be present at baseline to
study decrease, resulting in n < 65.

DISCUSSION
In this study, we describe the two-year natural course of
pain and osteoarthritic MRI features in the thumb base and their
associations in patients with hand OA. While thumb base pain
levels fluctuated over time, MRI features and radiographic damage remained stable in the majority of patients. In those individuals in whom MRI features did change, structural features such

as SBDs, cartilage space loss, and osteophytes generally deteriorated, whereas in inflammatory features, including synovitis and
BMLs, changes in either direction were seen. MRI features in the
CMC1 and the STT joints had a comparable course over two-year
follow-up.
Baseline MRI inflammation was not associated with change in
pain on palpation. However, an increase in synovitis or BMLs was
strongly associated with increased pain, also after adjustment for

Table 4. Number of thumb base joints with increased pain on palpation (yes/no) and
associations of increased MR inflammatory features (synovitis or BMLs) with increased pain,
stratified for baseline radiographic osteophytes, in 154 patients without maximum thumb
base pain at baseline*
Delta inflammatory MR features
Baseline osteophytes
Absent
Present

Stable/decrease

OR (95% CI)

Increase

OR (95% CI)

5/51†
4/33†

1
1.24 (0.31–4.9)

8/19†
14/13†

4.3 (1.25–14.8)
11.0 (3.35–36.1)

* Seven patients were excluded due to missing data on at least one imaging feature. BMLs =
bone marrow lesions; MR = magnetic resonance.
† Number of joints in the thumb base with increased pain on palpation, with the left number
indicating the number of patients with increased pain and the right number indicating
patients with no increased pain.
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radiographic damage. Likewise, a decrease in BMLs appeared to
be associated with decreased pain, although less markedly. The
number of thumb bases with a decrease in synovitis was too small
to estimate associations with a decrease in pain. All associations
between imaging features and pain were on a thumb base level
since pain on palpation was inevitably examined for the thumb
base as a whole due to the close proximity of CMC1 joints and
STT joints to each other.
Few studies have investigated the longitudinal relationship
between inflammatory MRI features and pain in hand OA. Previous studies have shown that in interphalangeal OA, an increase in
synovitis was associated with more pain, less synovitis was associated with less pain, and also that fluctuation in BMLs amplified
this effect of synovitis on change in pain (9,10). These studies also
suggest that BMLs mainly have an additive effect when accompanying synovitis, and that synovitis is the main driver of pain
(6,10). Our study shows that a longitudinal association between
inflammatory MRI features and pain on palpation is also present in
thumb base OA. However, in our study, associations with BMLs
appeared somewhat stronger than with synovitis, which may
suggest that in thumb base OA, BMLs do not merely amplify the
effect of synovitis. However, the small number of patients in whom
changes in synovitis and BMLs occurred in this study precluded
formal assessment of interaction between synovitis and BMLs.
Further study is warranted to investigate whether associations
between synovitis, BMLs, and pain are different in the thumb base
compared to the interphalangeal joints.
In a previous cross-sectional analysis of this hand OA cohort
(8), we showed that radiographic damage was a more important
determinant of pain in the thumb base than synovitis or BMLs
were, which contrasts findings of studies in interphalangeal OA
(6,7). The same study demonstrated that the combined presence of inflammation and structural damage in the thumb base
had an additive effect on pain. We now show that a change in
synovitis and BMLs was associated with a change in pain, even
after adjustment for radiographic damage. Subsequently, stratified analyses revealed that this association was strongest in joints
where radiographic damage was present at baseline. Taking the
results of these two studies together, radiographic damage seems
to be the most important feature associated with pain in thumb
base OA cross-sectionally, though a change in inflammatory features could still have a relevant effect on the course of pain.
The role of inflammation in the pathogenesis of osteoarthritic
joint pain was already discussed in an excellent seminar published
over a decade ago (23). Recently, a review by different authors
corroborated the proposed mechanisms, though definite proof
is yet to be found (24). Peripheral nociceptive pain could arise
from ongoing tissue injury or inflammation of innervated tissues,
such as the subchondral bone, periosteum, and synovium. The
cartilage itself is aneural but can still be involved by releasing
cytokines and other signaling molecules that can sensitize pain
pathways at the peripheral, spinal, or cortical compartment. Pain
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sensitization might explain why associations between decreased
MRI features and decreased pain are smaller compared to
increased MRI features and increased pain, as pathways can still
remain sensitized after the inflammation subsides (23,24).
The relatively low number of thumb base joints with radiographic progression after two-year follow-up is in line with results
from a previous study in 172 patients with hand OA, of whom
only 8 (4.7%) had osteophyte progression and even less (n = 5,
2.9%) had JSN progression in the CMC1 joints after two years
(25). After 6-year follow-up, only a small proportion of CMC1 and
STT joints showed radiographic osteophyte progression (16.5%
and 1.5%) or JSN progression (10.5% and 6.2%) (26). Although
radiographic progression did not appear to affect pain levels in this
study, the low number of joints showing radiographic progression
prevents the ability to form strong conclusions about these findings, and a longer follow-up period may be needed to investigate
this relationship.
In our study, increase in structural damage was more often
seen on MRI than on radiography. The higher sensitivity of MRI
to detect structural damage was also shown in a recent cross-
sectional study (27). Currently, structural damage assessed on
radiographs is considered the gold standard. Whether an increase
in structural damage on MRI that is not visible on radiography is
clinically relevant should be investigated in future studies.
To our knowledge, this is the first study describing the course
of clinical and MRI parameters in thumb base OA in a study with
a considerable sample size. This cohort, recruited from a rheumatology outpatient clinic in a secondary and tertiary referral center,
is a good representation of hand OA patients who are in need of
and could benefit from treatment but who may be different from
a primary care population; hence, results should be extrapolated
with caution. As a result of including patients with hand OA, but
not necessarily thumb base OA, our cohort consisted of patients
with a wide variety of thumb base OA disease stages.
An important limitation of this study is the low number of
patients in whom a change in pain, MRI features, or structural
damage occurred, which demonstrates that the natural course of
thumb base OA is a slow process. As a consequence, the estimated associations are less accurate, which is reflected by wide
CIs, especially for the stratified analyses. Future studies investigating the longitudinal relationship between pain, MR-defined
inflammation, and radiographic damage with a large group size
and longer follow-up are therefore warranted. Additionally, analy
ses in the setting of a positive clinical trial would provide more
insight in associations with improvement in pain. Another limitation might be the possible use of over-the-counter analgesics
and thumb base splints in this observational cohort. However, in
general, the efficacy of analgesics for treating OA pain is small
(28,29), and even though a recent meta-analysis showed positive effects of thumb base splinting on pain (30), there is no
evidence that these interventions influence MRI features. Therefore, we believe these interventions might only have introduced
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nondifferential misclassification, but not bias, in the studied associations. Last, pain experience can be modulated by psychosocial and other contextual factors (23,24), which were not taken
into account. Although, by using pain on palpation—
instead
of self-reported pain—these effects were mitigated, and more
importantly, there is no reason to believe that these contextual
factors can influence MRI features.
In addition to providing more insight in the course and prognosis of thumb base OA, this study suggests inflammation in the
thumb base could be explored as a potential treatment target.
This may appear to contrast negative findings from clinical trials
of intraarticular glucocorticoid injections in the thumb base (31),
though the lack of trials with positive outcomes could also be
related to the inclusion of patients without inflammation. Therefore,
trials selecting patients based on the presence of thumb base
inflammation, and not primarily radiographic damage as has been
done before, may generate different results. Indeed, a recently
published trial of prednisolone in interphalangeal OA that only
included patients with objectifiable inflammation of at least one
interphalangeal joint showed significant and clinically meaningful
results (32), whereas previous trials of glucocorticoids in hand OA
without confirmed inflammation at baseline were inconclusive (33).
In conclusion, over the course of 2 years, thumb base pain
fluctuated. Osteoarthritic features on MRI of the thumb base
changed in a minority of patients with hand OA, in whom structural features mostly deteriorated and in whom inflammatory features changed in either direction. Changes in synovitis and BMLs
were associated with changes in pain, mainly in patients with
radiographic damage. Therefore, while radiographic damage may
be the main determinant of pain in thumb base OA, the present
study shows that a change in inflammatory features in the thumb
base may still have a relevant effect on pain.
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Understanding the Association Between Osteoarthritis
and Social Participation: The Canadian Longitudinal Study
on Aging
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Objective. The focus on disability in osteoarthritis (OA) has largely been on the ability to perform specific activities,
which neglects the greater implications for social participation. We investigated the association between OA and social
participation, considering activity limitations and instrumental supports as intervening variables in the association.
Methods. Data were from 21,214 respondents, ages 45–85 years, from cycle 1 of the Canadian Longitudinal
Study on Aging. The questionnaire elicited information regarding self-reported doctor-diagnosed OA, difficulty with 14
activities, perceived availability and receipt of instrumental supports, and 17 social participation activities. Structural
equation modeling was used. The primary outcome was social participation, and the primary predictor was OA.
The intervening variables included activity limitations, received instrumental supports, and perceived instrumental
supports. Latent variables were developed for intervening and social participation variables. The covariates included
age, sex, body mass index, income, education, smoking, and comorbidity count.
Results. The mean age of the respondents was 63 years, 51% were female, and 26.5% reported having OA. Two
distinct social participation indicators were identified, including social participation–diversity and social participation–
intensity. When intervening variables were not considered, minimal/no association was found between OA and social
participation. When intervening variables were considered, unique pathways linking OA and social participation were
found. The overall negative association between activity limitations and social participation was partially direct and
partially buffered by both receipt of and perceived availability of instrumental supports. In the absence of activity
limitations, OA was associated with greater social participation.
Conclusion. Enhanced social participation in people with OA who do not have activity limitations may reflect
proactive steps taken by those with mild OA to maintain activity and social engagement. For those with activity
limitations, findings highlight the need for interventions to mitigate limitations and draw particular attention to the
importance of both provision and awareness of available instrumental supports in maintaining social participation.
INTRODUCTION
Life expectancy in industrialized nations has made unprecedented gains over the past century, largely due to efforts to postpone deaths from fatal diseases (1). However, added years of life
introduce the risk of developing age-related, nonfatal, and often

disabling conditions, or of living for a longer period of time with
disabling conditions developed earlier in life. Osteoarthritis (OA)
is a key example cited for population-level burden in this context
and is among the leading contributors to years lived with disability
(2). OA is often accompanied by pain and functional limitations,
leading to varying degrees of disability (3).
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SIGNIFICANCE & INNOVATIONS
• Participation in social activities has been linked to
improved health-related quality of life and well-
being, yet the impact of osteoarthritis (OA) on social
participation has not been widely studied.
• In a large, population-based sample, we found that
activity limitations in OA were associated with reduced social participation; however, their negative
impact was in part reduced by the receipt and perceived availability of instrumental supports.
• Interventions targeted at activity limitations are important in OA, but for those in whom these limitations persist, this study draws additional attention
to the importance of provision and awareness of
instrumental supports in order to maintain social
participation.

Within the context of added years of life, the goal of successful or healthy aging is often raised (4,5). Although definitions
of successful aging vary, in OA research the framing has often
focused on disability in activities of daily living (i.e., activities related
to self-care) (4,6). However, studies have reported that older adults
often identify successful aging more with social engagement/
participation than with activity limitations or disease specifically,
though the latter are also identified as important factors (7–9). The
benefits of social participation for quality of life, satisfaction with
life, and future health and well-being are well documented (8,10–15).
With the intent of stretching healthy years well into old age,
improving social participation is a key element within the World
Health Organization’s action plans on aging and health (16,17).
The International Classification of Functioning, Disability, and
Health (ICF) is a biopsychosocial framework ideally suited for
exploring the relationship between OA and social participation
and has been recommended as the framework for monitoring the
impact of aging (18–20). The framework begins with the concept
of a health condition that impacts functioning and disability. In the
ICF, functioning and disability are multidimensional concepts relating to body functions and structures (functioning at the level of
the body), activities (functioning at the level of the individual), and
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participation (functioning in areas of life as a member of society).
The relationships between these concepts are understood to be
influenced by personal and environmental factors.
There is limited work examining aging and OA, and social
participation has largely been overlooked. As studies have demonstrated that needs relating to social participation are generally less
likely to be met than those relating to disability (10,11,21), the
development of strategies to maintain or improve social participation in OA requires an understanding of potential factors and pathways linking OA and social participation. Of particular relevance
in this regard are activity limitations. Previous research suggests
that factors such as instrumental supports (tangible assistance
received from others [e.g., help with chores, transportation, etc.])
influence social outcomes of activity limitations, as they may aid in
overcoming barriers to social participation (22,23).
Underpinned by the ICF framework, our study investigates
the association between OA and social participation in a represen
tative population-
based sample and aims to deconstruct the
relationship between OA and social participation. Evaluating our
conceptual model (Figure 1) may reveal potentially modifiable
targets or avenues for intervention to positively influence social
participation. We hypothesized that activity limitations would be
an intervening variable between OA and social participation, and
that instrumental supports may mitigate some of the negative
influence of activity limitations on social participation. Importantly,
the present study also included an examination of the relationship
between contextual factors (e.g., age, sex, education, and comorbidities) and each component of the conceptual model.

PATIENTS AND METHODS
Sample. The Canadian Longitudinal Study on Aging (CLSA)
is a nationwide study that collects sociodemographic, psychosocial, behavioral, and health-related data from a representative
sample of men and women ages 45–85 years (24). Participants
are followed for 20 years or until death. The present study was
based on cycle 1 data of the CLSA tracking sample (n = 21,241).
The tracking sample is comprised of participants who were randomly selected from each of the 10 Canadian provinces, and the

Instrumental
Support

Social
Parcipaon

Figure 1. Conceptual model showing observed variable (square) and latent variables (ovals). Sociodemographic and health-related contextual
effects (e.g., age, sex, obesity, smoking, etc.) are not shown. OA = osteoarthritis.
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data weights provided with the data set account for sampling
design and ensure national representativeness. The tracking sample was assessed by way of the tracking questionnaire that was
administered via a computer-assisted telephone interview.
Study variables. Given our interest in examining pathways
linking OA and social participation, we characterized study vari
ables analytically as primary predictor, intervening, outcome, and
contextual variables. For the analysis, some variables were operationalized as documented, while latent variables were developed
where several items tapped into broader underlying constructs.
Social participation. The ICF domain primary outcome vari
able was participation. Respondents were asked a range of
questions about social activities. The interest for the present
study was in discretionary social activities, which were represented in 3 sections of the questionnaire and tapped into social
participation, with some variation in the format of the questions.
One section asked whether specific statements concerning
activities were applicable and respondents indicated yes/no to
each statement. Another queried about the frequency of a list
of community-related activities for which respondents indicated
never/at least once a year/at least once a month/at least once
a week/at least once a day, to each. Examples include recreational shopping, visiting friends/family, recreational activities with
others including educational/cultural activity, club/organizational
activity, and hobby-related or holiday activities. The final section asked about trips/activities “you typically make in a week,”
where respondents indicated yes/no to each activity listed. The
full list of 20 activities is provided in Table 1.
Table 1.

OA. The ICF domain primary predictor was health condition.
Respondents were asked if a doctor had ever told them they had
OA in the knee, hip, or hand. OA was coded as yes/no.
Activity limitations. One ICF domain intervening variable was activity. Respondents reported whether they experienced difficulty performing 14 specific activities (e.g., reaching,
handling, kneeling, pushing, standing, walking [for the complete list, see Supplementary Table 1, available on the Arthrielibr
ary.wiley.com/
tis Care & Research website at http://onlin
doi/10.1002/acr.24366/abstract]), with response options of
no, yes, unable to do, and don’t do on doctor’s orders. For
each activity, difficulty was operationalized as none (not difficult),
a little difficult, somewhat difficult, very difficult, and unable to
do, with the latter including those who responded don’t do on
doctor’s orders. For each activity, those who responded yes
were additionally asked about the degree of difficulty (a little/
somewhat/very).
Instrumental supports. Another intervening variable was instrumental supports. Respondents reported how often (none of
the time, a little of the time, some of the time, most of the time,
and all the time) they had available instrumental supports if they
needed them for each of the following 4 scenarios: 1) help if
they were confined to a bed, 2) help with daily chores if they
were sick, 3) help to prepare meals if they were unable to, and
4) help to be taken to the doctor if needed. These scenarios
represented perceived instrumental support. Respondents also
reported (yes/no) if they had received instrumental supports in
the past 12 months due to limitations or a health condition for
each of the following activities: personal care, medical/nursing

Questionnaire items assessing social participation*

Preface question
“Which of these statements
apply to you?”†

“The next questions are
about community-related
activities that you may
have participated in
during the past 12
months. In the past 12
months, how often did you
participate in…?”§
“What kind of trip(s) do you
typically make in a week,
whether by car, public
transit, walking, or other
means?”†

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

I read a daily newspaper.‡
I have a hobby or pastime.
I have taken a holiday in Canada in the last 12 months.
I have taken a holiday outside of Canada in the last 12 months.
I have gone on a daytrip or outing in the last 12 months.
I use the internet and/or email.
I voted in the last federal, provincial, or municipal election.‡
Family or friendship-based activities outside the household
Church or religious activities such as services, committees, or choirs‡
Sports or physical activities that you do with other people
Educational and cultural activities involving other people such as
attending courses, concerts, plays, or visiting museums
Service club or fraternal organization activities
Neighbourhood, community or professional association activities
Volunteer or charity work
Any other recreational activities involving other people, including
hobbies, gardening, poker, bridge, cards, and other games
Recreational/leisure shopping, restaurants
Recreational/leisure trips to park, other outdoor spaces
Church/worship service
Visiting friends and family
Social activities (e.g., seniors recreational centers)

* Preface statement in questionnaire: “Now some questions about your social activities.”
† Instruction to interviewer included, “Code all that apply.”
‡ Item not ultimately retained following exploratory factor analysis.
§ For items 8–15, response options for each included: at least once a day, at least once a week, at least once a
month, at least once a year, and never.
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care, managing care, indoor/outdoor housework, transportation, and meal preparation/delivery. Assistance with these activities represented received instrumental support.
Contextual factors. Data on several sociodemographic and
health-related contextual factors were also gathered by questionnaire. We considered age (continuous), sex, highest attained education level (collapsed and treated as ordinal, including less than
high school, high school, post-secondary), household income (Canadian dollars; collapsed and treated as ordinal: <$20,000, $20–
49,000, >$49–99,000, >99–$149,000, and >$149,000), marital
status (categorical, including married or common law, widowed
or divorced or separated, and single and never married [referent]),
obesity (body mass index [BMI], derived from height and weight
and categorized as obese [BMI ≥30] versus nonobese [BMI <30]),

smoking status (current versus former/never), and, based on self-
reported physician diagnosis, number of comorbid conditions
(cancer, cardiovascular, neurologic, respiratory, ocular, mental, endocrine, and musculoskeletal [excluding OA]).
Statistical analysis. A structural equation modeling (SEM)
framework was used for the study, facilitating the development of
latent variables and testing of pathways between observed (i.e.,
OA) and latent variables (see conceptual model in Figure 1). As
social participation has not been well characterized in the literature, a necessary first step was to undertake an exploratory factor analysis to assess the dimensionality of an underlying (latent)
social participation construct based on the 20 items in the CLSA
data set.

Table 2. Characteristics of the sample by osteoarthritis (OA) status*

Mean age, years
Female
Level of education
Less than high school
Post-secondary
Household income
≤$49,999
$50,000–$99,999
≥$100,000
Obese
Current smoker
Chronic condition, mean count
Activity limitations (14 items)
1+ difficulties
2+ difficulties
3+ difficulties
Instrumental support-perceived availability (4 items)
None of the time to all items
All of the time to all items
Instrumental support- received (6 items)
1+ yes responses
2+ yes responses
3+ yes responses
Social participation activities
Social participation–diversity (5 items)
Activity typically made in a week
No to all items
Yes to at least 3 of 5 items
Yes to all 5 items
Social participation–intensity (12 items)
Engage in specific activity
No to all 5 items
Yes to at least 3 of 5 items
Yes to all 5 items
Community-related activity
Never/yearly to all 7 items
At least once a month for at least 4 of 7 items
At least once a month for all 7 items
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P,
OA vs. without

With OA
(n = 2,813)

Without OA
(n = 7,591)

64.9
62.7 (1,743)

59.4
48.3 (3,601)

<0.001
<0.001

29.9 (766)
70.1 (1,641)

26.1 (1,929)
73.9 (4,919)

<0.001

41.4 (1,205)
35.7 (905)
22.9 (485)
31.6 (870)
10.3 (270)
2.5

28.3 (2,376)
35.5 (2,580)
36.3 (2,163)
22.0 (1,647)
11.0 (850)
1.6

<0.001

75.2 (2,162)
56.5 (1,624)
42.8 (1,227)

42.1 (3,384)
24.1 (1,975)
14.7 (1,208)

<0.001†

0.7 (22)
33.8 (918)

0.6 (54)
35.2 (2,570)

0.037‡

18.5 (527)
11.6 (329)
7.2 (209)

9.7 (773)
5.8 (444)
3.7 (275)

28.0 (693)
44.6 (1,104)
6.6 (164)

24.3 (1,662)
47.1 (3,165)
7.5 (521)

0.005†

0.6 (22)
85.5 (2,339)
30.3 (790)

0.4 (44)
90.3 (6,719)
35.8 (2,538)

<0.001†

5.0 (152)
44.9 (1,129)
3.7 (95)

3.9 (312)
45.8 (2,916)
2.9 (236)

0.032‡

<0.001
0.322
<0.001

<0.001†

* Values are the % (number) unless indicated otherwise. Analytic sample included confirmatory factor
analysis (CFA)/structural equation modeling (SEM). Proportions and means derived using provided
data weights.
† Based on mean number of yes responses.
‡ Based on mean composite score of ordinal responses.
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A two-step approach was adopted for the development of the
social participation latent factor, with an exploratory factor analysis
(EFA) followed by a confirmatory factor analysis (CFA). The EFA was
aimed at exploring the relationships among the social participation
activities and did not have an a priori fixed number of factors. As
the intent was to use the factors in the SEM, the CFA was undertaken to validate the social participation factors in a new sample. To
accomplish this, the sample was randomly divided into 2 groups.
The EFA was performed in 1 group (n = 10,796), and the CFA and
subsequent structural analysis for the conceptual model was performed in the other group (n = 10,413). The weighted least squares
for mean and variance estimator was used (as several measures
were categorical or ordinal), and a standardized loading of ≥0.3 was
deemed to reflect a salient loading of an item on a factor (25). A single latent variable was envisioned for each of the activity limitations,
received instrumental support, and perceived instrumental support;
this also was evaluated by EFA. Though not reflected in Figure 1,
the sociodemographic and health-related contextual factors were
specified as predictors of OA and each of the latent factors.
The characteristics of those with and without OA were statistically compared using t-tests and chi-square tests as appropriate. For SEM analyses, overall good model fit was defined as
a Root Mean Square Error of Approximation (RMSEA) score of
≤0.05, Standardized Root Mean Square Residual (SRMR) score
of ≤0.08, and Comparative Fit Index (CFI), and Tucker-Lewis Index
(TLI) score of >0.90. Given the sensitivity of the chi-square fit statistic to sample size, this measure was not considered. Analyses
were performed using Mplus V.8.0 (Muthen & Muthen) and using
sampling weights provided by the CLSA.

RESULTS
No meaningful differences were found between the randomly
split samples used for the EFA and CFA/SEM analyses (see Supplementary Table 2, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24366/
abstract). The mean age of the overall sample was 63 years,
51% of the sample was female, and the overall prevalence of
OA was 26.7% (Supplementary Table 2). Slightly more than half
of the sample reported an activity limitation in at least 1 activity,
and nearly one-fourth reported difficulties with at least 3 activities. One-third of the sample perceived having instrumental supports available all the time if needed, and 13% reported receiving
some level of instrumental support. Finally, 45–91% of the sample
reported engaging in the majority of the routine trips and specific
community-related and social activities items about which they
were queried.
Table 2 presents the characteristics of those with and without OA. Compared to those individuals without OA, those with
OA were on average 5 years older and more likely to be female
(48% versus 63%). They were also more often obese and had
a higher mean comorbidity count. Difficulty with 2 or more daily
activities was reported by 57% of those individuals with OA,
compared to 24% among those without OA. There was no difference in overall perceived availability of instrumental support
between individuals with and without OA, but 19% of those with
OA reported receiving instrumental support with at least 1 activity
compared to 10% among those without OA.
The adequacy of using a single latent variable to represent each activity limitation, received instrumental support, and
perceived instrumental support was supported and confirmed
(for EFA and CFA results, see Supplementary Tables 3 and 4,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24366/abstract). Factor
analysis identified 2 latent social participation indicators, which
we labeled diversity and intensity. Diversity represented the
range or variety of activities typically undertaken in a week and
included the social activity items 16–20 (as numbered in Table 1),
whereas intensity reflected the degree or extent of participation,
and included the social activity items 2–6, 8, and 10–15 (as

Table 3. Standardized regression coefficients between predictor variables and dependent variables*
Instrumental support†
Predictor variable
Model without intervening 
latent factors
OA‡
Final model with intervening 
latent factors
OA‡
Activity limitations
Instrumental support received
Instrumental support perceived
availability

Activity
limitations

Received

0.32 (0.28, 0.36)§ 0.03 (–0.04, 0.09)
0.45 (0.39, 0.52)§

Perceived
availability

0.03 (–0.02, 0.07)
–0.06 (–0.10, –0.01)§

Social participation†
Diversity

Intensity

0.03 (–0.01, 0.08)

0.05 (0.01, 0.09)§

0.07 (0.02, 0.12)§
–0.16 (–0.23, –0.10)§
0.08 (0.02, 0.14)§
0.02 (–0.02, 0.06)

0.15 (0.10, 0.19)§
–0.29 (–0.35, –0.23)§
–0.01 (–0.07, 0.04)
0.19 (0.16, 0.22)§

* Values are the standardized regression coefficients (95% confidence intervals [95% CI]). Activity limitations, instrumental support, and social
participation are the dependent variables. All models adjusted for sociodemographic and health-related contextual factors.
† Correlation between instrumental support latent variables = 0.14 and between social participation latent variables = 0.23.
‡ As osteoarthritis (OA) is a dichotomous variable, the regression coefficient represents the influence of OA (vs. not) on the standardized
dependent variable.
§ Statistically significant (P < 0.05) estimates.
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Social
Parcipaon
Diversity

0.08

0.07
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Instrumental
Support
Received

0.45

-0.16

OA

0.32

Acvity
Limitaons
-0.29
-0.06

Instrumental
Support
Perceived

0.15

0.19

Social
Parcipaon
Intensity

Figure 2. Final structural model showing only significant pathways (P < 0.05) with positive (solid lines) and negative (broken lines) standardized
regression coefficients. Sociodemographic and health-related contextual effects (e.g., age, sex, obesity, smoking, etc.) are not shown. OA =
osteoarthritis.

numbered in Table 1). The contribution of individual activities to
these indicators varied. For example, within the diversity indicator, visiting friends and family had a much greater contribution
than church/worship service activity (loadings of 0.91 and 0.47,
respectively), and within the intensity indicator, educational and
cultural activities had a greater contribution than service club
or fraternal organization activities (loadings of 0.60 and 0.34,
respectively). Overall, individuals with OA reported having participated in slightly fewer social activities than those without OA.
For example, of the diversity items, 28% of individuals with OA
reported “no” to all items compared to 24% among those without OA. Of the intensity items related to engaging in specific

activities, 30% of those with OA reported “yes” to all 5 items
compared to 36% of those without OA (Table 2).
Structural model. The relationships among the main study
variables from the structural model are presented in Table 3 as standardized regression coefficients. In an initial model without consideration of the intervening latent indicators, no relationship was found
between OA and social participation–diversity, and only a small relationship was observed with intensity. However, when the full model
was considered, a complex relationship between OA, activity limitation, instrumental supports, and social participation was uncovered.
For clarity, these results are depicted in Figure 2 (only statistically

Table 4. Regression coefficients between sociodemographic and health-related contextual factors and main study
variables*
Instrumental support
Predictor
Age
Female (vs. male)
Marital status (vs. single/never married)
Married/common law
Widowed/divorced/separated
Obese (vs. not obese)
Household income
Education
Smoker (yes vs. no)
Comorbidity count

OA†

Activity
limitations

Social participation

Received

Perceived
availability

Diversity

Intensity

0.03‡
0.21‡

–0.00
–0.01

–0.01‡
0.15‡

0.01‡
–0.03

–0.01‡
–0.00

0.00
0.24‡

0.03
0.05
0.24‡
–0.03
0.01
0.01
0.13‡

–0.16‡
–0.15‡
0.25‡
–0.14‡
–0.07‡
0.17‡
0.20‡

0.10
0.06
–0.05
0.03
–0.03
–0.04
0.07‡

0.90‡
0.11‡
0.02
0.05‡
0.07‡
–0.02
–0.03‡

0.06
0.10
–0.01
0.05‡
0.04
–0.23‡
–0.01

0.00
0.10
–0.08‡
0.24‡
0.26‡
–0.40‡
–0.01

* Osteoarthritis (OA), activity limitations, instrumental support, and social participation are the dependent variables.
† Other than for OA (dichotomous), dependent variables are standardized.
‡ Statistically significant (P < 0.05) estimates.
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significant pathways are shown). For additional clarity, the associations between the sociodemographic and health-related contextual
factors and the main study variables from the same model are separately presented in Table 4. The final structural model had excellent
overall fit, including RMSEA score of 0.02 (90% confidence interval
[90% CI] 0.020, 0.021); P = 1.00 (RMSEA ≤0.05); SRMR score of
0.06; CFI score of 0.96; and TLI score of 0.95.
As shown in Figure 2, having OA was associated with greater
activity limitations. Greater activity limitations were associated
both with lower social participation–
diversity and lower social
participation–intensity scores. However, the negative effects of
activity limitations were in part mitigated by instrumental supports. Specifically, greater activity limitations were associated with
increased reporting of having received instrumental supports,
and greater receipt of instrumental supports was associated with
higher social participation–diversity scores. The receipt of instrumental supports was not associated with social participation–
intensity scores. Greater activity limitations were also associated
with lower perceived availability of instrumental supports if they
were needed. Even so, greater perceived availability of instrumental supports was associated with higher social participation–
intensity scores. Perceived availability of instrumental supports
was not associated with social participation–
diversity scores.
For individuals without activity limitations, OA was associated
with higher social participation–diversity and social participation–
intensity scores, and more so with the latter. This is reflected in
Figure 2 by the solid lines directly linking OA to social participation
(i.e., the uppermost and lowermost pathway lines in Figure 2).
Different patterns of associations were found between the
sociodemographic and health-
related contextual factors and
the latent instrumental supports and social participation indicators (Table 4). For example, individuals who were married or in a
common law marriage reported greater perceived availability of
instrumental supports if needed than individuals who were single
and had never been married. Female individuals had higher social
participation–intensity scores than male individuals, but no sex
difference was found with social participation–diversity scores.
Similarly, a higher level of education was associated with higher
social participation–intensity scores but was unrelated to social
participation–diversity.

DISCUSSION
This study, based on a large, representative population sample, identified unique pathways linking OA and social participation.
In the presence of activity limitations, OA was associated with
reduced social participation. However, the association between
activity limitations and reduced social participation was in part
buffered by both the receipt of and perceived availability of instrumental supports. Furthermore, social participation as a construct
was reflected by 2 distinct social participation indicators, which
were differently associated with age, sex, income, and education.
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Activity limitation is one of the main obstacles to older adults’
ability to perform social activities independently and to a healthy
aging process (26–28), and there is evidence supporting the role
of social relations on chronic pain and disability outcomes (29–31).
Our findings highlight the importance of social support in mitigating
the experience of activity limitation and reducing social limitations
(30,32–34). While many studies examining the role of instrumental social support in social participation have focused on the perceived availability of support, we considered both perceptions
and receipt of instrumental supports simultaneously. Interestingly,
while greater perceptions and receipt both were associated with
higher social participation scores, the distinguishing feature in this
study is that each was associated with 1 of the social participation indicators and not the other. Our findings suggest that for
individuals with activity limitations, both the provision of support
and the awareness of available support may play important roles
in maintaining or improving social participation in OA and, more
generally, with aging.
We found older age, in a sample of individuals ages 45–85
years, to be associated with lower social participation–diversity
scores but unrelated to social participation–intensity. It is unclear
as to whether this association suggests that different life stages
(and/or OA disease stages) may contribute to differences or transitions in saliency of diversity versus intensity in participation over
time (35), or whether this association speaks to the importance
of receipt and perception of availability of support or care over
time. Sex differences were also found. Women reported receiving more instrumental support than men, but no sex differences
were found with perceived availability of instrumental supports (if
needed). Women also had higher social participation–
intensity
scores than men, but no sex differences were found with diversity.
With respect to the role of sex in relationships between supports
and participation, inconsistency of findings has been reported
(36), which may in part stem from differences in what is being
considered with respect to supports and participation.
The use of latent variables in our study allowed for distinct
social participation indicators to be considered in our final model,
following from our findings in the exploratory phase of the study.
Different social participation activities are often combined in studies and totaled, but their individual contributions may differ (35,37).
Having used latent variables to represent the constructs of social
participation means that individual activities were not arbitrarily
equally weighted in our study, as when activities are simply
totaled into a score. Rather, each was specified to freely load onto
their respective constructs and, indeed, factor loadings differed
across activities. Lindstrom and Rosvall undertook a study underpinned by 2 theoretical strands of social capital (“cohesion” and
“network” perspectives) and examined the association between
low social participation and total, cardiovascular, and cancer-
related mortality, and all other causes of mortality (13). Overall,
low social participation was consistently associated with all 4
groups of mortality. In the case of cardiovascular mortality and
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total mortality, significant associations persisted through multiple
adjustments, including baseline self-rated health (13). Lindstrom
and Rosvall argue that public health studies should therefore
include items on both variety and intensity of social participation
as central indicators of social capital. Finally, as our findings reveal,
different indicators of social support and of diversity and intensity
of social participation differentially relate to each other, to OA, and
to activity limitations, which suggests that an exclusive focus on
any 1 indicator may miss important associations.
For those individuals without activity limitations, OA was
directly associated with greater social participation. This may
be reflective of proactive steps taken by people with milder OA
to maintain activity and social engagement. In a study of midlife to
older adults with a range of long-term physical health conditions,
Clarke et al showed that those with a greater number of years since
diagnosis had somewhat greater participation and suggested that
this was due to coping or adaptation strategies learned over time
(38). Unfortunately, OA disease duration was not available for our
study. Clarke et al also reported that those individuals with higher
levels of perceived social supports reported greater ability to participate in social roles and activities (38). As the participation measure
used in the study by Clarke and colleagues most closely aligned
with our social participation–intensity indicator, their findings support those revealed in our study, linking the perceived availability of
instrumental support with social participation–intensity.
Our study was not without limitations. The cross-sectional
nature of the study did not allow causal processes that link activity,
support, and social participation to be disentangled. For example,
there may be reciprocal effects between social participation and
health (39), such that better health allows for greater social participation, which in turn improves or maintains health and allows
for the maintenance or increase in the level of social support and
social participation (40). Future availability of longitudinal CLSA
data and other data will enable further investigations, and the
present study provides a strong conceptual and methodologic
foundation for such undertakings. A further limitation of our study
was that the data set did not include a variable for pain at the
time point under study. Population-based studies have reported
that pain is significantly associated with greater activity limitations
(41,42). However, it has been reported that pain may not be directly
associated with either instrumental support or social participation.
Rather, the association may be fully by way of activity limitations,
as reported in clinical OA, community OA samples, and other
non-OA samples (43–47). The findings of these previous studies
suggest that limitations in undertaking tasks and activities of daily
living play a critical mediating role in the relationship between pain
and reduced social participation. Therefore, while it would have
been preferable for pain to be included, a fully mediated effect
through activity limitations would mean our reported associations
would change minimally (if at all). Additional environmental factors (e.g., relating to the built physical environment, systems, and
policies, etc.) that can act as potential facilitators (barriers) to the
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accomplishment of social participation were not considered in this
study (48–51). While inclusion of these factors would have permitted further deconstruction of the associations considered, we do
not believe they would have altered our conclusions. Rather, they
likely would have highlighted further avenues for potential intervention to improve/maintain social participation. Only knee, hip, and
hand OA were considered by the CLSA, and disease severity was
not captured. While these joint sites are those that are most frequently affected by OA, the exclusion of other sites means that the
prevalence of diagnosed OA presented here is an underestimate,
and the study referent group may have included some individuals with OA. In addition, doctor diagnosis data were self-reported
and are therefore subject to potential recall and reporting biases.
While these would bias estimates toward the null, we nevertheless
found significant differences.
This study was based on a large, representative population
sample, and was underpinned by a widely adopted biopsychosocial framework for describing health and disabilities (18–20). We
believe this framework makes the findings broadly generalizable.
An additional strength of the study was its analytical framework,
which began with an EFA of latent constructs and a final model
that incorporated pathways with observed and latent variables.
Our work highlights an important need to consider OA and
social participation in a broader biopsychosocial framework that
considers important mediated pathways linking the OA and social
participation. OA was associated with reduced social participation in the presence of activity limitations. Instrumental supports,
both perceived and received, in part reduced the negative effects.
Interventions targeted at activity limitations are important in OA,
but for those in whom these limitations persist, our work highlights the importance of both provision of instrumental support
and awareness of available instrumental support in maintaining
social participation.
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Patterns and Correlates of Self-Management Strategies
for Osteoarthritis-Related Pain Among Older Non-Hispanic
Black and Non-Hispanic White Adults
Alisa J. Johnson,1
Kimberly T. Sibille,1 Josue Cardoso,1 Ellen L. Terry,1 Keesha L. Powell-Roach,1 Burel Goodin,2
1
Roland Staud, David Redden,2 Roger B. Fillingim,1 and Staja Q. Booker1
Objective. Knee osteoarthritis (OA) is a leading source of pain and disability among older adults. Self-management
(SM) strategies are recommended to manage OA symptoms. Sociodemographic and clinical characteristics, along
with other factors, may influence SM utilization rate. This study sought to examine the prevalence and correlates of
SM use for pain among non-Hispanic Black patients (NHB) and non-Hispanic White patients (NHW) older adults with
or at risk for knee OA.
Methods. A secondary data analysis was conducted on the Understanding Pain and Limitations in Osteoarthritic
Disease multisite observational study, which included NHB (n = 104) and NHW (n = 98) community-dwelling older
adults with or at risk for knee OA. Participants completed measures of sociodemographics, pain SM use, coping,
and clinical and experimental pain.
Results. Clinical and experimental pain were significantly greater among NHBs compared to NHWs. There were no
significant differences in use of total SM by ethnicity/race. Interestingly, multiple linear regression revealed that clinical
and experimental pain indices, as well as coping, number of pain sites, age, and sex were differentially associated
with total SM use between NHBs and NHWs. There were significant ethnicity/race by type of pain management
interaction effects for pain measures.
Conclusion. SM is common among older adults with or at risk for knee OA pain, and the prevalence of SM does
not differ by ethnicity/race, but many guideline-recommended interventions for OA are underutilized. Importantly,
different factors were associated with the use of SM, highlighting distinct biopsychosocial mechanisms contributing
to SM use in NHBs and NHWs.
INTRODUCTION
Osteoarthritis (OA) is a prevalent degenerative condition that
commonly affects weight-bearing joints such as the knee (1). Pain
is among the most distressing symptoms of OA and a primary
treatment target (2). Clinical guidelines recommend a combination
of pharmacologic and nonpharmacologic strategies (3). Some
pharmacologic (e.g., over-the-counter [OTC] analgesics) and nonpharmacologic interventions, such as exercise, braces, acupuncture, and thermal modalities, are considered self-management

(SM) strategies, in that individuals participate in these activities on
their own behalf to mitigate pain, with or without the help of medical professionals (4,5). SM of a chronic disease refers to an individual’s “ability to manage the symptoms, treatment, physical and
psychosocial consequences, and life style changes inherent in
living with a chronic condition” (6). SM strategies empower individuals to develop effective self-care approaches for long-term
disease management, which is critical for maintaining health-
related quality of life and optimal functioning in diseases such as
OA (3).
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SIGNIFICANCE & INNOVATIONS
• In contrast to prior studies, we found no substantial
ethnic/race differences in the use and number of
reported pain self-management strategies.
• This study supports previous research showing
greater report of clinical and experimental pain in
non-Hispanic Black patients (NHB) compared to
non-Hispanic White patients (NHW).
• This study reveals relationships between multiple
pain indices and self-management use and highlights
differences in the biopsychosocial mechanisms contributing to self-management use in older NHB and
NHW adults with osteoarthritis-related pain.
• Our findings advance global goals of understanding and developing mechanism-targeted self-
management strategies for pain.

Research shows that older adults engage in a number of SM
strategies to obtain pain relief (4); however, SM use varies greatly (7–9).
There is some indication that clinical pain severity (10), as well as
sociodemographic factors (e.g., ethnicity/race, sex, age, education)
(5,10,11), are related to the decision to use SM strategies and may be
driven by disparities in conventional medical care and greater disease
burden (12,13). Specifically, ethnic/racial minorities, such as non-
Hispanic Black patients (NHBs), report greater knee OA–related pain
and disability (14–17) but are less likely to receive or use guideline-
recommended pain interventions (18–20), including professionally
guided medical interventions (21–24), which may lead to greater SM
use. However, findings regarding ethnic/racial differences in SM use
for OA-related pain are inconsistent and poorly understood (5,11,25).
Importantly, little knowledge exists regarding how pain sensitivity is
related to use of SM for pain. Furthermore, coping styles may also
influence SM use in older adults with ongoing pain (26).
To improve health outcomes in older adults with OA pain,
understanding whether differences in individual pain responses
translate into different patterns of SM use for pain is important (4).
The elucidation of these relationships will improve our scientific
understanding of the biopsychosocial factors that enable a more
personalized selection of effective therapeutic approaches. The
primary aims of this study were to describe the prevalence and
patterns of use of SM strategies among older NHB and NHW
adults with or at risk for knee OA, and to explore associations
between the use of SM, clinical pain, and experimental pain sensitivity in each ethnic/racial group.

MATERIALS AND METHODS
Participants. The sample comprised community-dwelling
adults recruited between August 2015 and May 2017 for the
observational study Understanding Pain and Limitations in Osteoarthritic Disease–
2. Participants were ages 45-
85 years who
self-
identified as non-
Hispanic Black or non-
Hispanic White
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patients (NHW) and self-reported unilateral or bilateral knee pain
and screened positive for clinical knee OA (27). Given widespread
variability in OA definitions (28), we adopted this approach to be
as inclusive as possible in recruitment because our primary focus
was on understanding factors associated with knee pain and OA
progression.
Full recruitment, screening, and exclusion/inclusion criteria
have been reported (29,30). Briefly, individuals were recruited
using multiple advertising methods and were excluded based
on the following criteria: 1) prosthetic knee replacement, 2) heart
disease, congestive heart failure, or history of acute myocardial
infarction, 3) peripheral neuropathy, 4) systemic rheumatoid disorders, 5) chronic daily opioid use, or 6) hospitalization within the
preceding year for psychiatric illness. Institutional review boards at
the University of Florida and the University of Alabama, Birmingham, reviewed and approved all procedures prior to data collection. The methods and measures presented are limited to those
that address the study questions.
Procedures. Following a telephone screening, enrolled participants completed a health assessment session that included
informed consent, a health and pain history, sociodemographic
information, anthropometric measurements (e.g., height and
weight to calculate body mass index [BMI] as kg/m2), and
radiographs. After the health assessment session, participants
completed online questionnaires assessing knee symptoms.
Approximately 1 week later, participants completed quantitative
sensory testing led by trained experimenters to obtain measures
of pain sensitivity and in vivo coping during quantitative sensory
testing procedures.
A clinical assessment of the knee joint was completed by the
study’s rheumatologists or a trained examiner (RS). Radiographic
assessment of both knees was used to determine the severity of
radiographic OA. A fixed-flexion knee radiograph was taken with
the SynaFlex radiograph positioning frame (Synarc). With this platform, the feet were externally rotated 10°, the knees and thighs
touched the vertical platform anteriorly, and the radiograph beam
was angulated 10° caudally. Lateral and anteroposterior views
were taken with the participant standing. One of the study rheumatologists (RS) graded each radiograph on the basis of Kellgren/
Lawrence (K/L) criteria (31).
Measures: outcome. As the primary outcome, we
assessed the total current use of the following SM strategies:
massage, heat, ice, topical/ointments, vitamins/supplements (e.g.,
vitamin D, omega-3s, glucosamine), and other (any intervention
the patients considered to be SM for OA-related pain). OTC analgesics were also considered as SM for the purpose of descriptive
analysis (5). Strategies were summed to create a total SM use
score. Participants could report multiple SM strategies; scores
for the current sample for total SM use ranged from 0 to 10.
We also asked about the use of professionally guided medical
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interventions, including surgery, injections (hyaluronic acid, steroids, and other), and prescription analgesics (nonsteroidal antiinflammatory drugs [NSAIDs], non-
NSAIDs, muscle relaxers,
antidepressants, anticonvulsants, combination NSAIDs, and
prescription topical ointments). Participants were categorized as
using none, SM only, medical interventions only, or SM plus medical interventions for pain management in post hoc analyses.
Independent predictors. The Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) (32) is a 24-
item measure of lower-extremity pain and function in the past 48
hours. The multidimensional instrument consists of 3 subscales (i.e.,
clinical pain, stiffness, and physical functioning) assessing knee OA
symptoms over the preceding 48 hours that are summed to create
a total symptom burden score ranging from 0 to 96. Higher scores
reflect greater burden. The WOMAC is a well-validated measure of
lower-extremity pain and function in patients with OA (32,33).
The Revised Short Form McGill Pain Questionnaire
(SF-MPQ-2) assessed the quality of self-reported pain (34). The
SF-MPQ-2 consists of 22 pain descriptors rated on an 11-point
numeric rating scale (0 = none to 10 = worst possible), which make
Table 1.

up 4 subscales (continuous, intermittent, neuropathic, affective
descriptors). Subscale scores are computed by averaging across
items. A total pain score is computed by averaging participant ratings across all questions, ranging from 0 to 10, with higher scores
indicating more pain. The SF-MPQ-2 has been demonstrated to
be valid and reliable in clinical populations (34).
Quantitative sensory testing procedures included heat
and pressure pain testing. Heat pain testing was completed on
the medial joint line of the participants’ more painful knee and
on the ipsilateral ventral forearm (35). Heat stimuli were delivered using a 16 × 16–mm computer-controlled Medoc Pathway, TSA-II thermode. Heat temperatures gradually increased
(0.5°C/second) from a baseline of 32°C until participants
responded by pressing a button to indicate heat pain threshold
(first sensation of heat pain) and heat pain tolerance (the maximum stimulus intensity the participant was willing to tolerate)
(30). Pain ratings were assessed for heat pain threshold and
heat pain tolerance using a 0 (no pain) to 100 (most intense
pain imaginable) numeric rating scale. Pressure pain threshold
was assessed along the medial and lateral joint line of the index
knee, the ipsilateral quadriceps and trapezius muscle, with site

Sociodemographic and clinical characteristics by ethnicity/race*
Variable

Age, mean ± SD years
Sex
Male
Female
Education
Some high school
High school degree
2–4 years of college
Graduate/professional
Income, $†
0–19,999
20–39,999
40–59,999
60–99,999
≥100,000
Married/living with partner
Health insurance, yes
Testing site
UF
UAB
BMI, mean ± SD kg/m2
K/L grade†
0
1
2
3
4
No. of pain sites, mean ± SD
IVC passive, mean ± SD
IVC active, mean ± SD

Overall
(n = 202)

NHB
(n = 104)

NHW
(n = 98)

57.9 ± 7.6

56.47 ± 6.5

59.59 ± 8.5

79 (39.1)
123 (60.9)

45 (43.3)
59 (56.7)

34 (34.7)
64 (65.3)

15 (7.4)
86 (42.6)
72 (35.6)
29 (14.4)

11 (10.6)
51 (49.0)
33 (31.7)
9 (8.7)

4 (4.1)
35 (35.7)
39 (39.8)
20 (20.4)

87 (43.1)
37 (18.3)
31 (15.3)
26 (12.9)
17 (8.4)
76 (37.6)
169 (83.7)

57 (54.8)
23 (22.1)
8 (7.7)
10 (9.6)
3 (2.9)
26 (25.0)
88 (84.6)

30 (30.6)
14 (14.3)
23 (23.5)
16 (16.3)
14 (14.3)
50 (51.0)
81 (82.7)

132 (65.3)
70 (34.7)
31.9 ± 7.6

63 (60.0)
41 (39.4)
32.8 ± 7.8

69 (70.4)
29 (29.6)
30.9 ± 7.4

55 (27.2)
30 (14.9)
38 (18.8)
31 (15.3)
34 (16.8)
5.7 ± 3.7
2.8 ± 1.3
2.6 ± 0.8

28 (26.9)
8 (7.7)
24 (23.1)
17 (16.3)
19 (18.3)
5.8 ± 3.8
3.1 ± 1.3
2.7 ± 0.9

27 (27.6)
22 (22.4)
14 (14.3)
14 (14.3)
15 (15.3)
5.6 ± 3.7
2.5 ± 1.2
2.4 ± 0.7

P
0.005
0.212
–
–
0.013
–
–
–
–
<0.001
–
–
–
–
<0.001
0.706
0.142
–
–
0.076
0.043
–
–
–
–
–
0.699
0.011
0.011

* Values are the number (%) unless indicated otherwise. BMI = body mass index; IVC = In-Vivo
Coping questionnaire; K/L = Kellgren/Lawrence; NHB = non-Hispanic Black patients; NHW =
non-Hispanic White patients; UAB = University of Alabama; UF = University of Florida.
† Missing data.
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order counterbalanced. Using a digital, handheld, clinical-grade
pressure algometer (Algomed, Medoc), pressure was applied at
a constant rate (30 kPa/second) by a trained experimenter. Participants ended a trial by pressing a trigger to indicate when pain
first occurred or by reaching the uninformed maximum pressure
(600 kPa for knee, 1,000 kPa for quadriceps and trapezius).
The mean or trimmed mean from the 3 trials within 3°C (heat)
and 40 kPa (pressure) was computed for statistical analysis (30).
The In-Vivo Coping questionnaire consists of 7 items assessing
situational pain coping strategies used during the quantitative sensory
testing procedures. These include passive (e.g., pain catastrophizing;
“I felt that if the pain got any worse, I wouldn’t be able to tolerate it”),
and active (distraction; “I thought of other things to get my mind off
of the pain”) coping statements. Three additional statements assess
pain self-efficacy (e.g., “I felt able to control the pain”). Items are rated
on a 5-point Likert-type scale from 1 (“not at all”) to 5 (“very much”).
Passive and active coping subscale scores are the summed average of the items within each domain, with higher scores indicating
greater use of coping. The measure is unique in that it captures in-
the-moment coping instead of retrospective accounts, which has
been demonstrated to be more reliably associated with experimental
pain than retrospective coping measures (36).
Statistical analysis. Using SPSS software, version
25.0, data were checked for normality, outliers, and missing values prior to analysis. Missing data were considered
to be missing at random and listwise deletion was employed
Table 2.

in all analyses (37). Descriptive statistics summarized sociodemographic and clinical characteristics and the proportion of participants reporting each SM strategy by ethnicity/
race. Chi-square and analysis of variance identified ethnicity/
race differences in sociodemographic and clinical characteristics and SM use. Group differences across pain measures
were tested using multivariate analysis of variance/covariance. Given significant ethnicity/race differences in age,
education, and marital status, as well as their association
with clinical and experimental pain in prior research, these
variables along with sex, BMI, K/L grade, and study site were
included as covariates. Unadjusted and adjusted models are
reported. Multiple linear regression analyses were conducted
to explore the associations between total SM use and clinical and experimental pain. The total number of pain sites,
coping, age, sex, income, and K/L grade were included in
the models to assess other potential correlates of SM use.
Post hoc analyses included a series of 2 (ethnicity/race: NHB,
NHW) × 4 (pain management: none, SM, medical interventions, SM plus medical interventions) analysis of covariance
tests to examine potential interactions between ethnicity/
race and pain management strategy in terms of clinical and
experimental pain after controlling for site, age, sex, education, marital status, BMI, and K/L score. Bonferroni corrected multiple comparison tests were conducted following
significant main effects. P values less than 0.05 were considered significant.

Prevalence and patterns of SM across ethnicity/race*
Variable

Massage
Heat†
Ice†
Topical/ointments†
Vitamins/supplements
Vitamin D
Omega-3s
Glucosamine
Other
Acupuncture†
Yoga†
Chiropractic
Meditation
Prayer
Exercise†
Devices†
Rest
Elevation
No. of OTC analgesics†
0
1
2
Total SM strategies, mean ± SD
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Overall
(n = 202)

NHB
(n = 104)

NHW
(n = 98)

73 (36.1)
61 (30.2)
58 (28.7)
65 (32.2)

41 (39.4)
35 (33.7)
24 (23.1)
38 (36.5)

32 (32.7)
26 (26.5)
34 (34.7)
27 (27.5)

0.317
0.270
0.068
0.172

50 (24.8)
34 (16.8)
14 (6.9)

19 (18.3)
6 (5.8)
5 (4.8)

31 (31.6)
28 (28.6)
9 (9.2)

2 (1.0)
2 (1.0)
1 (0.5)
1 (0.5)
1 (0.5)
9 (4.5)
4 (2.0)
2 (1.0)
1 (0.5)

1 (1.0)
0 (0)
0 (0)
0 (0)
1 (1.0)
5 (4.8)
2 (2.0)
1 (1.0)
1 (1.0)

1 (1.0)
2 (2.0)
1 (1.0)
1 (1.0)
0 (0)
4 (4.1)
2 (2.0)
1 (1.0)
1 (1.0)

134 (66.3)
60 (29.7)
8 (4.0)
2.5 ± 2.0

69 (66.3)
30 (28.8)
5 (4.8)
2.4 ± 1.8

65 (66.3)
30 (30.6)
3 (3.1)
2.7 ± 2.2

0.028
<0.001
0.221
>0.80
–
–
–
–
–
–
–
–
–
0.802
–
–
–
0.186

P

* Values are the number (%) unless indicated otherwise. NHB = non-Hispanic Black patients;
NHW = non-Hispanic White patients; OTC = over-the-counter; SM = self-management.
† Clinical guideline recommended treatments.
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RESULTS
Participant characteristics. Racial composition of the
sample was comparable between NHBs (n = 104) and NHWs
(n = 98). The majority of the sample was female (60.9%), with
a mean ± SD age of 57.9 ± 7.6 and average BMI of 32 kg/m2.
The majority of participants reported health insurance coverage.
Age, education, income, marital status, and K/L grades differed
significantly between NHBs and NHWs (Table 1).
Ethnic/race group differences in SM. Overall, 37% of
participants reported using SM only, 13% reported using medical
interventions only, and 43% reported using both SM and medical
interventions for pain management (see Supplementary Table 1,
available on the Arthritis Care & Research website at http://online
library.wiley.com/doi/10.1002/acr.24396/abstract). A total of 74%
of NHBs (n = 77) and 72% of NHWs (n = 71) reported using at least
1 type of SM strategy (Table 2). Massage was the most common
type of mind–body practice reported. Chi-square analysis showed
that vitamin D (χ2[1] = 4.84, P < 0.05) and omega-3 (χ2[1] = 18.74,
P < 0.05) supplementation were significantly lower among NHBs
compared to NHWs. OTC analgesics were reported by ~34% of
the sample, with NSAIDs being the most reported.

Ethnic/race group differences in clinical pain.
Unadjusted models showed that NHBs reported greater clinical pain on all WOMAC and SF-MPQ-2 subscales (P < 0.001).
Clinical pain, as measured by the WOMAC or SF-MPQ-2, was
not significantly associated with total SM use in either NHBs
or NHWs.
Ethnic/race group differences in experimental
thermal pain of the knee. Knee heat pain threshold and heat
pain tolerance were significantly lower among NHBs compared to
NHWs (all P < 0.05). Heat pain threshold ratings were significantly
higher in NHBs compared to NHWs (P < 0.001). There were no
significant differences in ratings for heat pain tolerance between
the 2 ethnic/race groups.
Ethnic/race group differences in experimental
t hermal pain of the arm. Arm heat pain threshold and heat
pain tolerance were significantly lower in NHBs compared to
NHWs (all P < 0.001), with greater heat pain threshold ratings
compared to NHWs (P < 0.001). Thus, NHBs demonstrated
greater thermal pain sensitivity at the arm (an indicator of central
sensitization) compared to NHWs.

Table 3. Ethnic/race group differences in clinical and experimental pain*
Unadjusted
Measures
WOMAC
Pain
Stiffness
Physical function
SF-MPQ-2
Continuous
Intermittent
Neuropathic
Affective
Knee
HPTh, °C
HPTh pain
HPTol, °C
HPTol pain
Arm
HPTh, °C
HPTh pain
HPTol, °C
HPTol pain
PPT, kPa
Medial knee
Lateral knee
Quadriceps
Trapezius

Adjusted

NHB
(n = 104)

NHW
(n = 98)

F

η2p

F

η2p

9.1 ± 4.0
4.0 ± 1.8
30.2 ± 13.7

6.5 ± 4.1
2.7 ± 1.9
19.8 ± 13.4

19.8†
22.0†
27.8†

0.10
0.11
0.13

5.1‡
7.5§
9.8§

0.03
0.04
0.05

4.6 ± 2.4
3.8 ± 2.6
2.5 ± 2.4
3.2 ± 2.7

2.4 ± 2.3
1.9 ± 2.0
1.0 ± 1.4
1.3 ± 2.1

39.3†
28.5†
28.9†
26.9†

0.18
0.14
0.14
0.13

16.7†
9.9§
10.3§
11.0§

0.09
0.06
0.06
0.06

41.7 ± 3.4
38.3 ± 24.6
44.5 ± 2.8
63.5 ± 25.9

42.8 ± 3.4
24.8 ± 21.2
46.8 ± 1.9
63.1 ± 23.9

4.9‡
16.0†
43.5†
0.01

0.03
0.08
0.19
0.00

2.3
10.3§
31.2†
0.26

0.01
0.06
0.16
0.00

40.3 ± 3.7
31.1 ± 22.8
44.3 ± 2.7
60.2 ± 26.1

42.3 ± 3.5
20.2 ± 17.8
46.7 ± 2.3
59.0 ± 23.6

14.0†
13.1†
41.4†
0.11

0.07
0.07
0.18
0.00

10.8§
7.5§
30.8†
0.23

0.06
0.04
0.15
0.00

254.7 ± 129
278.2 ± 144.4
349 ± 177
223.7 ± 126.8

298.6 ± 145.4
328 ± 153.8
377.3 ± 183.5
280.7 ± 153.5

4.7‡
5.2‡
1.0
7.1§

0.03
0.03
0.00
0.04

2.9
2.4
0.4
2.7

0.02
0.01
0.00
0.02

* Values are the mean ± SD unless indicated otherwise. Covariates were age, sex, education, marital status, body mass index,
Kellgren/Lawrence grade, and study site. HPTh = heat pain threshold; HPTol = heat pain tolerance; NHB = non-Hispanic Black
patients; NHW = non-Hispanic White patients; pain = 0–100 pain rating; PPT = pressure pain threshold; SF-MPQ-2 = Revised
Short Form McGill Pain Questionnaire; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† P < 0.001.
‡ P < 0.05.
§ P < 0.01.
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Ethnic/race group differences in pressure pain
sensitivity. Pressure pain threshold was significantly lower in
NHBs at the medial and lateral knee joint line and the trapezius
compared to NHWs (P < 0.05) in unadjusted analyses. The majority of the observed group differences in pain remained significant
after controlling for covariates (Table 3). Thus, NHBs demonstrated
greater pressure pain sensitivity at local and distal sites.

use was negatively associated with passive coping in NHBs and
positively associated with the total number of pain sites in NHWs.
Post hoc analyses. Ethnicity/race by pain management
interaction effects were significant for several measures of pain
sensitivity: knee heat pain tolerance (F[1,179] = 3.0, P < 0.05, η2p =
0.05), arm heat pain threshold (F[1,183] = 3.1, P < 0.05, η2p = 0.05),
arm heat pain tolerance (F[1,183] = 3.4, P < 0.05, η2p = 0.06),
and medial knee pressure pain threshold (F[1,182] = 3.2, P < 0.05,
η2p = 0.05) (Figure 1). Across models, pain sensitivity was greatest
for NHBs using medical interventions only. No other significant
interactions emerged (see Supplementary Figures 1–3, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24396/abstract).

Associations between total SM use and experimental
pain. Knee heat pain tolerance (b = –0.27, P < 0.05) and
associated pain ratings (b = 0.33, P < 0.01) were significantly
related to total SM use in NHWs. Pain ratings for arm heat pain
threshold were significantly associated with total SM use in
NHBs (b = –0.48, P < 0.01). Arm heat pain tolerance trended
toward a statistically significant relationship with SM use in NHWs
(b = –0.27, P = 0.06). Ratings for arm heat pain tolerance were
significantly associated with total SM use in both NHBs (b = 0.41,
P < 0.05) and NHWs (b = 0.32, P < 0.05) (Table 4). Pressure pain
threshold at the medial (b = 0.23, P < 0.05) and lateral (b = 0.30,
P < 0.05) knee joint and trapezius (b = 0.25, P < 0.05) were positively associated with total SM use in NHBs. Results indicated differential associations of pain sensitivity and total SM use in NHBs
and NHWs.

DISCUSSION
The purpose of this study was to examine the use of SM
strategies for pain management among NHBs and NHWs with,
or at risk for, OA-related knee pain. A majority of participants
reported using at least 1 SM strategy to manage pain. Our findings support 1 prior study (5) by demonstrating nonsignificant differences between NHBs and NHWs for total SM use and minimal
differences across individual SM approaches (i.e., vitamin D and
omega-3 supplementation). This finding is an interesting contrast
to other studies reporting that NHBs are more likely than NHWs to
engage in SM for arthritis (38,39). Of note, both NHBs and NHWs
reported using treatments that have been conditionally recommended against (e.g., massage, vitamin D, and fish oil) in recent
clinical guidelines (3).

Other correlates of SM use. Passive coping (In-Vivo Coping questionnaire) was significantly inversely associated with total
SM use in NHBs, indicating that lower passive coping scores were
related to greater SM use (all P < 0.05) (Table 5). The total number of pain sites was significantly associated with total SM use in
NHWs (all P < 0.05) (Tables 4–5). In the current sample, total SM
Table 4.

Associations between total self-management use and clinical pain by ethnicity/race group*
WOMAC

Age
Sex
Income
Pain sites
K/L grade
IVC active
IVC passive
WOMAC
Pain
Stiffness
Physical function
SF-MPQ-2
Continuous
Intermittent
Neuropathic
Affective
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SF-MPQ-2

NHB

NHW

NHB

NHW

0.16 (0.0)
0.20 (0.4)‡
0.09 (0.2)
0.07 (0.1)
0.09 (0.2)
–0.19 (0.2)‡
0.12 (0.2)

0.42 (0.0)†
0.26 (0.4)§
0.12 (0.2)
0.29 (0.1)§
–0.20 (0.2)
0.15 (0.2)
0.03 (0.3)

0.17 (0.0)
0.20 (0.5)
0.07 (0.2)
0.04 (0.1)
0.12 (0.2)
–0.22 (0.2)‡
0.15 (0.3)

0.43 (0.0)†
0.28 (0.5)§
0.12 (0.2)
0.31 (0.1)§
–0.18 (0.2)
0.16 (0.2)
0.00 (0.3)

–0.14 (0.1)
0.23 (0.2)
–0.17 (0.0)

0.03 (0.1)
0.27 (0.2)
–0.15 (0.0)

–
–
–

–
–
–

–
–
–
–

–
–
–
–

–0.25 (0.2)
0.14 (0.2)
0.04 (0.2)
0.1 (0.1)

0.21 (0.2)
–0.03 (0.2)
–0.01 (0.3)
–0.08 (0.2)

* Values are b (SE). IVC = In-Vivo Coping questionnaire; K/L = Kellgren/Lawrence; NHB = non-Hispanic
Black patients; NHW = non-Hispanic White patients; SF-MPQ-2 = Revised Short Form McGill Pain
Questionnaire; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† P < 0.001.
‡ P = 0.06.
§ P < 0.01.

0.20 (0.1)
–0.19 (0.0)
–0.27 (0.1)¶
0.33 (0.0)‡

–
–
–
–

–
–
–
–

–0.10 (0.1)
–0.29 (0.0)†
0.08 (0.1)
0.22 (0.0)

–
–
–
–

–
–
–
–

–
–
–
–

0.17 (0.1)
–0.48 (0.0)‡
–0.00 (0.1)
0.41 (0.0)‡

–
–
–
–

0.20 (0.0)†
0.28 (0.4)¶
0.13 (0.2)
0.02 (0.1)
0.10 (0.2)
0.17 (0.2)
–0.14 (0.1)

NHB

–
–
–
–

0.23 (0.0)¶
–
–
–

–
–
–
–

–
–
–
–

–
–
–
–
0.18 (0.1)
–0.18 (0.0)
–0.27 (0.1)†
0.32 (0.0)¶

0.15 (0.0)
0.28 (0.4)¶
0.13 (0.2)
0.07 (0.1)
0.07 (0.2)
0.1 (0.2)
–0.21 (0.1)¶

NHB

–0.05 (0.0)
–
–
–

–
–
–
–

–
–
–
–

0.41 (0.0)§
0.26 (0.5)¶
0.1 (0.1)
0.34 (0.1)‡
–0.15 (0.2)
0.02 (0.3)
0.13 (0.2)

NHW

PPT (medial)

0.34 (0.0)‡
0.24 (0.5)¶
0.10 (0.1)
0.32 (0.1)‡
–0.13 (0.2)
–0.05 (0.3)
0.10 (0.2)

NHW

Thermal (arm)

–
0.30 (0.0)‡
–
–

–
–
–
–

–
–
–
–

0.15 (0.0)
0.24 (0.4)¶
0.15 (0.2)
0.03 (0.1)
0.11 (0.2)
0.1 (0.2)
–0.20 (0.1)†

NHB

–
0.13 (0.0)
–
–

–
–
–
–

–
–
–
–

0.38 (0.0)§
0.32 (0.5)‡
0.05 (0.1)
0.35 (0.1)‡
–0.14 (0.2)
0.03 (0.3)
0.15 (0.2)

NHW

PPT (lateral)

–
–
0.13 (0.0)
–

–
–
–
–

–
–
–
–

0.15 (0.0)
0.23 (0.4)¶
0.09 (0.2)
0.05 (0.1)
0.1 (0.2)
0.10 (0.2)
–0.22 (0.1)¶

NHB

–
–
0.15 (0.0)
–

–
–
–
–

–
–
–
–

0.39 (0.0)§
0.32 (0.5)§
0.07 (0.1)
0.36 (0.1)§
–0.14 (0.2)
0.04 (0.3)
0.13 (0.2)

NHW

PPT (quadriceps)

–
–
–
0.25 (0.0)¶

–
–
–
–

–
–
–
–

0.16 (0.0)
0.25 (0.4)¶
0.12 (0.2)
0.07 (0.1)
0.07 (0.2)
0.07 (0.2)
–0.16 (0.1)

NHB

–
–
–
0.12 (0.0)

–
–
–
–

–
–
–
–

0.39 (0.0)§
0.31 (0.4)‡
0.06 (0.1)
0.37 (0.1)§
–0.14 (0.2)
0.02 (0.3)
0.16 (0.2)

NHW

PPT (trapezius)

* Values are b (SE). HPTh = heat pain threshold; HPTol = heat pain tolerance; IVC = In-Vivo Coping questionnaire; K/L = Kellgren/Lawrence; Lateral = lateral joint line for index knee; Medial
= medial joint line for index knee; NHB = non-Hispanic Black patients; NHW = non-Hispanic White patients; PPT = pressure pain threshold; Quads = quadriceps ipsilateral to index knee; SM
= self-management; Trap = trapezius ipsilateral to index knee.
† P = 0.06.
‡ P < 0.01.
§ P < 0.001.
¶ P < 0.05.

0.24 (0.0)†
0.19 (0.4)
0.1 (0.2)
0.06 (0.1)
0.11 (0.2)
0.11 (0.3)
–0.18 (0.1)

0.24 (0.0)†
0.19 (0.4)
0.1 (0.2)
0.06 (0.1)
0.11 (0.2)
0.11 (0.3)
–0.18 (0.1)

Age
Sex
Income
Pain sites
K/L grade
IVC active
IVC passive
Knee
HPTh
HPTh pain
HPTol
HPTol pain
Arm
HPTh
HPTh pain
HPTol
HPTol pain
PPT
Medial
Lateral
Quads
Trap

NHW

NHB

Variable

Thermal (knee)

Table 5. Associations between total SM use and experimental pain by ethnicity/race group*
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B

51

48

45

45

42
39

33

NHB

D

NHB

NHW

400
350

Medial Knee PPT

48

Arm HPTol

39

33

NHW

51

45
42
39
36
33

42

36

36

C

51

48

Arm HPTh

Knee HPTol

A
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300
250
200
150
100
50

NHB

0

NHW
none

SM

NHB
MI

NHW

SM + MI

Figure 1. Significant ethnicity/race by pain management interaction effects on experimental pain measures, with results shown for knee heat
pain tolerance (HPTol) (A), arm heat pain threshold (HPTh [B]), arm HPTol (C), and medial knee pressure pain threshold (PPT) (D). MI = medical
interventions only; NHB = non-Hispanic Black patients; NHW = non-Hispanic White patients; none = no reported pain management; PPSM =
self-management only.

NHBs and NHWs in the current sample did not differ in their
use of OTC analgesics to self-
manage OA-
related pain, with
~66% of both groups reporting no OTC analgesics, and ~30%
reporting 1 OTC analgesic (5). Of those reported, NSAIDs were
predominant, which is in line with clinical guidelines (3). The low
reported use of OTC analgesics was not offset by high rates of
prescription analgesics. Only 25% of participants in both ethnic/
race groups reported taking 1 prescription analgesic, and ~70%
of participants in both groups reported taking no prescription
analgesics for OA-related pain. This finding is noteworthy given
the differences in reported clinical pain and may be indicative of
undertreatment among NHBs. Consistent with previous research
(15,17,40), clinical and experimental pain were significantly higher
in NHBs compared to NHWs, despite no significant differences in
radiographic disease severity.
Total SM use was significantly associated with some mea
sures of experimental pain in both ethnic/race groups. Thermal
pain sensitivity at the knee was associated with total SM use in
NHWs. Thermal pain sensitivity at the arm (a distal test site) was
correlated with the total number of SM strategies in both NHBs
and NHWs. Increased pain sensitivity at a site distal to the affected
joint is thought to be an indicator of central sensitization (41), pain
hypersensitivity characterized by endogenous alterations in pain
facilitation, pain inhibition, or both. Like previous research (17,30),
NHBs in the current sample demonstrated evidence for central
sensitization compared to NHWs, as evidenced by lower heat

pain threshold and tolerance levels yet higher pain ratings during
testing at both the arm and knee compared to NHWs. Furthermore, pain pressure sensitivity at the knee and trapezius were
positively associated with total SM use in NHBs. Findings indicate
that peripheral and central hyperalgesia may be related to SM use
in this population.
Among NHWs, the total number of pain sites was positively
associated with total SM use. Individuals with more widespread
pain may engage in more SM activities to mitigate symptoms. This
relationship was not evident among NHBs. Among NHBs, lower
levels of passive coping were associated with a greater number
of reported SM strategies for OA-related pain. This finding is in
line with research indicating that more adaptive coping styles contribute to the use of multiple SM strategies for chronic conditions
(26). The important difference to consider here is that the drivers
of SM use may differ between NHWs and NHBs; for NHWs, the
biologic impact (i.e., number of pain sites) was associated with
SM, whereas for NHBs, psychosocial processes (i.e., coping)
were associated with SM. These findings highlight potential differences in the underlying biopsychosocial mechanisms contributing
to SM use in older NHB and NHW adults with musculoskeletal
pain. Further research is needed to replicate these findings and
determine whether these factors represent malleable treatment
targets. Indeed, a recent study with NHBs showed that adaptive
coping skills interventions for OA improves coping, self-efficacy,
and perceived ability to manage chronic pain (42).
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The type of SM strategy used also possibly influences or modifies central and peripheral pain mechanisms and vice versa,
which may therefore influence SM uptake. This consideration is
important because not only can the type, frequency, or combination thereof influence the analgesic effect, but also because conditions such as central sensitivity may impact the strategy’s efficacy/
perceived efficacy. While the current sample was too small to investigate this relationship, prior studies observing in vivo coping using
active and passive prayer and experimental pain sensitivity found
that the active prayer group displayed higher cold pain tolerance
than passive and no prayer groups (43). Similarly, in our study, in
vivo passive coping was associated with SM use in NHBs, who
typically use prayer at greater rates than NHWs (44). These findings
suggest a potential association between SM, coping, and experimental pain sensitivity. From a psychosocial view, SM may influence a person’s coping and adaptation system, thus changing their
perception of pain and pain tolerance. SM strategies may influence
pain by engaging central inhibitory processes, resulting in actual or
perceived pain reductions. Together, these top-down (descending)
and bottom-up (ascending) pathways modulate and shape how
pain is experienced and how relief from SM is experienced.
While exploratory, our findings regarding ethnicity/race by
pain management interaction effects are worth noting. Importantly, NHBs reporting only medical interventions for pain showed
increased pain sensitivity at the knee and arm compared to NHWs.
These findings suggest that medical interventions alone may not
provide sufficient analgesia to mitigate pain, and the findings highlight the need for multimodal analgesia. While we can only speculate regarding the direction of this association, promoting the use
of SM possibly reduces pain sensitivity, particularly among NHBs.
Further, people with evidence of central sensitization may be particularly suited for a combination of select SM and medical interventions strategies, especially nonpharmacologic approaches.
These findings highlight possible mechanistic factors warranting further investigation regarding the influence of SM behaviors on endogenous pain processes. Current scientific priorities for
the National Institutes of Health involve understanding the mechanisms and management of chronic pain, and our findings indicate
the need for future research on the intersection of biologic mechanisms and behavioral/psychosocial pain SM. There is growing
evidence and guidelines to support the use of SM approaches
for chronic musculoskeletal pain (45), yet more research will help
determine more precise treatment targets, particularly those that
can help mitigate disparities in pain and treatment outcomes.
Limitations of this study must be considered when interpreting findings, including the use of community-based recruitment
strategies, which may have resulted in sampling bias. The lack of
significant differences between use of SM and OTC medications
by NHBs and NHWs may indicate that the current sample is not
representative of the general population or that cultural differences
in pain management behaviors may be decreasing. The small
sample size and the self-report nature and heterogeneity of SM

JOHNSON ET AL

strategies assessed (and their frequency) may have hindered our
ability to detect meaningful differences or relationships. In addition, we may have omitted important SM strategies. Given the
nature of this study, an observational exploratory study, causality
cannot be established between SM use and central sensitization.
Patients using opioids daily were excluded, and thus we were
unable to explore opioid-induced hyperalgesia with experimental
pain responses. Last, data regarding the comprehensiveness of
insurance coverage could greatly assist in determining its role in
the choice to use SM for pain in this population. Despite these
limitations, there are notable strengths of this study, including the
use of a robust data set that included comparable numbers of
older NHB and NHW adults with or at risk for knee OA. Another
strength is that we were able to investigate a wide range of SM
and medical interventions. More research is needed in this exciting
area to further elucidate associations between pain mechanisms
and SM use and their influence on health outcomes.
SM is important for managing knee OA–related pain, and SM
use patterns are influenced by multiple individual characteristics.
To our knowledge, this is the first study to examine the association
between SM and experimental pain, introducing an opportunity
for more targeted research on the role of biologic pain mechanisms and specific SM efficacy. Given the growing need for multimodal pain management strategies in OA, identifying factors
independently associated with SM is critical to improve health
outcomes and reduce health disparities through targeted treatment approaches.
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Relationship Between Magnetic Resonance Imaging
Features and Knee Pain Over Six Years in Knees Without
Radiographic Osteoarthritis at Baseline
Karin Magnusson,1

Aleksandra Turkiewicz,2

Jaanika Kumm,3 Fan Zhang,2 and Martin Englund4

Objective. To explore whether magnetic resonance imaging (MRI) features suggestive of knee osteoarthritis (OA)
are associated with presence of knee pain in possible early-stage OA development.
Methods. We included 294 participants from the Osteoarthritis Initiative (mean ± SD age 50 ± 3 years; 50%
women) with baseline Kellgren/Lawrence grade of 0 in both knees, all of whom had received knee MRIs at 4 different
time points over 6 years (baseline, 24, 48, and 72 months). Using a linear mixed model (knees matched within
individuals), we studied whether MRI features (meniscal body extrusion [in mm], cartilage area loss [score 0–39],
cartilage full thickness loss [range 0–16], osteophytes [range 0–29], meniscal integrity [range 0–10], bone marrow
lesions [BMLs] including bone marrow cysts [range 0–20], Hoffa-or effusion-synovitis [absent/present], and popliteal
cysts [absent/present]) were associated with knee-specific pain as reported on the Knee Injury and Osteoarthritis
Outcome Score (KOOS) questionnaire using a 0–100 scale (worst to best).
Results. The differences in KOOS knee pain score for a knee with a 1 unit higher score on MRI were the following:
meniscal extrusion –1.52 (95% confidence interval [95% CI] –2.35, –0.69); cartilage area loss –0.23 (95% CI –0.48,
0.02); cartilage full thickness loss –1.04 (95% CI –1.58, –0.50); osteophytes –0.32 (95% CI –0.61, –0.03); meniscal
integrity –0.28 (95% CI –0.58, 0.02); BMLs including potential cysts –0.19 (95% CI –0.55, 0.16); synovitis 0.23 (95%
CI –1.14, 1.60); and popliteal cysts 0.86 (95% CI –0.56, 2.29).
Conclusion. Meniscal extrusion, full thickness cartilage loss, and osteophytes are associated with having more
knee pain. Although these features may be relevant targets for future trials, the clinical relevance of our findings is
unclear because no feature was associated with a clinically important difference in knee pain.
INTRODUCTION
Most attention in osteoarthritis (OA) research has been
focused on subjects after radiographic evidence of the disease
has become evident, which represents relatively late stages of
the disease. Hence, significant effort has been invested in studies
to determine factors relevant to OA progression and the relationship between structural features and pain (1). Much less investigated are the early preradiographic stages of the disease (1); for

instance, in the knee, what determines the development of the
first structural changes, knee pain, and a clinically relevant early
knee OA diagnosis?
We recently reported that the prevalence of OA based
on magnetic resonance imaging (MRI) and a radiograph-based
definition (Kellgren/Lawrence [K/L] grade ≥1) of knee OA was similar after 6–8 years in a group with versus without typical OA risk
factors and knee pain at baseline (2). The findings imply that incidental findings are highly frequent, and there is very limited utility
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SIGNIFICANCE & INNOVATIONS
• Magnetic resonance imaging features of meniscal
extrusion, full thickness cartilage defects, and osteophytes are associated with increased knee pain
when adjusted for all person-level confounders.
• The current findings shed new and important light
on early disease processes in osteoarthritis, i.e., before radiographic changes are manifest.

of these imaging modalities in the clinical setting for OA diagnostic purposes. However, there were some interesting differences
in prevalence of MRI-based OA between groups at baseline and
1–4 years that warrant further investigations (2).
It can be hypothesized that the presence of MRI features
such as meniscal integrity, meniscal body extrusion, cartilage area
loss, cartilage full thickness loss, bone marrow lesions (BMLs)
including bone marrow cysts (BMCs), osteophytes, effusion-or
Hoffa-synovitis, and popliteal cysts are associated with knee pain.
Improved knowledge of any potential association of these early
OA features with joint pain is relevant for improving understanding
of the early pathogenesis of OA and potential suitable targets for
intervention aimed at structure modification. However, knee pain
is a challenging outcome to study as it is highly subjective, variable
over time, and influenced by factors that are difficult to measure,
such as generalized pain, psychological conditions, treatments, or
coping strategies. This unique individual experience of pain may
obscure potential associations between knee-
specific features
and knee-specific pain. One solution to some of these challenges
is a so-called within-person design in which knees are matched
within each individual (3).
In this study, we therefore used a sample with all knees having K/L grade 0 at baseline and aimed to explore whether the
MRI features of meniscal integrity, meniscal body extrusion, cartilage area loss, cartilage full thickness loss, BMLs including BMCs,
osteophytes, effusion-or Hoffa-synovitis, and popliteal cysts are
associated with presence of clinically relevant knee pain using a
within-person design. Under the assumption that a within-person
design can omit person-level confounding, we hypothesized that
these MRI features are causally associated with knee pain.

PATIENTS AND METHODS
We included 294 participants from the Osteoarthritis Initiative
(OAI), which is a longitudinal observational study with data available
for public access at http://www.oai.ucsf.edu/ (see Supplementary
Appendix A, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24394/abstract). In
the current study, we included data from 4 different time points
over a total of 6 years: baseline, 24, 48, and 72 months. Inclusion criteria were age between 45 and 55 years, no radiographic
tibiofemoral OA of either knee at baseline (K/L grade 0 based on
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central readings), and not being in the “normal” control group. This
resulted in 492 participants available. Furthermore, we required
available MRIs at baseline, 24, 48, as well as the 72-
month
follow-up (all with complete imaging data), which resulted in 300
eligible individuals. Of those, 6 were excluded due to issues with
MRI quality, resulting in our study sample of 294 participants. The
participants all had at least 1–2 risk factors for knee OA, such
as obesity, previous knee trauma and/or surgery, family history
of total knee joint replacement, presence of Heberden’s nodes,
or repetitive knee bending (≥1 risk factor if age 45–49 years, and
obesity or ≥2 risk factors if age 50–55 years). Participants were
allowed to have knee pain or other knee symptoms at baseline but
were not required to have them. At baseline, 28 participants (10%)
had reported an affirmative response to the question, “Doctor said
you had osteoarthritis/degenerative arthritis in knee.”
The OAI has been approved by the institutional review boards
for the University of California, San Francisco and the 4 clinical
centers (University of Pittsburgh, Ohio State University, University
of Maryland, Baltimore, and Memorial Hospital of Rhode Island)
(approval number 10-00532). All participants gave informed consent to participate in the study. Patients or the public were not
involved in the design or conduct of this study.
Outcome variable. We studied knee pain for the right
and left knee as reported on the Knee Injury and Osteoarthritis
Outcomes Score (KOOS) questionnaire (4). The pain domain in
the KOOS questionnaire assesses the frequency and severity
of knee pain during rest and different activities such as bending
and straightening the knee. The sum score of 100 represents no
knee pain, and 0 represents the most severe knee pain. We also
studied tenderness upon palpation of the medial and lateral tibiofemoral (TF) joint line as well as pain upon patellar grind of the
patellofemoral (PF) joint.
MRI protocol, MRI readings, and definitions of MRI
exposure variables. MRI scans were obtained for the left and
right knee for each OAI visit (baseline, 24, 48, and 72 months)
using Trio 3.0T MRI scanners (Siemens) and quadrature transmit–
receive extremity radiofrequency coils. All images were read paired
with knowledge of time sequence by 1 radiologist (JK) according to the MRI OA Knee Score (MOAKS) scoring system apart
from meniscal integrity, for which a more detailed tear categorization was performed (5). Meniscal body extrusion was measured on a continuous scale in millimeters by another observer,
an orthopedic surgeon (FZ). The readers were blinded to clinical
data, and 30 randomly selected participants’ knees were reassessed with intraobserver reliability, as reported previously (6,7).
The MOAKS features of area of cartilage damage (%), full thickness cartilage damage (%), BMLs/BMCs (% volume in subregion),
osteophytes, effusion-
synovitis, Hoffa-
synovitis, and popliteal
cysts were scored for the different subregions in the articular
TF and PF compartments (5). These grades were subsequently
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summed over subregions to form a feature-specific indicator independent of site. Thus, for our analyses, area of cartilage area loss
and full thickness loss were each based on a sum of grade 0–3 in
14 subregions (analysis scales 0–42) BMLs/BMCs (analysis scale
0–45) were sums of grades 0–3 in 15 subregions, osteophytes
(analysis scale 0–36) was a sum of grades 0–3 in 12 subregions.
Effusion-synovitis and Hoffa-synovitis were combined into 1 variable and dichotomized. Unfortunately, the distribution of the former
(Hoffa-and effusion-synovitis) did not enable fitting a between–
within model with this exposure as an ordinal variable. Popliteal
cysts were also dichotomized into present (grade ≥1) or absent
(grade 0). Our semiquantitative meniscal scoring (more detailed
than MOAKS) included both intrameniscal signal (grade 0–
3),
type of meniscal tear (longitudinal, horizontal, oblique/parrot beak,
complex, radial, root tear) and its extent (grade 0–3), respectively,
as well as destruction, maceration, or prior resection (grade 0–3)
in each of the 3 subregions (anterior horn, body, posterior horn) of
each meniscus. We then constructed a 6-item (range 0–5) ordered
categorical variable for each meniscus (meniscal integrity score;
see Supplementary Appendix A, available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24394/abstract). The meniscal integrity scores for each meniscus were summed (yielding the analysis scale 0–10 on knee level). The aim of this meniscal integrity
exposure variable was to roughly rank severity of change (higher
grade being worse) with emphasis on early changes in a relatively
healthy cohort (K/L grade 0 knees) to avoid loss of information,
for instance, when dichotomizing the exposure variable (damage/
no damage). Meniscal body extrusion was analyzed as a continuous measure in millimeters.
Statistical analyses. We initially studied the average difference in KOOS scores for individuals having smaller versus larger
differences in MRI features between their knees. We subsequently
called linear between–
within model to estimate the
used a so-
causal effect of the structural abnormalities in the knee on the concurrent presence of knee pain at the same time point (under the
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assumptions described below). In the model, 2 knees from the
same individual at the same time points were analyzed paired, while
data from the 4 different follow-up visits for each participant were
treated as repeated measurements of this matched knee design
(8). Thus, the analysis model was mixed linear regression with
nested random intercepts for participant and follow-up time point
and unstructured covariance matrix. The fixed effects included the
knee-specific exposure of interest, the average exposure from 2
knees from the participant at a specific time point, knee side, and
follow-up time point (9). Furthermore, additional confounders were
adjusted for according to the specifications below. This means that
we studied differences in the MRI feature and differences in knee
pain within the same individual, that is, the estimates obtained
represent the associations between each MRI feature and knee
pain in the same knee in the same person. Also, we assumed that
the knees were nested within follow-up occasions, and follow-ups
were nested within persons, ensuring an efficient adjustment for
confounding person-level factors such as body mass index (BMI),
genetics, pain sensitization, and mental factors.
For each of the MRI features described, we estimated 3 such
between–within models. Model 1: The crude association between
each structural factor and knee pain in the same knee at the same
OAI visit without adjusting for presence of other structural factors.
Model 2: The total causal effects of the specific MRI features on
knee pain in the same knee at the same OAI visit when adjusted
for confounders as specified in a directed acyclic graph (DAG)
representing a meniscal pathway to OA (Figure 1) (10–12). This
hypothetical pathway assumes meniscal pathology to be an
early event leading to biomechanical failure of the knee joint. The
assumptions are based on previous knowledge and derived logic
(10,13–18). In this model, we did not adjust for mediators; that is,
the causal effects estimated could be interpreted as total causal
effects that could not be confounded or mediated through other
MRI features if our DAG is correct (Figure 1). To adjust for cartilage
damage, we used the sum score for full thickness loss, as it had
a stronger association with pain than cartilage area loss in model

Figure 1. Directed acyclic graph (DAG) depicting the assumptions of causal pathways between magnetic resonance imaging features and
knee pain. The DAG implies the following adjustments for obtaining total causal effects: meniscal tear (no adjustment required); meniscal
extrusion (adjustment for meniscal tear); cartilage damage (adjustment for meniscal tear and meniscal extrusion); bone marrow lesion (BML)
and bone marrow cyst (BMC) (adjustment for meniscal tear, meniscal extrusion, and cartilage damage); osteophytes (adjustment for meniscal
tear and meniscal extrusion); synovitis (adjustment for meniscal tear and meniscal extrusion); and popliteal cysts (adjustment for meniscal tear,
meniscal extrusion, and synovitis).
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Table 1.

Baseline characteristics of included patients and knee joints*
Characteristic

Age, mean ± SD years
Women, no. (%)
BMI, mean ± SD kg/m2
Knee injury, no. (%)
Sum score of meniscal integrity
Meniscal extrusion, mm
Sum score of cartilage area loss
Sum score of cartilage full thickness loss
Sum score of BMLs (including cysts)
Sum score of osteophytes
Effusion-or Hoffa-s ynovitis present, no. (%)
Popliteal cyst present, no. (%)
KOOS pain score, mean ± SD

Value

Right knees
(n = 294)

Left knees
(n = 294)

50.5 ± 2.9
146 (49.7)
27.1 ± 4.5
–
–
–
–
–
–
–
–
–
–

–
–
–
96 (33)
0 (0–2)
2.6 (1.9–2.9)
4 (2–8)
0 (0–1)
1 (0–2)
0 (0–2)
174 (59)
83 (28)
88 ± 15

–
–
–
83 (29)
1 (0–2)
2.2 (1.8–2.9)
4 (1–7)
0 (0–1)
1 (0–2)
0 (0–2)
166 (56)
71 (24)
90 ± 14

* Values are the median (interquartile range [1st and 3rd quartile]) unless indicated otherwise. Four right and left knees
had missing data on knee injury status. BMC = bone marrow cyst; BMI = body mass index; BMLs = bone marrow lesions;
KOOS = Knee Injury and Osteoarthritis Outcome Score.

1. Model 3: The direct causal effects of the specific MRI features
on knee pain in the same knee at the same OAI visit that could not
be confounded nor mediated by each other; that is, each feature
was adjusted for all other features. Again, the cartilage damage full
thickness loss sum score was used to adjust for cartilage damage.
In all analyses, we assumed that the effect of structural features on pain was immediate, because previous pain is unlikely
to cause incident MRI features. We also assumed that previous
MRI features do not confound the effect on current knee pain
as it is fully mediated by current MRI features. We had these
assumptions for all time points, which were incorporated in the
same model; thus, we could utilize the longitudinal data in our
study but still examine the immediate effect of an MRI feature
on knee pain. Any confounding due to central sensitization and/
or mixing up of within and between knee effects is adjusted for
using the between–within approach (8,19). In a sensitivity analysis,
instead of using sum of scores, we dichotomized each MRI exposure as present (grade 1 or higher) or absent (grade 0); meniscal
extrusion was treated as present if ≥3 mm. In this analysis, we
created separate variables for BMLs and BMCs from the MOAKS
grading system to avoid excessive loss of information.
Also, in a sensitivity analysis, we repeated the analyses
using medial and lateral TF joint line tenderness and PF pain
as outcome (still in the same knee) using compartment-specific
MRI features as exposure variables (medial and lateral TF compartment, PF compartment). We have presented all estimates
with 95% confidence intervals, as estimated through mixed
effects models, and assessed whether the estimates were above
the minimum clinically important difference (MCID; for the KOOS
only). All analyses were performed using Stata MP, version 15.

RESULTS
The longitudinal MRI data from the 294 participants had
0–
0.9% missing values for the different constructs that we

evaluated. The mean age was 50 years, and 50% were women
(Table 1). Of the individuals included, 30 (10%) developed K/L
grade 1 in least 1 knee, while 20 (7%) developed K/L grade ≥2 in at
least 1 knee during the follow-up time. In plotted data of observed
within-person differences in knee pain for differently exposed knees,
the knees with more meniscal extrusion, full thickness cartilage
damage, and osteophytes tended to be more painful than knees
with less meniscal extrusion, less full thickness cartilage damage,
and fewer osteophytes, whereas little association was observed
between within-person differences in knee pain and differences
in meniscal integrity score and BMLs including potential cysts (see
Supplementary Figure 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24394/
abstract). KOOS knee pain was highly variable over time (see Supplementary Figure 2, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24394/
abstract). For the binary exposures, the mean ± SD KOOS knee
pain score for persons with 1 knee with synovitis and the other
knee without synovitis at baseline (n = 74) was 89.7 ± 12.8 and
89.3 ± 12.5, respectively. The mean ± SD KOOS knee pain score
for participants with knees with versus without popliteal cysts at
baseline (n = 76) was 92.8 ± 9.6 and 90.8 ± 10.4, respectively.
The effect of specific MRI features on knee pain.
Using a linear mixed model with KOOS knee pain as outcome,
increased meniscal extrusion, cartilage damage, and osteophytes
were associated with worse knee pain both in crude analyses and
in total and direct causal effect analyses (Table 2 and Supplementary Table 1, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24394/abstract).
None of the effect estimates of the MRI features were above
the MCID of 10 KOOS points for established knee OA. However, the maximum within-person difference in meniscal extrusion
observed, 4.5 mm, implies –
6.9 KOOS points more knee pain
(Table 2, direct effect analysis). This is above the MCID of 6 KOOS
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Table 2. The difference (B) in Knee Injury and Osteoarthritis Outcome Score (KOOS) pain score between 2 knees per 1 score
difference in magnetic resonance imaging (MRI) feature with 95% confidence intervals (95% CIs)*
Crude,
B (95% CI)

Total causal effects,
B (95% CI)†

Direct causal effects,
B (95% CI)‡

–0.39 (–0.69, –0.09)
–1.56 (–2.39, –0.73)
–0.45 (–0.67, –0.22)
–1.37 (–1.88, –0.85)
–0.38 (–0.73, –0.03)
–0.52 (–0.79, –0.25)
–0.07 (–1.46, 1.31)
0.89 (–0.55, 2.33)

Same as crude
–1.49 (–2.32, –0.66)
–0.41 (–0.64, –0.19)
–1.34 (–1.85, –0.82)
–0.24 (–0.59, 0.11)
–0.50 (–0.78, –0.23)
0.05 (–1.33, 1.43)
0.97 (–0.46, 2.41)

–0.28 (–0.58, 0.02)
–1.52 (–2.35, –0.69)
–0.23 (–0.48, 0.02)
–1.04 (–1.58, –0.50)
–0.19 (–0.55, 0.16)
–0.32 (–0.61, –0.03)
0.23 (–1.14, 1.60)
0.86 (–0.56, 2.29)

MRI feature (observed score)
Sum score of meniscal integrity (range 0–10)
Meniscal extrusion (range 0.4–7.5 mm)
Sum score of cartilage area loss (range 0–39)
Sum score of cartilage full thickness loss (range 0–16)
Sum score of BMLs (including cysts) (range 0–20)
Sum score of osteophytes (range 0–29)
Effusion-or Hoffa-synovitis (present/absent)
Popliteal cysts (present/absent)

* BMLs = bone marrow lesions.
† Adjusted according to directed acyclic graph (see Figure 1).
‡ Adjusted for all features (cartilage full thickness [not area] loss was used to adjust for cartilage damage status). The estimates should
be interpreted as the difference in knee pain between knees in the same person for the knee that has a 1 unit increase in the MRI
feature in question relative to the other knee when averaged over all Osteoarthritis Initiative visits for that patient.

points for knee injury (20–22). Similarly, a knee with 5–10 grades more
cartilage full thickness loss would be 5–10 KOOS points more painful, respectively (Table 2, direct effect analyses). To further check the
robustness of these findings, we used dichotomized exposures; that
is, each of the MRI features was classified as present or absent.
In these analyses, in addition to meniscal extrusion, cartilage full
thickness loss and osteophytes, meniscal signal, and BMLs (here,
excluding BMCs) were associated with knee pain. However, the estimates of the association between the MRI features and knee pain
excluded differences of potential clinical relevance (Table 3).
Our sensitivity analyses using compartment-specific MRI features and medial, lateral joint line tenderness as well as patellar
tenderness as outcomes were mostly inconclusive on the association between compartment-specific meniscal extrusion, cartilage
damage or osteophytes, and medial or lateral joint line tenderness
and patellar tenderness (Table 4).

DISCUSSION
Using a cohort free of radiographic knee OA at baseline, we
have evaluated the relevance of present MRI features on knee
Table 3.

pain using a within-person design. We found that meniscal extrusion, full thickness cartilage defects, and osteophytes were associated with increased knee pain, while the size of the effect was
low when considered in an MCID framework. These features displayed effects on knee pain according to KOOS score that may be
considered clinically relevant for knee injury but not for established
knee OA.
The current findings shed new and important light on early
disease processes in OA, i.e., before radiographic changes are
manifest. Of particular novelty is our analytic approach, which
omits person-level confounding and assesses the extent to which
any observed association between MRI features and knee pain
could be considered clinically relevant both from the perspective
of knee injury and from the perspective of established OA. Thus,
our findings may provide important guidance for further research
of targets for early disease prevention. In that regard, the cutoff
for what can be considered a clinically relevant difference in knee
pain can be questioned. We are not aware of studies that explore
the MCID for a patient population representative of the current
study. Because we studied patients exclusively with K/L grade 0
at baseline who may have had, but may also not have had a prior

Results from regression modeling with dichotomized exposures*

Meniscal signal or tear
Meniscal extrusion ≥3 mm
Cartilage area loss
Cartilage full thickness loss
BMLs (excluding cysts)
BMCs
Osteophytes

Crude,
B (95% CI)

Total causal effects,
B (95% CI)†

Direct causal effects,
B (95% CI)‡

–2.18 (–3.61, –0.76)
–2.06 (–3.54, –0.58)
–2.13 (–4.10, –0.17)
–2.92 (–4.46, –1.39)
–1.05 (–1.64, –0.47)
–0.65 (–1.37, 0.07)
–2.25 (–3.68, –0.81)

Same as crude
–1.86 (–3.35, –0.38)
–2.08 (–4.04, –0.12)
–2.84 (–4.37, –1.32)
–0.83 (–1.42, –0.24)
–0.37 (–1.09, 0.35)
–2.23 (–3.65, –0.80)

–1.87 (–3.28, –0.45)
–2.07 (–3.53, –0.61)
–1.11 (–3.09, 0.87)
–2.10 (–3.65, –0.55)
–0.91 (–1.55, –0.27)
0.23 (–0.55, 1.02)
–1.82 (–3.26, –0.38)

* 95% CI = 95% confidence interval; BMCs = bone marrow cysts; BMLs = bone marrow lesions; KOOS = Knee
Injury and Osteoarthritis Outcome Score.
† Adjusted according to directed acyclic graph (see Figure 1).
‡ Adjusted for all features (cartilage full thickness [not area] loss was used to adjust for cartilage damage
status). All features were classified as present or absent. For estimates of the presence or absence of effusion-
or Hoffa-synovitis and popliteal cysts, see Table 2. The estimates should be interpreted as the difference in
knee pain between knees in the same patient that are exposed versus unexposed regarding the magnetic
resonance imaging feature in question when averaged over all Osteoarthritis Initiative visits for that patient.
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Table 4. Effects of specific local magnetic resonance imaging (MRI) features on knee pain in corresponding knee
location*

Compartment-specific MRI features

Medial tibial joint
line tenderness,
direct causal effects†

Lateral tibial joint
line tenderness,
direct causal effects†

Patellofemoral
tenderness, direct
causal effects†

Sum score of meniscal integrity
Meniscal extrusion
Sum score of cartilage area loss
Sum score of cartilage full thickness loss
Sum score of BMLs (including cysts)
Sum score of osteophytes

1.00 (0.83, 1.21)
1.19 (0.83, 1.70)
0.93 (0.74, 1.19)
2.61 (0.92, 7.45)
0.88 (0.63, 1.23)
0.93 (0.61, 1.44)

1.09 (0.86, 1.38)
1.10 (0.80, 1.50)
1.09 (0.88, 1.35)
1.32 (0.73, 2.39)
0.84 (0.60, 1.18)
1.11 (0.72, 1.70)

–
–
1.11 (0.94, 1.32)
1.51 (1.03, 2.20)
1.03 (0.71, 1.49)
1.02 (0.82, 1.28)

* Values are the odds ratio (95% confidence interval). All estimates are per 1 score. The presence or absence of effusion-
or Hoffa-synovitis and popliteal cysts are not included, as these exposures could not be studied as compartment
specific. The estimates should be interpreted as the difference in knee pain between knees in the same patient that
are exposed versus unexposed regarding the MRI feature in question when averaged over all Osteoarthritis Initiative
visits for that patient. BMLs = bone marrow lesions.
† Mutually adjusted for compartment-specific features.

knee injury (29% of participants had previous knee injury at baseline), we applied both an MCID of 6 as reported for knee injury and
an MCID of 10 as reported for established knee OA. However, the
MCID may in fact vary with person characteristics (22), making the
interpretation of whether there were clinically important differences
in knee pain in the current study somewhat unclear. It is important
to realize that the smallest change possible in an individual KOOS
score for the pain domain is 3 points (i.e., a 1-step change in
response on 1 item of the total 9 questions generates a change
of 2.8 points). Thus, it is questionable whether the association
between meniscal extrusion, cartilage damage, and osteophytes
that we observed is of further interest in a clinical and/or a research
perspective. However, our findings suggest that pain experience
in knees that potentially are beginning to develop OA may involve
both subchondral bone innervation (cartilage defects) as well
as more peripheral capsular/synovial and meniscal innervation
(meniscal extrusion), supporting the notion of often increased pain
after physical activity in early stages of OA.
We are aware of no longitudinal study that has explored the
role of MRI features in knee pain specifically in knees without
radiographic OA at baseline. Sayre et al investigated the association in a cohort of 122 persons (1 knee only), but 39% of the
sample had K/L grade 2 or worse, and all participants had knee
pain (23). Previous studies of individuals with established knee
OA have found varying associations with knee pain. A systematic
review of cartilage defects, BMLs, osteophytes, meniscal lesion,
effusion/synovitis, ligamentous abnormalities, subchondral cysts,
and bone attrition and pain in patients with knee OA reported that
only BMLs and effusion/synovitis were associated with knee pain
across 22 studies performed before 2011 (24). Later studies have
revealed associations between osteophytes and knee pain as well
as between cartilage damage and knee pain (25,26). MacFarlane
et al further reported that meniscal root tears were associated
with increased knee pain on the Western Ontario and McMaster Universities Osteoarthritis Index pain scale in 227 knees with
radiographic OA included in a trial (27), but this could not be
confirmed by Bhattacharyya et al (28). However, none of these

studies utilized a within-person design and were thus prone to
unmeasured person-level confounding. When studying the within-
person differences in knee pain in individuals who are differently
exposed with regards to the MRI feature in question, we could
thus exclude confounding due to all person-level factors such as
BMI and lifestyle. Still, we could not omit knee-specific confounding, which might explain, for example, that BMLs and/or BMCs
were not associated with clinically relevant knee pain in analyses
with continuous or dichotomous exposure (Tables 2 and 3), which
contrasts with previous studies (24).
Although it is questionable whether our findings are clinically
important, there is still potential to use MRI as a sensitive imaging modality in clinical trials, as it is possible to test whether interventions targeting the relevant MRI features relieve pain and slow
or stop the early structural OA development. In daily clinical practice, however, the role of MRI in knee OA diagnostics is still not recommended. Although doing an MRI may provide potential clues
for the specific cause of knee pain, there are currently no treatment
options available that slow or stop the disease process by directly
targeting these structural OA features. Further, the risk of incidental
findings is high (29), which may trigger unwarranted treatments
such as arthroscopic partial meniscectomy. Therefore, in clinical
practice, MRI preferably should be used to exclude other important differential diagnoses when needed and not to diagnose OA.
A number of important limitations should be mentioned. First,
the representativeness of the OAI cohort can be questioned. As an
example, obesity, a major risk factor for OA, has a higher prevalence in the US than in comparable European countries (30). Also,
the sample selection from the OAI (only middle-aged participants
with complete MRI examinations) further limits the generalizability of the findings. Although we cannot exclude the potential for
selection bias, we expect it to be outweighed by the benefits of
the within-person design (i.e., no person-level confounding). Second, we calculated sum scores for the MRI features, although it
is questionable whether they can be interpreted at all on a linear
scale. Importantly, we refrain from classifying particular sum scores
as clinically relevant or not, but we only interpret the difference in
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knee pain (measured with the KOOS) with which these sum scores
are associated. Further, we have checked, using model diagnostics, that the linear model is a good fit to the data, although the
structural sum scores in themselves are not normally distributed.
This is partly due to the fact that the model operates on within-
person differences in the scores. Third, although our analytical
approach omits person-level confounding, we cannot exclude that
confounders that are nonshared between knees, such as exposure
to knee injury or knee malalignment in 1 knee only, have impacted
our findings. However, we applied mainly continuous rather than
binary exposures in our main analyses, which may reduce the consequences of nonshared confounding such as misclassification of
discordant knees and collider bias due to selection of persons with
discordant knees only (31). Fourth, our statistical model was based
on the underlying assumption of causality between structure and
pain, and there is a possibility of reverse causation, although we find
that potential pathway probably less common than the other way
around. Finally, further analyses of site-specific exposures with site-
specific pain would have been preferable but were unfortunately
hampered due to limited data available on site-specific knee pain.
In conclusion, we found that meniscal extrusion, full thickness
cartilage defects, and osteophytes are associated with increased
knee pain when adjusted for all person-level confounders. However, the average effect on pain was small, and the clinical relevance of our findings is challenging to judge. The cutoff for the
MCID of KOOS pain for early-stage knee OA or for K/L grade 0 is
unclear and should be further investigated, as should more localized compartment-specific pain.
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Associations Between Cadence and Knee Loading in
Patients With Knee Osteoarthritis
Harvi F. Hart,1

Trevor B. Birmingham,1

Codie A. Primeau,1 Ryan Pinto,1 Kristyn Leitch,1 and J. Robert Giffin2

Objective. To test the hypothesis that higher walking cadence is associated with lower knee loading, while
controlling for walking speed, in patients with medial compartment tibiofemoral osteoarthritis (OA).
Methods. A total of 691 patients underwent quantitative gait analysis, including 3-dimensional knee moments and
temporospatial parameters. Using multivariate linear regression, we tested the association of walking cadence with
the knee adduction moment angular impulse (a surrogate measure of medial knee compartment load throughout the
stance), while controlling for walking speed. We repeated the analysis while also adjusting for sex, age, body mass
index, radiographic OA, knee pain, lateral trunk lean, foot progression angle, and mechanical axis angle, and while
replacing the knee adduction moment angular impulse with other surrogate measures of knee loading.
Results. While controlling for walking speed, we found that a lower cadence was associated with higher knee
adduction moment angular impulse (standardized β = –0.396, P < 0.001), suggesting a 0.02% body weight × height ×
seconds (%BW × Ht × s) decrease in impulse for each step per minute increase in cadence (unstandardized β –0.020
%BW × Ht × s [95% confidence interval –0.027, –0.015]), and remained consistent after adjusting for covariates.
A lower cadence was also associated with higher first (standardized β = –0.138, P = 0.010) and second peak knee
adduction moment (standardized β = –0.132, P = 0.018), higher peak knee flexion moment (standardized β = –0.128,
P = 0.049), and vertical ground reaction force (standardized β = –0.116, P = 0.035) in the adjusted analyses.
Conclusion. When controlling for walking speed, we found that a lower cadence is associated with higher knee
loading per step in patients with medial tibiofemoral OA. Future research should investigate the potential beneficial
biomechanical and clinical effects of increasing walking cadence in patients with knee OA.
INTRODUCTION
Knee osteoarthritis (OA) is a major contributor to walking difficulty (1). Gait analysis enables surrogate measures of knee load,
such as the ground reaction force and external knee moments,
which are larger in individuals with knee OA (2) and are associated
with OA progression (3) and pain (4). Individuals with knee OA also
walk with lower cadence and speed (5). Recent evidence suggests that individuals with knee OA who walk with higher cadence
experience less future knee joint damage (6). The proposed mechanism for this finding is that a higher cadence at a given speed is

associated with lower knee loading. In other words, the load on
the knee is suggested to be lower when one increases cadence
and takes shorter steps to achieve a given walking speed and distance. However, this possibility is yet to be tested. A similar phenomenon is proposed for runners, where a higher cadence at a
given speed is associated with lower measures of knee loading (7).
Given the relative ease with which walking cadence can be
assessed and manipulated (e.g., metronome, wearable devices),
investigating its association with knee joint loading during walking
has important clinical implications; gait adaptations that produce
relatively lower knee loads may be a means to enable individuals
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SIGNIFICANCE & INNOVATIONS
• Higher cadence (also known as step rate), when controlling for walking speed, is associated with lower
surrogate measures of medial knee load during the
stance phase of walking. This cross-sectional association suggests that an increase in cadence of 20
steps/minute from 100 to 120 steps/minute would
be associated with a decrease in knee adduction
moment angular impulse from 1.6% to 1.2% body
weight × height × seconds (25% decrease).
• Given the negative effects of aberrant loading and
the positive effects of physical activity, the present
finding supports future prospective studies investigating increasing walking cadence for patients with
knee osteoarthritis.

with knee OA to walk more and meet their recommended walking targets. Therefore, the objective of the current study was to
test the hypothesis that a higher walking cadence is associated
with lower medial knee loads, while controlling for gait speed, in
patients with medial tibiofemoral OA.

SUBJECTS AND METHODS
Study design and participants. In this cross-sectional
study, we analyzed gait data from a registry of 691 patients who
participated in studies of rehabilitative and surgical interventions
for medial tibiofemoral OA. All patients had been referred to 1 tertiary care clinic for consultation regarding treatment options for
ongoing knee pain located primarily in the medial compartment.
Patients were diagnosed with medial tibiofemoral OA based on
physical examination and the American College of Rheumatology
classification criteria for OA of the knee (8). Patients with concomitant disease in the lateral tibiofemoral or patellofemoral compartment were eligible, provided pain and radiographic disease
were more severe in the medial tibiofemoral compartment. In addition, patients had to have a neutral or varus alignment. The registry
was approved by the institution’s Research Ethics Board for Health
Sciences Research Involving Human Subjects and all participants
provided written informed consent. All patients had undergone a
baseline 3-dimensional (3-D) quantitative gait analysis, including
temporospatial parameters and external knee moments.
Demographic and clinical characteristics. Data pertaining to age, sex, and body mass index (BMI) were included in
the current study. Knee-related symptoms were assessed using
the Knee Injury and Osteoarthritis Outcome Score (range 0–100,
100 = no limitations) (9), and a numeric rating scale for pain (range
0–10, 0 = no knee pain) (10). The Kellgren/Lawrence (K/L) radiographic classification criteria were used to assess radiographic tibiofemoral joint disease severity (grade 0–4) (11), and radiographic
knee OA was defined as K/L grade ≥2. The mechanical axis angle
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was measured from full-extremity standing radiographs; negative
values indicated varus alignment of the lower extremity (12).
Gait analysis. Patients underwent a 3-D gait analysis with
an 8-camera motion capture system (Motion Analysis Corporation)
synchronized with a floor-mounted force plate (Advanced Mechanical Technology). Passive-reflective markers were placed on bony
landmarks using a 22-marker modified Helen Hayes marker set
(13). During a static trial on the force plate, additional markers
were placed over the medial knee joint line and medial malleolus to
determine knee and ankle joint centers. Before gait testing, these
4 extra markers were removed. Marker (60 Hz) and force plate
(1,200 Hz) data were collected while patients walked barefoot
across a 10-meter walkway at their typical, self-selected walking
speed. Walking speed was not experimentally controlled during
walking trials. Inverse dynamics were used to calculate external
knee moments from the camera and force plate data and were
expressed relative to the tibial anatomical frame of reference (14).
Data were averaged over 5 trials and normalized to 100%
of stance. Moments were normalized to body weight and height
(%BW × Ht). We calculated the knee adduction moment angular
impulse by integrating the knee adduction moment waveform
throughout the stance phase with respect to time (seconds;
(%BW × Ht x s). The same methods and version of software
were used to analyze gait data for all participants (Orthotrak 6.0,
Motion Analysis Corporation) using methods previously reported
to be reliable (15). The knee adduction moment angular impulse,
peak knee adduction moments during the first (peak 1) and second (peak 2) halves of the stance, peak knee flexion moment,
peak vertical ground reaction force, cadence, and gait speed
were extracted for each patient and used in the following analyses. Since lateral trunk lean and foot progression angles are
associated with medial knee loading in patients with medial tibiofemoral OA, these data were also extracted using previously
reported methods (16).
Statistical analysis. We used multivariate linear regression to test the association of cadence with knee load while
controlling for gait speed. Unstandardized beta coefficients with
95% confidence intervals were presented to describe the association in the original cadence and load units and to aid the interpretation of findings. Standardized beta coefficients were also
presented. We repeated the analysis while also controlling for
demographic and clinical characteristics (sex, age, BMI, presence of radiographic OA, knee pain, and mechanical axis angle),
and other gait characteristics (lateral trunk lean and foot progression angle).
We used the knee adduction moment angular impulse
as the primary outcome measure, given reports of its superior
association with future knee structural degeneration (3) and with
knee pain (4). We then repeated the analyses while sequentially replacing the dependent variable knee adduction moment
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angular impulse with the first peak knee adduction moment, second peak knee adduction moment, peak knee flexion moment,
and peak vertical ground reaction force.
Although not part of our primary objective and hypothesis,
consistent with Sex and Gender Equity in Research guidelines (17),
we completed supplementary analyses to compare demographic,
clinical, and gait characteristics in male and female participants
using independent t-
tests or chi-
square tests (see Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24400/
abstract). Then, rather than controlling for sex in the regression analyses, we repeated the previously described models
for male and female participants separately (see Supplementary
Table 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24400/abstract).
To test model assumptions, we generated scatterplots to
evaluate linearity between independent and dependent variables, Q-Q plots to evaluate multivariate normality, a correlation matrix to evaluate multicollinearity between our covariates,
and residual versus fitted plots to evaluate homoscedasticity.
We included gait speed as a covariate in all models. We also
explored any potential interaction, mediation, or confounding
among covariates. All data were analyzed with SPSS Statistics,
version 25, and statistical significance was set at a P value of
less than 0.05.

RESULTS
Descriptive statistics are shown in Table 1. A lower walking
cadence was significantly associated with higher knee adduction moment angular impulse when adjusted for gait speed, and
the association remained consistent when additionally adjusted
for sex, age, BMI, radiographic OA, knee pain, lateral trunk lean
and foot progression angle, and mechanical axis angle (Table 2).
When adjusted for gait speed, a lower cadence was also associated with higher second peak knee adduction moment and vertical
ground reaction force, with the associations remaining consistent
when data were adjusted for gait speed and other characteristics
(Table 2). Additionally, when data were adjusted for gait speed and
other characteristics, a lower cadence was associated with higher
first peak knee adduction moment and peak knee flexion moment
(Table 2).
Supplementary analyses revealed that when data were stratified based on sex, a lower cadence was associated with higher knee
adduction moment angular impulse in male participants when adjusted
for gait speed and other characteristics (see Supplementary Table 2,
available on the Arthritis Care & Research website at http://onlinelibr
ary.wiley.com/doi/10.1002/acr.24400/abstract). In female participants,
cadence was associated with all surrogate measures of knee loading,
except for knee flexion moment, when adjusted for gait speed, with a
lower cadence associated with higher knee loads (see Supplementary
Table 2).

Table 1.
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Patient demographic, clinical, and gait characteristics*
Characteristic

Demographic
Age, years
Body mass index, kg/m2
Clinical characteristics
KOOS (0–100, 100 = no limitations)
Pain
Symptoms
Activities of daily living
Function in sports/recreation
Quality of life
Knee pain (numeric rating scale; 0–10, 0 = no knee
pain)
Knee osteoarthritis, K/L grade (n = 664), no. (%)
0 (none)
1 (doubtful)
2 (mild)
3 (moderate)
4 (severe)
Mechanical axis angle, degrees (negative value =
varus)
Gait characteristics
Temporospatial parameters
Cadence, steps/minute
Gait speed, meters/second
Step length, meters
Lateral trunk lean angle, degrees (positive value =
trunk lean toward the stance extremity)
Progressive foot angle, degrees (positive value =
toeing out)
Surrogate measures of knee loading
Knee adduction moment angular impulse,
%BW × Ht × s
First peak knee adduction moment, %BW × Ht
Second peak knee adduction moment, %BW × Ht
Peak knee flexion moment, %BW × Ht
Peak vertical ground reaction force, BW

Total
(n = 691)
47 ± 9
30 ± 5
53 ± 19
53 ± 20
62 ± 21
28 ± 23
27 ± 20
3±3
5 (0.8)
68 (10.2)
201 (30.3)
252 (38.0)
138 (20.8)
–8.0 ± 3.7

103 ± 10
1.10 ± 0.20
0.63 ± 0.08
1.18 ± 1.49
11.72 ± 5.53
1.60 ± 0.56
3.21 ± 0.95
3.18 ± 0.92
1.48 ± 1.42
1.10 ± 0.19

* Values are the mean ± SD unless indicated otherwise. BW =
body weight; Ht = height; K/L = Kellgren/Lawrence radiographic
osteoarthritis classification criteria; KOOS = Knee Injury and
Osteoarthritis Outcome Score; s = seconds.

DISCUSSION
The current study tested the hypothesis that a higher walking cadence is associated with lower medial knee loads while
controlling for gait speed in patients with medial tibiofemoral
OA. In line with this hypothesis, our findings suggest that when
controlling for gait speed, cadence is negatively associated with
knee load, and every 1 step/minute increase in cadence was
associated with a 0.02 %BW × Ht × s decrease in knee adduction moment angular impulse. For example, based on the typical
patient in this sample (i.e., using the mean values for cadence and
knee adduction moment angular impulse [Table 1], an increase in
cadence of 20 steps/minute from 100 to 120 steps/minute would
be associated with a decrease in knee adduction moment angular
impulse of 0.4 %BW × Ht × s from 1.6 to 1.2 %BW × Ht × s,
representing a 20% higher cadence, associated with a 25% lower
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Table 2. Regression coefficients describing the associations of cadence with surrogate measures of knee load in
patients with medial tibiofemoral osteoarthritis, when adjusted for gait speed and other characteristics (n = 691)*

Adjusted for gait speed
Knee adduction moment angular impulse, %BW × Ht × s
First peak knee adduction moment, %BW × Ht
Second peak knee adduction moment, %BW × Ht
Peak knee flexion moment, %BW × Ht
Peak vertical ground reaction force, BW
Adjusted for gait speed and other characteristics‡
Knee adduction moment angular impulse, %BW × Ht × s
First peak knee adduction moment, %BW × Ht
Second peak knee adduction moment, %BW × Ht
Peak knee flexion moment, %BW × Ht
Peak vertical ground reaction force, BW

Standardized β

Unstandardized β
(95% CI)

P

–0.396
–0.089
–0.176
–0.102
–0.173

–0.021 (–0.027, –0.015)
–0.008 (–0.018, 0.002)
–0.016 (–0.026, –0.005)
–0.014 (–0.029, 0.001)
–0.001 (–0.002, –0.001)

<0.001†
0.118
0.004†
0.069
<0.001†

–0.374
–0.138
–0.132
–0.128
–0.116

–0.020 (–0.026, –0.015)
–0.013 (–0.023, –0.003)
–0.012 (–0.022, –0.002)
–0.017 (–0.035, –0.0001)
–0.001 (–0.002, –0.0001)

<0.001†
0.010†
0.018†
0.049†
0.035†

* 95% CI = 95% confidence interval; BW = body weight; Ht = height; s = seconds.
† Statistically significant at P < 0.05.
‡ Other characteristics: age, sex, body mass index, radiographic osteoarthritis, knee pain, lateral trunk lean, foot
progression, and mechanical axis angles (n = 664).

knee adduction moment angular impulse. Given the relationship
between cadence and step length at a constant speed (i.e., gait
speed = cadence × step length), the current findings are consistent with previous laboratory studies demonstrating that shorter
step length decreases knee adduction moment angular impulse
(18). The current results were similar when using the peak knee
adduction moment, peak knee flexion moment, and peak vertical
ground reaction force in the adjusted analyses.
Because cyclic loading is needed to maintain healthy cartilage, and because patients with knee OA do not meet recommended step counts, the ability to achieve a greater number of
steps at a lower load per step may be beneficial. However, noting that increasing cadence at a constant speed requires shorter
steps is important; therefore, a greater number of steps would be
required to reach a given distance. In the current study, the effect
of decreasing knee adduction moment angular impulse per step
on cumulative loading, while keeping gait speed and distance
consistent, would be offset to some extent by the increase in the
total number of steps taken. Although prospective research is
required, we can also gain some insight into potential changes in
cumulative loading based on the current data. Using the average
gait speed (1.10 meters/second) and cadence (103 steps/minute)
in this cohort, a typical patient with knee OA would take 1,561
steps to cover a distance of 1 km, and this pace would result
in a cumulative load (knee adduction moment angular impulse
per step × number of steps) of 2,498 %BW × Ht × s/km (1.6
%BW × Ht × s × 1,561 steps).
Expanding on the example described above, if a patient
increased their cadence by 20 steps/minute while maintaining
their gait speed of 1.10 meters/second, they would take 303
additional steps (i.e., 1,864 steps in total) to cover the same distance of 1 km and this pace would result in a cumulative load of
2,237 %BW × Ht × s/km (1.2 %BW × Ht × s × 1,864). This result
represents approximately a 10% lower cumulative load with a

20% higher cadence in patients with medial tibiofemoral OA.
A somewhat similar result has been reported in runners, where
a higher cadence at a given speed and distance was associated with lower cumulative knee loads, because the effect of
decreased load per step outweighed the effect of an increasing
number of steps (7).
Although the benefits of walking programs are now widely
understood and highly promoted to improve health, the ability to
participate in such programs may be compromised in patients
with knee OA. Individuals with knee OA walk with a lower walking
cadence and gait speed (5). We also focused on walking cadence
because it has been associated with future knee OA progression
(6), and it can now be readily monitored using various methods
such as metronome and wearable devices. The results of our
cross-
sectional study suggest that adopting a higher walking
cadence, without changing walking speed, could be advantageous for individuals with medial tibiofemoral OA. We encourage future studies to prospectively determine whether increasing
cadence while maintaining constant gait speed has beneficial biomechanical and clinical effects.
The current patients had knee OA primarily affecting the medial
tibiofemoral joint, had substantial symptoms, and were seeking
care from a tertiary care clinic. Results should be generalized to
similar patients. Results may differ for patients with primarily lateral
tibiofemoral or patellofemoral OA, or those with fewer symptoms.
Also, the sample consisted mostly of male participants. Although
our primary analyses were adjusted for sex, supplementary data
show sex-specific analyses (including 163 females); we encourage readers to review those results and consider the potential
sex-specific difference in future prospective research investigating
the effects of altering cadence.
Knee moments during gait are indirect, surrogate mea
sures of the dynamic loads on the knee; changes in these mea
sures may differ from actual or modeled knee joint loads. The effect
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of altering cadence on muscle activity and its potential effects on
knee loading also remains unclear. Nonetheless, the current surrogate measures of knee load are associated with structural OA
progression and pain and therefore are the target of interventions.
The current findings are consistent with musculoskeletal modeling
studies that suggest a higher cadence during running is associated with reduced tibiofemoral forces (19).
The current associations are derived statistically from cross-
sectional data; potential changes in gait biomechanics (e.g., knee
adduction moment angular impulse, cumulative load) achieved
with changes in cadence should be further investigated prospectively while controlling for gait speed experimentally. Last,
these data were collected in a gait laboratory with participants
walking barefoot. Whether results differ under different laboratory conditions or when walking outside of a laboratory needs
to be studied.
When controlling for walking speed, a lower cadence is
associated with higher knee loading in patients with medial knee
OA. Prospective studies are required to investigate the potential
beneficial biomechanical and clinical effects of increasing walking
cadence in patients with knee OA.
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Immunomodulatory Medication Use in Newly Diagnosed
Youth With Systemic Lupus Erythematosus
Alaina Davis,1
Joyce Chang,2 Sarah Shapiro,3 Marisa Klein-Gitelman,4 Jennifer Faerber,5 Hannah Katcoff,5
6
Zuleyha Cidav, David S. Mandell,6 and Andrea Knight7
Objective. To examine glucocorticoid-sparing immunomodulatory medication use in youth with systemic lupus
erythematosus (SLE) during their first year of care.
Methods. We conducted a retrospective cohort study using administrative claims for 2000 to 2013 from
Clinformatics DataMart for youth ages 10–24 years with an incident diagnosis of SLE (≥3 International Classification
of Diseases, Ninth Revision codes for SLE [710.0], each >30 days apart). We determined the proportion of subjects
filling a prescription for immunomodulatory medications within 12 months of the first SLE code (index date). We used
multivariable regression to examine associations between demographic/disease factors and time to prescription fill
in the first year, and also between prescription fill at any time after the index date.
Results. We identified 532 youth with an incident SLE diagnosis, of which 413 (78%) had a glucocorticoid-sparing
immunomodulatory prescription fill in the first year. Prescriptions for hydroxychloroquine and immunosuppressants
were filled in the first year by 366 youth (69%) and by 182 (34%), respectively. Those with adult-onset (versus
childhood-onset) disease were less likely to fill an immunomodulatory medication by 12 months. No other statistically
significant associations were found, although there was increasing likelihood of immunomodulatory medication fills
with each subsequent calendar year.
Conclusion. Among youth with newly diagnosed SLE, hydroxychloroquine use is prevalent although not universal,
and prescription immunosuppressant use is notably low during the first year of care. Further research is needed to
identify factors contributing to suboptimal immunomodulatory medication use during the first year of care.
INTRODUCTION
Systemic lupus erythematosus (SLE) is a chronic autoimmune condition characterized by multiorgan inflammation and
damage. Children and adolescents with SLE have particularly
active disease with a high incidence of nephritis, a steep disease damage trajectory, and an increased risk for mortality
compared to adults (1,2). One-third of youth with SLE suffer
significant organ damage, including cerebrovascular accidents
and renal failure, within the initial years of disease onset (1,3).
SLE treatment involves immunomodulatory therapy, including

glucocorticoids, hydroxychloroquine, and other immunosuppressant medications. Glucocorticoid-
sparing immunomodulatory treatment is important to prevent major organ damage
and to help children reduce adverse effects of glucocorticoid
exposure, including interference with growth and development.
Clinical trials demonstrate reduction of disease activity and overall morbidity with use of hydroxychloroquine and immunosuppressant medications (4). The early severe disease activity and
resulting rapid accrual of organ damage in youth with SLE make
early effective immunomodulatory therapy important in this vulnerable population.
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MEDICATION USE IN YOUTH WITH SLE

SIGNIFICANCE & INNOVATIONS
• This study examined glucocorticoid-sparing immunomodulatory treatment patterns in the first year of care
for youth with SLE, who are at high risk for early onset
of major organ involvement and subsequent damage
due to disease activity and glucocorticoid treatment.
• The findings indicated that hydroxychloroquine use
is prevalent, although not universal, and that prescription immunosuppressant use is low during the
first year of care for youth with SLE.
• Multivariable analysis showed that those with
adult-onset (versus childhood-onset) disease were
less likely to fill an immunomodulatory medication
by 12 months. No other statistically significant and
clinically relevant associations were found between
demographic/disease characteristics and time to
prescription fill in the first year or prescription fill at
any time after the index date.
Increased understanding of medication use early during the
disease course could inform interventions to improve care for
youth with SLE. This study examined patterns of glucocorticoid-
sparing immunomodulatory medication use in youth with newly
diagnosed SLE. Specifically, we: 1) determined the proportion of
youth filling a prescription for immunomodulatory medication in the
first year of care, 2) ascertained the median time to immunomodulatory prescription fill in the first year of care, and 3) estimated the
associations between time to immunomodulatory prescription fill
and relevant demographic and disease factors.

PATIENTS AND METHODS
Study design, data sources, and sample. We conducted a retrospective cohort study using a large national administrative database. Institutional review board approval was obtained
from The Children’s Hospital of Philadelphia, Vanderbilt University
Medical Center, and The Hospital for Sick Children. We extracted
administrative health care claims from Clinformatics DataMart, a
database of private health insurance and Medicare Advantage (C
and D) claims representing 15–20% of the commercially insured
US population. The database contains de-identified patient-level
information, including demographics, medical diagnoses, and
health care use, such as prescription drug use.
The study sample included youth ages 10–24 years with
an incident diagnosis of SLE during a fixed time period between
2000 to 2013. An incident diagnosis of SLE was defined as having
a minimum of 3 physician visits or hospital discharge claims with
an International Classification of Diseases, Ninth Revision (ICD-9)
code for SLE (710.0), each documented at least 30 days apart,
and having no preceding SLE diagnosis code for at least 1 year
of continuous enrollment before the first diagnosis code for SLE
(i.e., index date). This validated method has been used to identify incident SLE cases in medical records databases and incident
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rheumatoid arthritis cases using claims data (5–7). Individuals were
excluded from the sample if they were not continuously enrolled
for at least 1 year after the index date. Age was determined at the
index date. The upper age limit was chosen to capture youth who
were transitioning from pediatric to adult health systems, a time
of increased risk for suboptimal health care use and adverse outcomes. The lower age limit was imposed to exclude monogenic
causes of early-onset SLE that may represent unique phenotypes
affecting health outcomes and health care use.
Outcome measures. The proportions of youth filling a prescription for an immunomodulatory medication within 3, 6, and
12 months of the index date were calculated. The proportions of
youth not filling a prescription for an immunomodulatory medication included youth who either did not have a prescription written or who had a prescription written but did not fill it; we were
unable to distinguish these individuals within the claims data set.
The primary outcome measure was time from the index date to
the first prescription fill of an immunomodulatory medication. The
secondary outcome measure was the probability of any immunomodulatory prescription fill within 12 months of the index date.
Immunomodulatory medications examined included hydroxychloroquine and prescription immunosuppressants (mycophenolate mofetil, azathioprine, leflunomide, methotrexate, calcineurin
inhibitors, and cyclophosphamide). Intravenous infusions were not
included because they are inadequately captured in claims data.
Covariates. The following demographic and disease-related
covariates were included in the multivariable analysis: age, sex,
race/ethnicity, household educational level, geographic region
of residence, index year, and the presence/absence of nephritis
or seizure/stroke during the enrollment period. We modeled age
both as a continuous variable and binary variable (10–17 versus
18–24 years) to examine potential differences by childhood-onset
and adult-onset disease. The data set derived household education levels from US census data and race/ethnicity from self-report,
public records, and proprietary ethnic code tables. Geographic
region was based on the US Census Bureau’s groupings of states
(http://www2.census.gov/geo/docs/maps-data/maps/reg_div.txt).
Index year was included as a covariate to examine the possibility
of cohort effect, given increasing evidence during the study period
of immunomodulatory treatment effectiveness in youth with SLE.
The presence of SLE nephritis was identified with a previously validated algorithm using ICD-9 diagnosis and procedure codes (8,9).
The presence of seizure/stroke disorder was identified by at least
1 ICD-9 code for seizures or cerebrovascular disease, a previously
validated method used with pediatric administrative claims (10,11).
Statistical analysis. Descriptive statistics were used to estimate the proportion of subjects with prescription fills within 3, 6, and
12 months from the index date for hydroxychloroquine, an immunosuppressant, either hydroxychloroquine or an immunosuppressant,
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and glucocorticoids. In the primary analysis, multivariable Cox
proportional hazards regression was used to examine associations between demographic/disease characteristics and time to
first glucocorticoid-sparing immunomodulatory prescription fill. For
the secondary analysis, logistic regression was used to estimate
the association between covariates and having a glucocorticoid-
sparing immunomodulatory fill any time after the index date.
A sensitivity analysis was performed for subjects who had
all 3 SLE diagnosis codes assigned within 12 months from the
index date to address the possibility that some patients may have
had a tentative diagnosis of SLE during the first year of care and
therefore had not received immediate immunosuppression. Additional subanalyses were performed to examine demographic/
disease characteristics for subcohorts with specific immunomodulatory medication use patterns, as well as demographic/disease
characteristics and immunomodulatory prescription fills for subjects with and without lupus nephritis.

RESULTS
We identified 532 youth with an incident diagnosis of SLE.
Cohort characteristics are provided in Table 1. Most were female
Table 1.

(87%). Mean ± SD age was 18.5 ± 3.7 years. White youth comprised 62%, African American youth 17%, and Hispanic youth 14%.
Nephritis was present in 25%, and 12% had central nervous system
(CNS) disease. Childhood-onset disease comprised 199 (37%),
and adult-onset comprised 333 (63%). Nephritis was more common in the childhood-onset group (35% versus 19%; P < 0.001),
but other demographic characteristics were similar.
In the 12 months following the index date, 413 youth (78%
of 532) filled a prescription for an immunomodulatory medication, 366 (69%) filled hydroxychloroquine, and 182 (34%) filled
an immunosuppressant. Glucocorticoid prescriptions were filled
by 340 youth (64%) within 12 months of the index date, more
commonly in subjects receiving immunomodulatory medications
than in those who were not (Table 1). A greater proportion of the
childhood-onset group had immunosuppressant fills (84% versus 74%; P = 0.007) and glucocorticoid fills (74% versus 58%;
P < 0.001) at 12 months. Medication fill patterns at 3, 6, and
12 months after the index date are shown in Figure 1.
The median time to immunomodulatory prescription fill was
generally short but varied. The median days to fill an immunomodulatory prescription was 12 (interquartile range [IQR] 1–25)
within 3 months, 14 (IQR 2–33) within 6 months, and 21 (IQR

Demographic and disease characteristics by immunomodulatory medication use*
Characteristic

Female
Age, mean ± SD years
Age at SLE onset, years
10–17
18–24
Race/ethnicity
White
African American
Hispanic
Asian
Region
Midwest
Northeast
South
West
Highest household education
High school or less
Less than bachelor’s degree
Bachelor’s degree or more
Unknown/missing
Seizure/stroke
Nephritis
Oral glucocorticoid use‡
Number of fills, median (IQR)
Total days supply, median (IQR)

Total cohort
(n = 532)

No IM
(n = 119)

IM
(n = 413)

P†

462 (87)
18.5 ± 3.7

107 (90)
19.2 ± 3.7

355 (86)
18.3 ± 3.7

0.26
0.02

199 (37)
333 (63)

32 (27)
87 (73)

167 (40)
246 (60)

0.01
–

307 (62)
86 (17)
71 (14)
34 (7)

62 (58)
23 (21)
15 (14)
7 (7)

245 (63)
63 (16)
56 (14)
27 (7)

0.63
–
–
–

143 (27)
57 (11)
261 (49)
71 (13)

35 (29)
17 (14)
51 (43)
16 (13)

108 (26)
40 (10)
210 (51)
55 (13)

0.34
–
–
–

35 (29)
52 (44)
23 (19)
9 (8)
16 (13)
23 (19)
32 (27)
8 (3–11)
105
(40–180)

109 (26)
219 (53)
75 (18)
10 (2)
46 (11)
110 (27)
308 (75)
7 (4–16)
140
(60–240)

0.42
–
–
–
0.49
0.11
<0.01
0.43
0.12

144 (27)
271 (51)
98 (18)
19 (4)
62 (12)
133 (25)
340 (64)
7 (4–15)
128 (60–213)

* Values are the number (%) unless indicated otherwise. Immunomodulatory (IM) medication
fill was within 12 months after the index date; IMs include hydroxychloroquine or oral
immunosuppressants (including mycophenolate [17% of total cohort], azathioprine [9%],
methotrexate [8%], leflunomide [1%], cyclophosphamide [1%], and calcineurin inhibitors [1%]).
IQR = interquartile range; SLE = systemic lupus erythematosus.
† By chi-square test, Student’s t-test, or Wilcoxon’s rank sum tests as appropriate.
‡ At least 1 oral glucocorticoid prescription filled within 12 months after the index date.
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Figure 1. Proportion of youth with systemic lupus erythematosus (SLE) with an immunomodulatory medication prescription filled within the
first year after diagnosis. The graph shows the percentage of youth with at least 1 prescription filled for an immunomodulatory medication
(hydroxychloroquine, oral immunosuppressants [IS]) or oral glucocorticoids within the first year after SLE diagnosis. Of 532 youth with SLE, 295
(55%), 324 (61%), and 366 (69%) filled a prescription for hydroxychloroquine at 3, 6, and 12 months, respectively. Only 83 (16%), 124 (23%),
and 182 (34%) youth filled a prescription for oral immunosuppressants at 3, 6, and 12 months, respectively, while 280 (53%), 313 (59%), and
340 (64%) youth filled a prescription for any oral glucocorticoid within the respective time points.

3–56) within 12 months of observation from the index date. No
statistically significant associations between demographic/disease factors and time to immunomodulatory prescription fill were
identified, although there was an increased rate of immunomodulatory fills each calendar year (hazard ratio 1.07 [95% confidence

interval (95% CI) 1.03–1.10], P < 0.001). Similarly, the year of the
index date was associated with an immunomodulatory fill within
any time after the index date (odds ratio [OR] 1.13 [95% CI 1.06–
1.21], P < 0.001). With inclusion of a binary covariate for age
(instead of continuous age) in the multivariable regression models,

Table 2. Factors associated with the presence of or time to first glucocorticoid-sparing
immunomodulatory prescription filled*
Time to first IM†
Factor
Female
Childhood-onset SLE
Race/ethnicity
White
African American
Hispanic
Asian
Region
Midwest
Northeast
South
West
Household education
High school or less
Less than bachelor’s degree
Bachelor’s degree or higher
Seizure/stroke
Nephritis
Calendar year

IM within 12 months‡

HR (95% CI)

P

OR (95% CI)

P

1.0 (0.8–1.4)
1.1 (0.9–1.4)

0.93
0.26

0.7 (0.4–1.5)
1.8 (1.1–2.9)

0.40
0.02

–
0.8 (0.6–1.1)
1.0 (0.8–1.4)
1.0 (0.7–1.5)

–
0.25
0.78
0.95

–
0.6 (0.3–1.1)
0.9 (0.4–1.7)
0.9 (0.4–2.2)

–
0.09
0.66
0.80

–
0.8 (0.6–1.2)
1.1 (0.8–1.4)
0.9 (0.7–1.3)

–
0.35
0.68
0.74

–
0.7 (0.3–1.5)
1.1 (0.6–1.9)
0.8 (0.4–1.7)

–
0.33
0.71
0.53

–
1.0 (0.8–1.3)
1.2 (0.9–1.6)
0.8 (0.6–1.1)
1.1 (0.9–1.4)
1.1 (1.0–1.1)

–
0.84
0.31
0.19
0.30
<0.01

–
1.2 (0.7–2)
1.0 (0.5–2)
0.6 (0.3–1.3)
1.7 (0.9–3.0)
1.1 (1.1–1.2)

–
0.49
0.93
0.22
0.09
<0.01

* 95% CI = 95% confidence interval; HR = hazard ratio; IM = immunomodulatory; OR = odds
ratio; SLE = systemic lupus erythematosus.
† Multivariable Cox proportional hazards regression model estimating associations between
subject characteristics and time to first glucocorticoid-sparing IM prescription fill.
‡ Multivariable logistic regression model estimating associations between subject characteristics
and the presence of ≥1 glucocorticoid-sparing IM prescription fill within 12 months after SLE
diagnosis.

1676

|

the results for time to prescription fill did not change. However,
immunomodulatory fill in the first year was less likely for those with
adult-onset versus childhood-onset SLE (OR 0.56 [95% CI 0.34–
0.92], P = 0.021), and there was an increased odds of immunomodulatory fills each calendar year (OR 1.10 [95% CI 1.06–1.20],
P < 0.001) (Table 2).
Restricting the analysis to the 462 youth who had a third
SLE diagnosis code within 12 months of the index date did not
significantly change the results; 309 (67%) had an immunomodulatory prescription fill within the first 3 months, 336 (73%) within
the first 6 months, and 380 (82%) within the first 12 months after
their index date. Additional subanalysis exploring specific immunomodulatory prescription fill patterns showed that those with
an immunosuppressant fill but no hydroxychloroquine were more
likely to be male and to have nephritis (see Supplementary
Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24392/abstract).
Subanalysis comparing subjects with and without nephritis
revealed that ~60% filled hydroxychloroquine and/or an immunosuppressant medication by 12 months (see Supplementary
Table 1, at http://onlinelibrary.wiley.com/doi/10.1002/acr.24392/
abstract).

DISCUSSION
Youth with SLE are at high risk for organ damage in the first
years following diagnosis. Early treatment with glucocorticoid-
sparing immunomodulatory medication can mitigate effects of
SLE while minimizing the adverse effects of glucocorticoids (1–4).
This study investigated patterns of immunomodulatory medication use in youth with newly diagnosed SLE. We found that
hydroxychloroquine use was common but not universal, and that
prescription immunosuppressant use was low during the first year
of care for youth with SLE.
Specifically, we found that only 55% of the cohort filled a
prescription for hydroxychloroquine in the first 3 months after
diagnosis, and only 69% obtained the medication by 1 year.
Hydroxychloroquine has been shown to prevent accrual of
organ damage and potentially decrease morbidity (12). Its use is
indicated for almost all children with SLE; an international multispecialty task force urged consideration of antimalarial use irrespective of other treatment, and some task force members stated
that treatment should be universal unless contraindicated (8). The
proportion of youth filling a prescription for hydroxychloroquine,
therefore, is grossly low.
In addition to suboptimal rates of hydroxychloroquine use, we
found that prescription immunosuppressant use was notably low
during the first year of care for youth with SLE. Only 16% of the
study cohort filled a prescription for an immunosuppressant in the
first 3 months after diagnosis, and only 34% did so within the first
year. While we had limited clinical information with which to determine which patients in the cohort required immunosuppressive
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treatment, 12% of the cohort had seizure/stroke disorder, and
25% had nephritis within 12 months of the index date. Patients
with renal and/or CNS disease typically present with these features within the first year following diagnosis and have high risk for
rapid accrual of organ damage, indicating a need for early treatment with immunosuppressants (3,9). Although the proportion
of subjects filling an immunosuppressant prescription in the first
year mirrored those with renal and/or CNS disease in our cohort,
we expect that a portion of those with other SLE manifestations,
such as arthritis, cytopenias, and cutaneous disease, also require
immunosuppressants. Furthermore, additional analysis confirmed
that only 60% of subjects with nephritis filled a prescription for
hydroxychloroquine and/or an immunosuppressant medication
within 12 months. Therefore, our findings suggest that the rate of
immunosuppressant use is lower than expected.
This study also found that youth with disease onset as young
adults had fewer immunosuppressant fills compared to those
with childhood-
onset disease. This finding may reflect greater
disease activity in the childhood-onset group, although we could
not measure this result directly in the claims data, and the effect
was independent of major organ disease (CNS or nephritis). Our
results highlight potential vulnerability of young adults with new-
onset lupus for suboptimal medication use, and further study of
this group is warranted.
The low rate of immunomodulatory use could be due to
suboptimal physician treatment practices and/or poor patient
adherence to filling prescribed medication. Although little is known
about the former, we interestingly found that an increasing year
of index date was independently associated with both decreased
time to fill and increased odds of fill within 12 months of diagnosis.
Encouragingly, this finding may represent the anticipated cohort
effect due to increasing uptake of evidence for immunomodulatory
treatment effectiveness during the study period. Regarding medication adherence, however, prior studies have demonstrated poor
rates in the SLE population. Most studies report that >50% of
patients with SLE are nonadherent to treatment, presumably varying with cohort characteristics and method of measurement (13–
15). There are 2 etiologies of medication nonadherence: some
patients never get medication, and others, while in possession
of medication, do not properly take it. The latter is a known issue
based on high rates of medication nonadherence as documented
by self-reports and electronic monitoring methods. The current
study explores the former using pharmacy refill data and demonstrates that a notable proportion of patients never obtain immunomodulatory medication. This finding suggests that interventions
to increase prescription fills in the year following diagnosis would
be merited.
In adults with SLE, factors that are associated with
increased medication nonadherence include depression, rural
residence, being single, low educational level, the presence of
other comorbidities, limited comprehension of physician instructions, having to take medication more than once daily, side effects
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experienced, dissatisfaction with treatment, and better physical
health (15). However, in youth with SLE, further research is needed
to identify factors associated with decreased prescription use.
Several study limitations should be mentioned. First, the
cohort included only privately insured patients. Results do not
necessarily apply to Medicaid-enrolled or uninsured patients. Second, the cohort does not reflect the whole population with regard
to race/ethnicity because a disproportionately low percentage
of African American and Latino American youth with SLE were
in this cohort. The underrepresentation of racial/ethnic minorities may bias interpretation of these data, given associations
with increased disease severity and mortality in minority populations with SLE (4). Third, the prescription fill data may overestimate medication use because youth may fill the prescription but
not take the medication. Conversely, we were unable to accurately
assess intravenous medication use. Therefore, members of this
cohort may have received treatment not captured by prescription fill data. Fourth, the data permit limited assessment of SLE
disease severity/activity and time course (besides the presence/
absence of nephritis and CNS disease). Although hydroxychloroquine was indicated for the entire cohort, we could not determine for how many patients immunosuppressants were indicated
during the observation period. However, our sensitivity analysis
of the subcohort with a firm SLE diagnosis comprising 3 diagnosis codes within the first year found that prescription fill rates
were comparable to those of the full cohort. Finally, we could not
determine the time from SLE diagnosis to provider prescription of
immunomodulatory medication, nor could we determine the prescriber specialty. Therefore, the relative contributions of provider
prescribing practices versus patient adherence to the observed
low rates of immunomodulatory medication fills remains unclear.
Despite these limitations, there are important implications of
the study findings. The use of glucocorticoid-sparing immunomodulatory medication among youth with newly diagnosed SLE
is lower than evidence-based practice would suggest is desirable.
Further work is needed to better characterize physician prescribing practices and medication adherence in this population. This
work will help identify factors contributing to suboptimal use and
inform development of targeted interventions to improve health
outcomes for youth with SLE.
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Clinical Scenario and Long-Term Outcome of Childhood
Takayasu Arteritis Undergoing 121 Endovascular
Interventions: A Large Cohort Over a Fifteen-Year Period
Luyun Fan,1
Jun Cai1

Lirui Yang,2 Dongmei Wei,1 Wenjun Ma,1 Ying Lou,1 Lei Song,1 Jin Bian,1 Huimin Zhang,1 and

Objective. Evidence-based studies on endovascular approaches for childhood Takayasu arteritis (TAK) are limited.
Our objective was to present the largest current real-world scenario for patients with childhood TAK undergoing
interventions and their postinterventional outcomes.
Methods. Data were collected for patients with childhood TAK admitted from 2002 to 2017. Complication/
free survival was projected by Kaplan-
Meier methods. Associated factors for intervention and
reintervention-
predictors for postinterventional complications/reinterventions were assessed via regression models.
Results. Among 101 patients enrolled, 69 (68.3%) underwent 121 interventions (angioplasty 95, stenting 26)
year follow-
up. Compared with the nonintervention group, the intervention group independently
during a 3.1-
associated with a male population (odds ratio [OR] 0.27, P = 0.035) and type IV disease (OR 17.92, P = 0.001). Male
sex also marginally indicated a risk for reintervention (hazard ratio [HR] 3.22, P = 0.05). Baseline retinopathy, delay in
diagnosis, and descending thoracic aorta involvement were associated with stent insertion (P < 0.05). Hypertension
secondary to renal artery stenosis (RAS; 59.4%) or mid-aorta stenosis (MAS; 14.5%), heart failure (21.7%), and
claudication (21.7%) were leading clinical hints for interventions. The technical success rate was 96.7%. During
a median 2.88-year of follow-up after intervention, 36 lesions occurred with complications in 28 patients, and 22
lesions in 17 patients, particularly on the renal artery or mid-aorta. The 5-year complication-free and reinterventionfree survivals were 50.7% and 65.8%, respectively. Peri-interventional dual antiplatelet therapy (DAPT; HR 0.31),
concurrent surgery (HR 26.5), and technical failure (HR 3.65) were independent predictors for complications (P <
0.05). Male sex (HR 2.52), retinopathy secondary to hypertension (HR 3.41), and pulmonary artery hypertension (PAH;
HR 3.64) were baseline indicators for complications (P < 0.05).
Conclusion. Over two-thirds of patients with childhood TAK require interventions, and the 5-year complication-
free survival is 50.7%. Male sex, retinopathy, and PAH at baseline indicate the possibility of unfavorable outcomes.
Interventions on MAS or RAS in childhood TAK raise specific concerns. DAPT peri-intervention appears to protect
patients with childhood TAK from postinterventional complications.
INTRODUCTION
Takayasu arteritis (TAK) is a chronic granulomatous arter
itis predisposed to involving the aorta and its major branches.
Although reported worldwide, TAK presents with sex-, age-, and

regional-propensity for a larger population in women age 20–40
years from Asian countries (1,2). The nature of TAK associates
with immune response and vasculitis invading from the adven
titia, media to intima, which leads to progressive arterial injury,
with lesions such as intimal thickening, stenosis, occlusion, and
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SIGNIFICANCE & INNOVATIONS
• Over two-thirds of 101 patients with childhood
Takayasu arteritis (TAK) required endovascular procedures during a median of 3.1 years of follow-up.
The technical success rate was 96.7%. The 5-year
complication-free and reintervention-free survivals
were 50.7% and 65.8%, respectively.
• Baseline retinopathy, time of delay in diagnosis per
year, and descending thoracic aorta involvement
were associated with stent insertion. Baseline retinopathy secondary to hypertension and pulmonary
artery hypertension also independently indicated a
greater than 3-fold risk of postinterventional complications in childhood TAK.
• Hypertension secondary to renal artery or mid-
aorta stenosis, heart failure, and claudication
served as leading clinical hints for interventions.
Mid-aorta stenosis and renal artery stenosis were
the dominant lesions requiring endovascular
procedures.
• Antiinflammatory and antiplatelet therapies, respectively, covered 89.9% and 92.8% of patients
with childhood TAK under intervention. Dual antiplatelet therapy was first proved to protect patients with childhood TAK from postinterventional
complications.

aneurysm formation. Early-stage clinical presentations of TAK are
generally systemic or have nonspecific symptoms, and organ or
extremity ischemic complications can occur after progressive arte
rial damage. The classical treatment protocol includes the routine
use of glucocorticoid therapy (40–60 mg/day prednisone equiva
lent) and nonbiologic glucocorticoid-sparing agents as induction
therapy in patients with active TAK, and a gradual glucocorticoid-
tapering process. Despite medical treatment, vascular injury can
persist with clinical symptoms and/or a risk of unfavorable end-
organ outcomes such as heart failure, stroke, and death. Interven
tional or surgical therapy is therefore indicated (3).
Childhood TAK cohorts, despite being scarcely reported
on, illustrate the diverse proportion of patients undergoing pro
cedures, from 8% to 90% (1). In 2003, Miyata et al analyzed
younger age at operation as a protective factor of survival after
surgical procedure in patients with TAK (4). Patients with child
hood TAK appear to benefit from surgical procedures with limited
complications (4,5). Intervention has been increasingly applied
for comparable mortality and morbidity with open surgery in the
adult TAK population (6–9). However, detailed data on endo
vascular procedures for lesions in childhood TAK are extremely
lacking. Furthermore, patient selection for intervention, perioper
ative management, and potential postprocedural complications
are still to be determined. Therefore, we conducted a study to
related
analyze the clinical course, endovascular procedure-
outcomes, and predictors of patients with childhood TAK who
underwent interventions.
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PATIENTS AND METHODS
Study population and data collection. The current study
was based on a retrospective analysis of 101 consecutive patients
with childhood TAK hospitalized in Fuwai Hospital between 2002
and 2017, including 5 patients prospectively recruited (see Sup
plementary Figure 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24387/
abstract). A case search of recorded “TA diagnosis” and “age at
hospitalization under 18 years” was conducted via the electronic
information system, recording scanned handwritten (2006 back
ward) and electronic medical charts prospectively. Medical charts
at each admission or clinic of all patients were reviewed to recon
firm the diagnosis of childhood TAK, based on clinical, laboratory,
and imaging evidence (i.e., catheter-based angiography, magnetic
resonance angiography, computed tomographic angiography or
in conjunction with positron emission tomography), as previously
described (10). All recruited patients fulfilled the 2010 European
Alliance of Associations for Rheumatology/Paediatric Rheumatol
ogy International Trials Organisation/PReS criteria (11) for pedi
atric TAK diagnosis (including 69 cases also satisfying the 1990
American College of Rheumatology criteria [12] for TAK diagno
sis), except for 3 patients mainly presenting with coronary arteritis
or pulmonary arteritis reconfirmed with childhood TAK diagnosis
after expert panel discussion (10).
Data were compared between 69 patients undergoing at least
1 endovascular procedure and 32 patients managed by medi
cal treatment alone and/or concurrent open surgery, including 2
with aortic valve replacement, 1 with mitral valve replacement for
infective endocarditis, 1 with a bypass graft from the right axillary
artery to the left iliac artery, and 1 with a bypass graft from the
right axillary artery to the femoral artery. For each patient, data at
the first admission (baseline) and at the time of intervention were
collected: age at TAK onset, at diagnosis/admission, and at the
first intervention, sex, body mass index, clinical presentations,
biomarkers (erythrocyte sedimentation rate [ESR, normal value
<20 mm/hour] and C-reactive protein [CRP, normal value <6 mg/
dl] level), imaging features, and medications. Data abstracted were
entered into a database using Epidata (version 3.1). The angio
graphic classification was based on the criteria proposed by Hata
et al (13). Inflammation activity was identified according to the US
National Institutes of Health (NIH)/Kerr criteria (14). This study was
approved by the local ethics committee (No. 2016-842). Written
consent was waived for the de-identified data for the retrospective
cohort and obtained for prospectively recruited patients.
Medication and intervention. Case-by-case evaluations
for medication and procedure decision were made after compre
hensive discussion between interventional cardiologists, surgeons,
responsible physicians, and patients. General principles for med
ications at active phase were first-line glucocorticoids (i.e., pred
nisone 0.5–1 mg/kg/day at least 1/month and gradual tapering after
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inflammation control to 5–10 mg per day for at least 6 months in
conjunction with close activity monitoring) and immunosuppres
sants added under the condition of uncontrolled inflammation or
severe side effects after glucocorticoid description, in reference to
patient preference, clinical decision, and resources limited in our
center (10). Antiplatelet treatment consisting of aspirin 100 mg/
day (particularly 3 days prior to and 6 months after procedures),
or aspirin 100 mg/day plus clopidogrel 75 mg/day (dual antiplatelet
therapy [DAPT], mainly 2 days prior to and minimally 1 month after
procedures) were commonly used in patients under interventions.
Antiplatelet treatment can also be prescribed routinely for primary or
secondary prevention (10,15,16).
General indications for endovascular procedures included
severe hypertension (i.e., grade 2–
3 hypertension, refractory
hypertension, progressive hypertension, concurrent with tran
sient acute pulmonary edema, unstable angina, single functional
kidney, or dual renal artery involvement and decreased renal
function) or severe extremity and/or end-organ ischemia (i.e.,
severe claudication, myocardial infarction), angiographic evi
dence (i.e., arterial stenosis ≥70%), and sufficient inflammation
control in addition to lethal situations requiring immediate inter
vention (17). Procedural success was defined as <50% lumen
residual stenosis out of dissection. Data on detailed clinical indi
cations for interventions, types of each procedures, vascular
beds/lesions under interventions, and perioperative medications
were recorded.
Outcomes for the intervention. The outcomes
patient and out-
patient medical records
depended on both in-
and telephone survey. All endovascular procedure-related com
plications and correct time of complication onset were recorded.
Early complications were defined as restenosis, bleeding, stroke,
and/or other complications within 30 days after interventions, not
attributable to another condition. Late complications were iden
tified as restenosis, thrombosis, stroke, bleeding, and/or other
complications 30 days after the procedure (7). Significant postop
erative restenosis was defined as >50% stenosis of a previously
patent artery, or restenosis requiring further surgical and/or inter
ventional procedures, on the basis of definite imaging evidence.
Statistical analysis. Categorical variables were expressed
as frequency and percentage. Continuous variables were
described as median and interquartile range (IQR) or mean ± SD.
Differences between the intervention and nonintervention groups
and differences between the angioplasty and stenting groups
were tested via chi-square test, Fisher’s exact test, independent
t-test, or Whitney U test according to data distribution. Associa
tions between variables and intervention/stenting were evaluated
through logistic regression model with odds ratios (ORs) and
95% confidence intervals (95% CIs) described. Predictive factor
evaluations of complication/reintervention were analyzed using a
Cox regression model with hazard ratios (HRs) and 95% CIs. All
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complete variables that appeared in at least 3 cases with a P value
less than 0.05 in the univariate model, and potential confounding
factors including sex, age at admission/intervention, and years of
delay in diagnosis served as significant candidates for multivariate
analysis. A forward stepwise selection algorithm was performed
in multivariate analysis. Procedural-related outcome-free survivals
were evaluated by Kaplan-Meier curves. All statistical tests were
performed at a significance level of 2-sided 0.05 with SPSS soft
ware, version 21, and GraphPad Prism 7 in practice.

RESULTS
Baseline features of patients with childhood TAK
under intervention. Table 1 shows the baseline characteristics
of 69 patients with childhood TAK undergoing intervention during
a median 3.1-year (IQR 1-6.7) follow-up since admission, in com
parison with 32 of the nonintervention group. Their median age
at admission was 16 years (IQR 14–17), and the median duration
of delay in diagnosis was 1 year (IQR 0.17–2.26). Male patients
comprised 18.8% of the intervention group (versus 34.3% in
the nonintervention group; P = 0.088). The main presentations
in the intervention group included hypertension (78.3% in the
intervention group versus 53.1% in the nonintervention group;
P = 0.01), asymmetric blood pressure (56.5%), bruits (52.2%),
pulse decreases (37.7%), and heart failure (23.2%). Retinopathy
after ocular examination was confirmed in 37.7%. Type IV disease
involving the abdominal aorta and/or renal artery was the domi
nant angiographic type for the intervention group (47.8% versus
15.6%; P = 0.002), followed by effuse type V disease, particularly
involving the area from the ascending aorta to the abdominal aorta
(27.5% versus 40.6%; P = 0.19).
Typical lesions were stenosis (92.8%), occlusion (62.3%),
vessel wall thickening (29%), dilation or aneurysm (26.1%), and
narrowing (17.4%). Active disease via NIH criteria was observed in
59.4% (versus 62.5%; P = 0.77). In the intervention group, a higher
proportion of patients received antiplatelet drugs than patients
in the nonintervention group (81.2% versus 53.1%; P = 0.003)
with aspirin alone in 50.7% (versus 43.8%; P = 0.51) and dual
antiplatelet drugs in 30.4% (versus 9.4%; P = 0.021). A similar
trend was observed on antiinflammatory therapy (89.9% versus
56.3%; P = 0.001), mainly including prednisone (88.4% versus
56.3%; P = 0.001) with a median dosage of 0.44 mg/kg/day (IQR
0.33–0.55) versus 0.55 (IQR 0.44–0.70; P = 0.014). Among all
patients with hypertension, 2 (IQR 1–2) types of antihypertensive
agents were used (2 [IQR 1–2] in the intervention group versus 2
[IQR 2–2] in the nonintervention group; P = 0.57). After multivari
ate analysis, male sex (OR 0.27 [95% CI 0.08–0.91], P = 0.035),
antiplatelet therapy (OR 4.2 [95% CI 1.27–13.86], P = 0.018), anti
inflammatory therapy (OR 10.6 [95% CI 2.45–45.85], P = 0.002),
and type IV disease (OR 17.92 [95% CI 3.67–87.61], P = 0.001)
at baseline independently were associated with intervention in
patients with childhood TAK.
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Table 1. Baseline features of patients with childhood Takayasu arteritis undergoing intervention compared to those with no
intervention*
Feature
Age at admission, median (IQR) years
Delay in diagnosis, median (IQR) years
Male
Body mass index, <18.5 kg/m2
Hypertension
Claudication
Asymmetric blood pressure
Pulse decreases/deficits
Bruits
Heart failure
Dyspnea
Dizziness
Syncope
Stroke/transient ischemic attack
Blurred vision
Angina pectoris/myocardial infarction
Pulmonary artery hypertension
Systemic symptoms
Musculoskeletal systems
Retinopathy
Type I
Type IIb
Type III
Type IV
Type V
Antiinflammatory therapy
Prednisone
Immunosuppressant
Mycophenolate mofetil
Leflunomide
Methotrexate
Cyclophosphamide
Bosentan
Antiplatelet drugs
Aspirin alone
Dual antiplatelet drugs
Antihypertensive medication
Statins
Elevated ESR (≥20 mm/hour)
Elevated CRP (≥6 mg/dl)
Elevated LDL (>2.6 moles/liter)

Overall
(n = 101)†

Intervention
(n = 69)

Nonintervention
(n = 32)

P

15 (14–17)
0.6 (0.2–2.1)
24 (23.8)
41 (40.6)
71 (70.3)
23 (22.8)
56 (55.4)
38 (37.6)
52 (51.5)
25 (24.8)
30 (29.7)
27 (26.7)
10 (9.9)
8 (7.9)
8 (7.9)
3 (3)
16 (15.8)
30 (29.7)
5 (5)
38 (37.6)
12 (11.9)
10 (9.9)
9 (8.9)
38 (37.6)
32 (31.7)
80 (79.2)
79 (78.2)
11 (10.9)
5 (5)
2 (2)
3 (3)
2 (2)
1 (1)
73 (72.3)
49 (48.5)
24 (23.8)
61 (60.4)
5 (5.0)
33 (32.7)
35 (34.7)
19 (18.8)

16 (14–17)
1 (0.17–2.26)
13 (18.8)
22 (31.9)
54 (78.3)
15 (21.7)
39 (56.5)
26 (37.7)
36 (52.2)
16 (23.2)
21 (30.4)
21 (30.4)
7 (10.1)
6 (8.7)
4 (5.8)
2 (2.9)
10 (14.5)
18 (26.1)
3 (4.3)
26 (37.7)
6 (8.7)
7 (10.1)
4 (5.8)
33 (47.8)
19 (27.5)
62 (89.9)
61 (88.4)
5 (7.2)
2 (2.9)
1 (1.4)
1 (1.4)
0 (0)
1 (1.4)
56 (81.2)
35 (50.7)
21 (30.4)
47 (68.1)
3 (4.3)
21 (30.4)
22 (31.9)
13 (18.8)

15 (14–17)
0.57 (0.17–2.04)
11 (34.3)
19 (59.4)
17 (53.1)
8 (25.0)
17 (53.1)
12 (37.5)
16 (50.0)
9 (28.1)
9 (28.1)
6 (18.8)
3 (9.4)
2 (6.3)
4 (12.5)
1 (3.1)
6 (18.8)
12 (37.5)
2 (6.3)
12 (37.5)
6 (18.8)
3 (9.4)
5 (15.6)
5 (15.6)
13 (40.6)
18 (56.3)
18 (56.3)
6 (18.8)
3 (9.4)
1 (3.1)
2 (6.3)
2 (6.3)
0 (0)
17 (53.1)
14 (43.8)
3 (9.4)
14 (43.8)
2 (6.3)
12 (37.5)
13 (40.6)
6 (18.8)

0.66
0.77
0.088
0.009‡
0.01‡
0.72
0.75
0.99
0.84
0.59
0.81
0.22
1.00
1.00
0.26
1.00
0.59
0.24
0.65
0.99
0.19
1.00
0.14
0.002‡
0.19
0.001‡
0.001‡
0.10
0.32
0.54
0.24
0.10
1.00
0.003‡
0.51
0.021‡
0.02‡
0.65
0.48
0.39
0.99

* Values are the number (%) unless indicated otherwise. CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; IQR =
interquartile range; LDL = low-density lipoprotein.
† Data from reference 10.
‡ Statistically significant.

Among the intervention group, 45 patients (65.2%) under
went angioplasty, and 24 (34.8%) received stenting. Supplemen
tary Table 1, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24387/abstract,
shows detailed features at baseline for the 2 groups, with com
parable demographic, clinical, laboratory, and therapeutic fea
tures. After multivariate analysis, independently associated factors
of stenting included retinopathy (OR 4.8 [95% CI 1.19–19.33],
P = 0.027), dual antiplatelet drugs (OR 10.88 [95% CI 2.14–
55.37], P = 0.004), thoracic aorta involvement (OR 10.19 [95%
CI 2.15–48.27], P = 0.003), and increasing years of delay in child
hood TAK diagnosis (OR 1.76 [95% CI 1.11–2.77], P = 0.016).

Characteristics of patients with childhood TAK at
the time of intervention. Table 2 shows detailed features of
childhood TAK at the time of intervention. The median duration
from childhood TAK onset to intervention and from childhood TAK
diagnosis to intervention were 1.02 years (IQR 0.27–2.71) and
0.4 months (IQR 0.1–3.2), respectively. Major clinical presenta
tions included hypertension secondary to renal stenosis (59.4%)
or mid-aorta stenosis (14.5%), heart failure (21.7%), and claudica
tion (21.7%). Compared with the angioplasty group, the stenting
group presented with more hypertension caused by mid-aorta
stenosis (37.5% versus 2.2%; P = 0.001). Elevated ESR and ele
vated CRP level were observed in 14.5% and 26.1%, respectively.
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Characteristics of patients with childhood Takayasu arteritis at the time of intervention*
Characteristic

Age at intervention, median (IQR) years
Time from onset to intervention, median (IQR)
years
Time from diagnosis to intervention, median
(IQR) months
Clinical indications
Hypertension
Secondary to RAS
Secondary to MAS
Heart failure
Claudication
Upper-extremity claudication
Lower-extremity claudication
Cerebrovascular system
Stroke
Transient ischemic attack
Amaurosis
Syncope
Dizziness
Ocular system
Blurred vision
Fundus hemorrhage
Angina pectoris
Pulmonary hypertension
Medications
Antiinflammatory therapy
Prednisone
Immunosuppressant
Antiplatelet drugs
DAPT
Antihypertensive therapy
ACEI/ARB
CCB
Beta blocker
Laboratory results
Elevated ESR (≥20 mm/hour)
Elevated CRP (≥6 mg/dl)

Overall intervention
(n = 69)

Angioplasty
(n = 45)

Stenting
(n = 24)

P

15.8 (14.1–17.2)
1.02 (0.27–2.71)

15.5 (14–17)
1.01 (0.26–2.06)

16 (14–18)
2.09 (0.34–3.78)

0.44
0.17

0.4 (0.1–3.2)

0.3 (0.1–3.8)

0.5 (0.14–2.44)

0.98

51 (73.9)
41 (59.4)
10 (14.5)
15 (21.7)
15 (21.7)
9 (13)
8 (11.6)
11 (15.9)
2 (2.9)
1 (1.4)
5 (7.2)
5 (7.2)
1 (1.4)
6 (8.7)
5 (7.2)
1 (1.4)
2 (2.9)
3 (4.3)

31 (68.9)
29 (64.4)
1 (2.2)
9 (20)
10 (22.2)
8 (17.8)
3 (6.7)
8 (17.8)
0 (0)
1 (2.2)
5 (11.1)
4 (8.9)
1 (2.2)
4 (8.9)
4 (8.9)
0 (0)
1 (2.2)
2 (4.4)

20 (83.3)
12 (50)
9 (37.5)
6 (25)
5 (20.8)
1 (4.2)
5 (20.8)
3 (12.5)
2 (8.3)
0 (0)
0 (0)
1 (4.2)
0 (0)
2 (8.3)
1 (4.2)
1 (4.2)
1 (4.2)
1 (4.2)

0.19
0.25
0.001†
0.63
0.89
0.15
0.12
0.74
0.12
1.00
0.16
0.65
1.00
1.00
0.65
0.35
1.00
1.00

62 (89.9)
60 (87)
6 (8.7)
64 (92.8)
25 (36.2)
45 (65.2)
20 (29)
38 (55.1)
39 (56.5)

42 (93.3)
40 (88.9)
6 (13.3)
42 (93.4)
11 (24.4)
27 (60.0)
16 (35.6)
24 (53.3)
24 (53.3)

20 (83.3)
20 (83.3)
0 (0)
22 (91.7)
14 (58.3)
18 (75.0)
4 (16.7)
14 (58.3)
15 (62.5)

0.23
0.71
0.085
1.00
0.005†
0.21
0.1
0.69
0.46

10 (14.5)
18 (26.1)

5 (11.1)
12 (26.7)

5 (20.8)
6 (25)

0.3
0.88

* Values are the number (%) unless indicated otherwise. ACEI = angiotensin-converting enzyme inhibitors; ARB = angiotensin receptor blockers;
CCB = calcium-channel blockers; CRP = C-reactive protein; DAPT = dual antiplatelet therapy; ESR = erythrocyte sedimentation rate; IQR =
interquartile range; MAS = mid-aorta stenosis; RAS = renal artery stenosis.
† Statistically significant.

Dominant periprocedural medications were antiinflammatory ther
apy (89.9%), antiplatelet therapy (92.8%, including aspirin mono
therapy [56.5%] and DAPT [36.2%]), and median 2 (IQR 1–2) types
of antihypertensive drugs (2 [IQR 1–3] in the angioplasty group
versus 2 [IQR 1–2] in the stenting group; P = 0.70). Prednisone
was prescribed in 87% of patients, with a dosage of 0.49 mg/
kg/day (IQR 0.35–0.60) (angioplasty group 0.50 [IQR 0.35–0.60]
versus 0.49 [IQR 0.31–0.57] in the stenting group; P = 0.53). Six
patients received immunosuppressants, including leflunomide,
cyclophosphamide in 2, mycophenolate mofetil, methotrexate,
and bosentan in 1 with pulmonary arteritis. One patient was pre
scribed with warfarin. In addition, patients in the stenting group
received more DAPT (58.3% versus 24.4%; P = 0.005). Other
features were balanced between the angioplasty group and stent
ing group.

Location and type of lesions under intervention. The
69 patients with childhood TAK underwent 121 procedures, includ
ing 95 percutaneous transluminal angioplasties (78.5%) and 26
stentings (21.5%) (Table 3). The distribution of lesions under pro
cedures included 64 renal artery (52.9%), 15 mid-aorta (12.4%), 33
supra-aortic arch and branches (27.3%), 3 iliac artery (2.5%), 2 fem
oral artery (1.7%), 3 pulmonary artery (2.5%), and 1 coronary artery
(0.8%). The type of lesions included 106 stenosis (87.6%), 14 occlu
sion (11.6%), and 1 concurrent aneurysm and dissection (0.8%).
Of 95 lesions undergoing angioplasty, 53 were renal artery (55.8%),
and 32 were supra-aortic arch artery (33.7%), including 14 sub
clavian artery (14.7%) and 10 carotid artery (10.5%). Of 26 lesions
receiving stenting, 12 were mid-aortic (46.2%), particularly thoracic
aorta (38.5%), and 11 were renal artery (42.3%). The median num
ber of procedures on each patient was 2 (IQR 1–2) in the overall
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Location and type of lesions undergoing intervention*

Vascular beds undergoing intervention
Renal artery
Midaorta
Descending thoracic aorta
Descending abdominal aorta
Supra-aortic arch artery
Carotid artery
Brachiocephalic trunk
Subclavian artery
Axillary artery
Vertebral artery
Iliac artery
Femoral artery
Pulmonary artery
Coronary artery
Type of lesion undergoing intervention
Stenosis
Occlusion
Concurrent aneurysm and dissection
Residual stenosis
Technical failure, residual stenosis >50%

Overall intervention
(n = 121)

Angioplasty
(n = 95)

Stenting
(n = 26)

P

64 (52.9)
15 (12.4)
11 (9.1)
4 (3.3)
33 (27.3)
10 (8.3)
2 (1.7)
15 (12.4)
2 (1.7)
4 (3.3)
3 (2.5)
2 (1.7)
3 (2.5)
1 (0.8)

53 (55.8)
3 (3.2)
1 (1.1)
2 (2.1)
32 (33.7)
10 (10.5)
2 (2.1)
14 (14.7)
2 (2.1)
4 (4.2)
2 (2.1)
2 (2.1)
3 (3.2)
0 (0)

11 (42.3)
12 (46.2)
10 (38.5)
2 (7.7)
1 (3.8)
0 (0)
0 (0)
1 (3.8)
0 (0)
0 (0)
1 (3.8)
0 (0)
0 (0)
1 (3.8)

0.22
0.001†
0.001†
0.20
0.002†
0.12
1.00
0.19
1.00
0.58
0.52
1.00
1.00
0.22

106 (87.6)
14 (11.6)
1 (0.8)
12 (9.9)
4 (3.3)

83 (87.4)
12 (12.6)
0 (0)
9 (9.5)
4 (4.2)

23 (88.5)
2 (7.7)
1 (3.8)
3 (11.5)
0 (0)

1.00
0.73
0.22
0.72
0.58

* Values are the number (%) unless indicated otherwise.
† Statistically significant.

group, 2 (IQR 1–2) in the angioplasty group, and 1 (IQR 1–2) in the
stenting group (P = 0.084). Residual stenosis was observed in 12
lesions (9.9%) of 10 patients (14.5%), all on renal arteries. Interven
tion failure (residual stenosis ≥50%) was observed in 4 lesions (3.3%)
of 3 patients (4.3%). Concurrent surgeries occurred in 3 patients,
including coronary artery bypass surgery for 99% stenosis of the left
circumflex artery, bypass surgery from the ascending aorta to the
common carotid artery for the right carotid artery, subclavian artery
occlusion, and pseudoaneurysm resection.
Complications and reinterventions after the endovascular procedures. Table 4 shows the complications and
reinterventions after procedures. The median time until the last
follow-
up since intervention was 2.88 years (IQR 0.62–
4.86).
Table 4.

Durations from the first intervention to complication and to reinter
vention were 1.04 (IQR 0.02–3.55) and 1.81 (IQR 0.5–4.01) years,
respectively. Among patients, 28 (40.6%) experienced procedure-
related complications, and 17 (24.6%) had reinterventions. The
overall 1-year, 3-year, 5-year, and 8-year complication-free sur
vival rates were 72.4% (95% CI 58.7–82.2), 59.5% (95% CI 44.9–
71.5), 50.7% (95% CI 35.4–64.2), and 27% (95% CI 6.6–53.3),
respectively (Figure 1). Overall, 9 patients (13%) were observed
with 10 (8.3%) early complications (≤30 days), including 1 resteno
sis, 3 bleedings, 1 dissection, and 5 complications at the puncture
site (2 pseudoaneurysms, 2 local hematomas, 1 arteriovenous fis
tula). Twenty-three patients (33.3%) experienced 28 (23.1%) late
complications (>30 days), including 27 restenosis in 22 cases and
1 thrombosis. No death and/or stroke were observed. Locations

Complications and reinterventions after the endovascular procedures*

Early complications (≤30 days)
Restenosis
Bleeding
Stroke
Dissection
Complications at puncture
sites
Late complications (>30 days)
Restenosis
Thrombosis
Stroke
Bleeding
Reintervention

Overall intervention
(n = 121)

Angioplasty
(n = 95)

Stenting
(n = 26)

P

10 (8.3)
1 (0.8)
3 (2.5)
0 (0)
1 (0.8)
5 (4.1)

10 (10.5)
1 (1.1)
3 (3.2)
0 (0)
1 (1.1)
5 (5.3)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

0.12
1.00
0.60
NA
1.00
0.36

28 (23.1)
27 (22.3)
1 (0.8)
0 (0)
0 (0)
22 (18.2)

18 (18.9)
18 (18.9)
0 (0)
0 (0)
0 (0)
13 (13.7)

10 (38.5)
9 (34.6)
1 (3.8)
0 (0)
0 (0)
9 (34.6)

0.04†
0.09
0.22
NA
NA
0.02†

* Values are the number (%) unless indicated otherwise. NA = not applicable.
† Statistically significant.
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Figure 1. Complication-
free and reintervention-
free survival
curves in patients with childhood Takayasu arteritis undergoing
interventions.

of lesions (n = 36, 29.8%) involving complications were thoracic
aorta (n = 5, 13.9%), abdominal aorta (n = 2, 5.6%), left renal
artery (n = 9, 25%), right renal artery (n = 12, 33.3%), left carotid artery
(n = 1, 2.8%), left subclavian artery (n = 1, 2.8%), pulmonary artery
(n = 1, 2.8%), and right femoral artery (n = 5, 13.9%). A lesion
on the renal artery and a lesion on the thoracic aorta had both
early and late complications. The overall 1-year, 3-year, 5-year, and
8-year reintervention-free survival rates were 88.8% (95% CI 76.7–
94.8), 75.4% (95% CI 60.5–85.3), 65.8% (95% CI 48.9–78.3), and
52.6% (95% CI 25.1–74.2), respectively (Figure 1). Dominant sites
of lesions (n = 22, 18.2%) undergoing reinterventions (17 patients,
24.6%) included thoracic aorta (n = 3, 13.6%), abdominal aorta
(n = 1, 4.5%), left renal artery (n = 7, 31.8%), right renal artery (n = 9,
40.9%), iliac artery (n = 1, 4.5%), and coronary artery (n = 1, 4.5%).
Prognostic factors associated with postprocedural
outcomes. After univariate Cox analysis, associated factors with
complications included: 1) aspirin monotherapy (P = 0.03), DAPT
(P = 0.03), concurrent surgery (P = 0.002), occlusion (P = 0.04),
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and technical failure (P = 0.02) at the time of procedures; 2) heart
failure (P = 0.03), weight loss (P = 0.03), retinopathy secondary
to hypertension (P = 0.001), antiplatelet therapy (P = 0.04), and
pulmonary artery hypertension (PAH; P = 0.001) at baseline (see
Supplementary Table 2, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24387/
abstract). Multivariate model 1 (only entering per-
procedural
variables) eventually retained DAPT (HR 0.31 [95% CI 0.1–0.8],
P = 0.02), concurrent surgery (HR 26.5 [95% CI 4.5–
156.1],
P = 0.001), and technical failure (HR 3.65 [95% CI 1.04–12.8],
P = 0.043) (Figure 2). Model 2 (only entering baseline features, see
Supplementary Figure 2, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24387/
abstract) maintained male sex (HR 2.52, P = 0.048), retinopathy
secondary to hypertension (HR 3.41, P = 0.004), and PAH (HR
3.64, P = 0.005). Similar models for reintervention presented: 1)
independent factors at the time of procedure (Figure 2) includ
ing numbers of stentings per patient (HR 3.66 [95% CI 1.4–9.6],
P = 0.008), technical failure (HR 15.6 [95% CI 2.8–87], P = 0.001),
and male sex (HR 3.22 [95% CI 1.0–10.4], P = 0.05); 2) baseline
predictors (see Supplementary Figure 2, available at http://online
library.wiley.com/doi/10.1002/acr.24387/abstract) with male sex
(HR 3.38, P = 0.032) and use of statins (HR 13.03, P = 0.002).
Era effect. Supplementary Table 3, available on the Arthritis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24387/
abstract, shows in detail the baseline
characteristics of patients with childhood TAK under intervention
enrolled in the early period (2002–2009, n = 30) and late period
(2010–2017, n = 39). The early group appeared with a larger pro
portion of claudication (33.3% versus 12.8%; P = 0.04), blurred
version (13.3% versus 0.0%; P = 0.03), retinopathy (63.3% versus
17.9%; P = 0.001), dual antiplatelet drugs (56.7% versus 10.3%;
P = 0.001), and stenting operations (53.3% versus 20.5%; P = 0.005),
but a fewer proportion of computed tomographic angiography
operations (23.3% versus 74.4%; P = 0.001), abdominal aorta
involvement (30% versus 56.4%; P = 0.03), vessel wall thickening
(13.3% versus 41.0%; P = 0.01), and aspirin monotherapy (30%
versus 66.7%; P = 0.003). No statistically significant difference

Figure 2. Periprocedural prognostic factors for complications and reinterventions in patients with childhood Takayasu arteritis after multivariate
Cox analysis. 95% CI = 95% confidence interval; HR = hazard ratio.
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was observed regarding other demographic, clinical, imaging, and
therapeutic features, and in terms of postinterventional outcomes.

DISCUSSION
This study presented a real-
world scenario of the largest
cohort to date for patients with childhood TAK undergoing endo
vascular procedures and their initial and midterm postprocedural
outcomes. Our cohort observed 68.3% of patients with childhood
TAK experiencing a median of 2 interventional procedures within
3.1 years since hospitalization. Fewer male patients and more
localized abdominal aorta and/or renal artery involvement (type
IV disease) were independently associated with interventions in
our cohort. Previous studies have analyzed male sex as a poor
predictor for TAK, correlating to aortic aneurysm, extensive aor
tic lesions (type V disease), and a 2-fold risk of disease relapse,
even in patients at younger onset age (18–20). Ishikawa et al fol
lowed up 120 patients with TAK for 13 years and identified aor
tic aneurysm as one of the major complications, a predictor for
poor outcomes (21). Open surgery remains common in aneurysm
repair for life-threatening rupture prevention (>2 cm with potential
progression) (22), although with low incidence (23), whereas aortic
stents and stent-grafts can offer alternatives (2). Type V disease
has been suggested to be associated with unfavorable outcomes
and/or disease activity (24–27). Long and extensive lesions are
often mature and more rigidly fibrotic. These pathologic conditions
limit a guidewire across and require higher inflation pressure for
TAK compared with atherosclerotic lesions but lead to a potential
risk for complications such as dissection.
In comparison, type IV disease shows an easier and more
stable recovery from inflammation after steroid prescriptions (28),
underpinning successful intervention with a low risk of complica
tions (7). We also analyzed male sex as an approximately 3-fold
independent predictor for complication and reintervention in the
childhood TAK population, suggesting that sex may play a role not
only in anatomic site involvement but also in disease progression.
Careful treatment selection after multidisciplinary consultation and
intense follow-up are thus critical, particularly in the male child
hood TAK population.
Clinical indicators for endovascular procedures in our child
hood TAK cohort particularly included hypertension secondary
to mid-aorta stenosis (MAS) and/or renal artery stenosis (RAS),
heart failure, claudication, and cerebrovascular ischemic symp
toms. MAS is a rare clinical entity in a young population with steno
sis on thoracic aorta and/or abdominal aorta. A systematic review
of 630 childhood MAS cases found hypertension (86.5%) and
claudication (10.3%) as core manifestations, and 70% concurrent
with RAS (29). Childhood TAK, apart from unknown factors and
genetic disorders such as Williams syndrome, particularly con
tributes to MAS/RAS (29,30). Studies from diverse centers have
approved angioplasty as the primary procedure on RAS for both
adult and pediatric patients with TAK with encouraging 5-year

|

1685

91.7%). Repeated angioplasties and anti
patency rates (67–
hypertensive agents show significance for thorough procedural
and clinical responses. Stent insertion or surgery is commonly
reserved for postoperative complications such as dissection or
refractory stenosis (6,15,31–33). In contrast, both endovascular
and surgical methods on MAS in adult TAK appear safe and show
excellent immediate and long-term durability (16,34,35).
However, management for MAS in childhood TAK remains
unclear. Rumman et al found 93 children (including 21 childhood
TAK cases) with MAS/RAS recruited over a 30-year span. In all,
50% and 31.8% of patients required intervention and surgery,
respectively. During a 2-year follow-up, postprocedural complica
tions occurred in 18.2% and 42.9%, respectively, while hyperten
sion remained in 64.6% of the all-invasive group (30). In our cohort,
40.6% and 24.6% of patients with childhood TAK experienced
complications and reinterventions, respectively, over a 2.88-year
follow-up. Remarkably, 77.8% of complications and 87% of rein
terventions presented on MAS and/or RAS. Young age, potential
for aorta growth, the progressive inflammatory nature of childhood
TAK, potential need for repeated procedures, and continuous anti
hypertensive medications are thus important for selecting the pro
cedure on MAS and/or RAS in childhood TAK. In addition, >20%
of our patients needing intervention experienced heart failure, the
leading cause for death in childhood TAK and probably inhibiting
successful anesthesia and surgery (10). We previously found that
in patients with childhood TAK hospitalized from 2012 to 2017
with acute heart failure, the failures were all caused by MAS. Angi
oplasty alone or with stent implantation can urgently rescue heart
failure caused by childhood TAK, even in the context that disease
activity was not adequately suppressed (17).
Moreover, our cohort revealed retinopathy, thoracic aorta
involvement, and delay in diagnosis as positively associated with
stenting. Comarmond et al (20) and Ishikawa et al (21) proved
retinopathy isolated or integrated with a progressive clinical
course and/or thoracic aorta involvement stratifying high-risk TAK.
Retinopathy can succeed to severe hypertension, particularly in
patients with a longer delay to TAK diagnosis, or can be directly
involved by inflammation. The former was also observed as a
>3-fold risk predictor for postinterventional complications in our
study. A progressive interventional method may thus be indicated.
Further studies in childhood TAK are necessary on selection and
outcome comparison for diverse endovascular approaches for
different lesions.
Although optimal methods for TAK activity assessment are
lacking, a widespread and evidence-based agreement is to per
form procedures after inflammation control (3). In our cohort,
the majority of the intervention group required antiinflammatory
and antiplatelet therapies following their admission. The high pro
procedural antiinflammatory agent prescriptions
portion of per-
(89.9%), even in patients at a quiescent disease stage (10), might
explain the negative correlation between traditional inflammation
indicators and postprocedural outcomes in our cohort. Enhanced
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platelet function, procoagulant factors activation, and a conse
quent hypercoagulable state are observed in TAK (36,37). Only
1 previous study focused on the effect of antiplatelet agents on
ischemic events in TAK. That study evaluated 48 adult patients
with TAK, with 62.5% using aspirin (particularly 100–200 mg per
day, including 1 combined with clopidogrel) and proved its pro
tective effect after multivariate adjustment, although 1 patient
appeared with upper gastrointestinal bleeding (38).
Our study first identified peri-
interventional DAPT (aspirin
100 mg/day plus clopidogrel 75 mg/day, generally 2 days prior
to and minimally 1 month after procedures) as a protective factor
against postinterventional complications in childhood TAK. Three
bleedings of 121 procedures (2.5%) occurred within a month
after operation, including pulmonary hemorrhage, slight bleeding
on the left renal artery, and right retroperitoneal hematoma after
renovascular angioplasty. Antiplatelet therapy seems to prevent
childhood TAK from ischemic complications with limited safety
concerns. Notably, high-dose steroids prescribed in TAK might
increase the risk of bleeding. Prescription of antiplatelet medica
tions should be cautious in TAK. Evidence is still insufficient, and
detailed treatment methods or courses still need more evaluation
for primary or secondary prevention (3).
The technical success rate of intervention in childhood TAK
reached 96.7%, and all our patients survived during the study
period. However, the 5-year complication-free and reintervention-
free survival rates were merely 50.7% and 65.8%, respectively,
comparable to adult TAK (7). PAH at baseline appeared to indi
cate postinterventional complications. The prevalence rate of pul
monary artery involvement widely varies in diverse TAK cohorts
(33–86%) (39–41). Among such cohorts, patients with TAK with
PAH present a 7-fold mortality rate and associate with death and/
or aneurysm formation (39–
40). PAH also indicates a 13-
fold
risk of vascular or valvular surgery (42), indicating the severity
of the condition and the need for cautious management. Inva
sive approaches on pulmonary artery lesions in TAK are under-
investigated, although small case series report modalities such as
bypass grafts, percutaneous transluminal pulmonary angioplasty,
and stenting (2). In addition, statin use indicated reintervention in
our cohort. The use of statins generally reveals a hyperlipidemic
state and/or potential risk of atherosclerosis. Cohen Tervaert con
firmed an association between systemic vasculitis and acceler
ated atherosclerosis (43). Despite being free from traditional risk
factors, young female patients with TAK present with atheroscle
rotic complications (44). Ongoing inflammation of TAK might lead
to endothelial alternations, lipid cell or blood cells infiltration, and
atherosclerosis. Intriguingly, a Korean study presented an inverse
association of statin therapy with TAK relapse (adjusted HR 0.26,
P = 0.001) (45). Further large and prospective studies are neces
sary to evaluate the effect of statins in patients with TAK.
This study has some limitations to consider. Our analysis was
subject to the nature of retrospective review of medical charts for
patients, although we prospectively recruited a few patients from
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January 2017 onward. The long span of consecutive patients’
enrollment can contribute to changes in diagnostic and therapeu
tic modalities for childhood TAK and potential bias. Additionally, all
patients were probably transferred from several medical centers
across mainland China and hospitalized in a tertiary referral center,
with a potential of referral bias. In addition, the sample size was small
despite being the largest cohort to date. This fact partially limited the
ability to do statistical evaluation for risk factor identification, although
a forward stepwise regression method was performed. Finally, pro
spective and multicenter settings would be ideal in future investiga
tions but can be challenging for such a rare and complex disease.
thirds of patients with childhood TAK required
Over two-
endovascular procedures (total 121; angioplasty 95; stenting 26)
during 3.1 years of follow-up. The technical success rate was
96.7%. The 5-year complication-free and reintervention-free sur
vivals were 50.7% and 65.8%, respectively. Compared with the
nonintervention group, the intervention group had a smaller male
population and more type IV disease. Male sex indicates a risk for
postinterventional complication and reintervention. Hypertension
secondary to RAS or MAS, heart failure, and claudication serve
as leading clinical hints for intervention. MAS/RAS are dominant
lesions requiring interventions but also dominant lesions with com
plications or reinterventions. Retinopathy, delay in diagnosis, and
thoracic aorta involvement were associated with stent insertion.
Retinopathy secondary to hypertension also indicated postinter
ventional complications. Antiinflammatory and antiplatelet ther
apies per-
intervention covered 89.9% and 92.8% of patients,
respectively. DAPT appeared to protect patients with childhood
TAK from postinterventional complications.
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Significant Decline in the Incidence of Behçet’s Disease in
South Korea: A Nationwide Population-Based Study
(2004–2017)
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Objective. Long-term population-based data on change in the incidence of Behçet’s disease (BD) are scarce,
although a possible decline has been reported. The present study was undertaken to investigate the incidence,
survival, and mortality of BD patients from 2004 to 2017 in the Republic of Korea.
Methods. We analyzed a registry of rare intractable diseases and a claims database from the Health Insurance
and Review Agency with information on BD patients between 2004 and 2017 using uniform diagnostic criteria. The
study period was divided into 3 time periods: 2004–2006, 2007–2010, and 2011–2017.
Results. The annual incidence of BD decreased from 8.15 per 100,000 in 2004 to 1.51 in 2017, an 81.5%
decrease. The annual percentage change was 6.32% for female patients and 6.15% for male patients. The decrease
in BD incidence was greater for women and middle-aged people. The 3-year survival rate of BD patients during the
2011–2017 period was lower than that of BD patients in 2004–2006 and 2007–2010, although there was no statistical
difference. The standardized mortality rates increased significantly in the 2011–2017 period compared to the first 2
periods.
Conclusion. BD incidence decreased from 2004 to 2017 in the Republic of Korea. This decline in incidence might
be attributable to changes in environmental factors, including a reduction in the burden of infectious diseases in the
past decades and improvement in oral health during childhood. The unprecedented decline in the incidence of BD
in the Republic of Korea without major changes in genetic background suggests that environmental factors are very
important to the development of BD.
INTRODUCTION
Behçet’s disease (BD) is a systemic vascular disease that
affects multiple organs including the lungs, central nervous system, and gastrointestinal system. BD is characterized by repeated
oral ulcers, genital ulcers, ocular diseases, arthritis, and skin
lesions (1). BD has a distinct geographical distribution, with a
high prevalence in the Middle East and East Asia, suggesting a
hereditary background (2). However, some findings suggest that
environmental factors, including infectious agents, hormones, and
innate and adaptive immune dysregulation may be important in
BD incidence. It is generally accepted that genetic and environmental factors affect the development of the disease, but their
relative importance is not well known.

Some evidence indicates a change in BD incidence. Previous
studies from the Republic of Korea and Japan indicated that the
prevalence and level of severity of BD are decreasing (3–6). However, studies from Taiwan and Western countries found either no
change or increased BD prevalence (7,8). These studies had small
numbers of patients from limited geographic areas and pools of
patients from hospitals rather than the community. Therefore,
whether the incidence of BD is changing is unclear. Large-scale
nationwide studies are needed.
This study investigated the change in the incidence of BD,
survival, and mortality for the entire population of the Republic of
Korea from 2004 to 2017 using a Rare Intractable Diseases (RID)
database linked to the National Health Insurance (NHI) database.
Patients registered in the RID program have reliable diagnoses
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SIGNIFICANCE & INNOVATIONS
• This nationwide population-based study investigated
the change in the incidence, survival, and mortality in
patients with Behçet’s disease (BD) who registered
in the Rare Intractable Diseases program, which provides a reliable diagnosis based on uniform criteria
predefined by the government and certified by physicians from 2004 to 2017 in the Republic of Korea.
• The incidence of BD decreased significantly from
2004 to 2017 in the Republic of Korea, which might
be attributable to changes in environmental factors,
including a reduction in the burden of infectious
diseases in the past decades and improvement of
oral health during childhood.

based on uniform criteria predefined by the government and certified by physicians, confirming the reliability of the information.

MATERIALS AND METHODS
Data source. This study used data from the NHI, the
only mandatory nationwide insurance system in the Republic of
Korea. The Health Insurance and Review Agency (HIRA) operates
a comprehensive database, with data submitted from medical
institutions for reimbursement purposes. The database covers
health service information for almost all people in the Republic
of Korea. The HIRA database contains information on all patients
registered as having BD within the RID program, with information
on demographic characteristics, outpatient and admission care
history, diagnosis, and comorbidity using International Statistical
Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10). For information on vital status, we used data
from Statistics Korea, a national source of vital status information.
RID explanation. In 2006, the RID program was initiated by
the NHI, which includes 138 RIDs including BD. To be registered
in the RID program, disease diagnosis must be confirmed by qualified physicians according to ICD-10 codes and the standard RID
diagnostic criteria defined by the NHI and reviewed and confirmed
by the corresponding institution prior to submission to the NHI (9).
This ensures 2 forms of diagnostic verification prior to registry in
the RID database, and suspicious cases with an ICD-10 code get
excluded. Of note, even though this program was implemented
in 2006, all cases of BD dating back to 2002 were retroactively
confirmed by this 2-step verification before being registered in the
RID database. Their date of registration for BD in the NHI claims
data was considered the date of diagnosis.
Patient selection. All BD patients registered in the HIRA–
RID database from January 2002 to December 2017 were
included. Patients were diagnosed with BD and had BD ICD-10
codes in the RID program if they met the 1990 International Study
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Group for BD criteria (10). We defined BD occurrence (incident
case) as newly diagnosed and registered as a BD patient in the
RID program in that year. The date of registration with BD (ICD
M35.2) in the RID program was the date of BD diagnosis. As
previous prevalent cases may confound incidence, we applied a
washout period of 2 years, excluding patients with a history of
health care utilization for BD within a minimum of 2 years before
registration in the RID program.
Demographics and comorbidity. For patients with BD,
demographic characteristics and socioeconomic status (SES) were
collected from the HIRA database. Comorbidity in patients with BD
was assessed using the Charlson comorbidity index (CCI) (11).
Age was recorded as a year, and units of 10 or 20 years were
grouped and analyzed as required. The NHI defines the SES as
quartiles according to premium amounts, and a separate group is
defined as the medical aid group. The fourth quartile is the highest SES, and the medical aid group is the lowest-income group
whose members do not pay any premiums for National Health
Insurance or any copayments for their health care costs. We stratified data on the SES of BD patients into 5 levels, in which the first
4 levels are the quartiles designated by the NHI and the 5th level
is the medical aid group.
To define comorbidities, 1 year prior to the development of BD,
data on the use of medical services and hospitalization were used
to generate the CCI score. CCI score was categorized according
to the severity of comorbidity: low (0 comorbidities), moderate (1–2
comorbidities), and high (≥3 comorbidities).
Statistical analysis. We investigated the incidence, survival, and mortality of patients with BD from 2004 to 2017. The
study period was divided into 3 calendar periods (2004–2006,
2007–
2010, and 2011–
2017) for a similar distribution of BD
patient numbers.
Age-standardized incidence was calculated using the 2004
standard population of the Republic of Korea in each year and
expressed as cases per 105. The incidence was calculated for
each age and sex group. Age groups were categorized into
10-year intervals as follows: 0–9, 10–19, 20–29, 30–39, 40–49,
50–59, 60–69, 70–79, and ≥80 years. SES was described as a
predictor for the Cox model but not in the assessment of incidence rates.
We characterized patients with BD according to sex, age,
and CCI category for each time period. Individual comorbidities
in the CCI were also compared. Data were expressed according
to the properties of the variables. Continuous variables were presented as mean ± SD, and categorical variables were expressed
as frequency and percentage.
Trends in BD incidence were assessed using linear regression
for each year. The outcome variable was the annual incidence,
and the independent variable was time in years. In multivariable
linear regression, we assessed the interaction between time and
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sex and time and age group to assess whether the trend over time
was different for different subgroups. We performed stratified analy
ses by age and sex subgroups. We also considered Cochrane-
Armitage testing to assess for a linear trend in incidence rates
but decided to choose linear regression. Linear regression was
also performed in age and sex subgroups. The annual percentage
change (APC) with corresponding 95% confidence interval (95%
CI) was estimated using age-standardized incidence data.
We followed all patients until the date of death or 3 years of
follow-up, whichever came first. Using the Kaplan-Meier method,
3-year survival was calculated for each time period. To compare
3-year survival rates among time periods, multivariable Cox proportional hazards regression models were used to estimate hazard ratios (HRs) and 95% CIs. In Cox proportional analyses, the
outcome variable was survival, and the predictors were the time
period, SES, age, and comorbidities. Subgroup analyses of survival according to sex were also performed and were tested for
interaction as well. The proportional hazards assumption was
tested using the Schoenfeld method and scaled Schoenfeld residuals. CCI scores violated the proportional hazards assumption, so
we performed Cox proportional hazards regression including the
interaction between CCI scores and the time from index period.
We also calculated age-
standardized mortality using the
standard population of the Republic of Korea. Associated stan
dardized mortality ratio (SMR) and its 95% CI were estimated as
the ratio of observed to expected number of deaths. The expected
number of deaths was obtained from age-and sex-specific mortality rates calculated from the general population of the Republic

of Korea. The observed number of deaths that occurred during
BD follow-up were calculated. Mortality and SMR were compared
across each of the time periods and also for age groups. Age
groups were categorized into 20-year intervals (0–19, 20–39,
40–59, 60–79, and ≥80 years).
While the SMR was quantified by comparing mortality with
the general population, it was not adjusted for SES and comorbidities. In order to generate adjusted survival rate, we additionally
performed a survival analysis with a matching control group that
contained information on SES and comorbidities. The matched
control group was drawn from all individuals who participated in
the National Health Insurance Service between 2004 and 2017
and who had not been diagnosed with BD during the same
period. Next, we randomly selected controls (20 per 1 BD patient)
after matching with the study patients for age and sex. Multivariate stratified Cox proportional hazards regression analysis was
performed for the total study period and also for individual triennia
and compared using HRs. The outcome was the 3-year survival
rate, and predictors were SES, age, sex, and a diagnosis of BD. All
analytical procedures were performed using Stata, version 14.2.
Ethical considerations. Personally identifiable information
in medical records was anonymized to comply with Health Insurance Portability and Accountability Act privacy rules. Information
in the HIRA database was encrypted, so the database contained
no personal identifiers. This study protocol was approved by
the Research Ethics Committee of Hanyang University Hospital
(2019-03-015).

Table 1. Basic characteristics of the Behçet’s disease (BD) cohort, 2004–2017*
Study period
Characteristic
No. of new patients with BD
Female
Male
Total
Incidence of BD/105, crude (age
standardized)
Age at diagnosis of BD, mean ± SD
years
No. of new patients with BD by SES†
Medical aid
1st quartile
2nd quartile
3rd quartile
4th quartile
Charlson Comorbidity index
0
1–2
≥3
No. of deaths among patients with BD
All-cause annual mortality/103 person
(95% CI)
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2004–2006

2007–2010

2011–2017

Total

6,795
3,416
10,211
6.991 (7.200)

5,753
2,629
8,382
4.232 (4.320)

5,043
2,708
7,751
2.183 (2.188)

17,591
8,753
26,344
3.468 (3.792)

41.04 ± 0.13

42.41 ± 0.15

43.79 ± 0.16

42.29 ± 0.08

510
1,666
1,927
2,657
3,370

404
1,407
1,627
2,093
2,761

460
1,384
1,562
1,907
2,364

1374
4,457
5,116
6,657
8,495

96.91
2.89
0.21
501
3.99 (3.66–4.36)

96.28
3.46
0.26
315
4.13 (3.69–4.61)

95.39
4.17
0.44
159
5.43 (4.65–6.34)

96.26
3.45
0.29
975
4.22 (3.96–4.49)

* Values are the number unless indicated otherwise. 95% CI = 95% confidence interval; SES = socioeconomic status.
† SES is classified by the premium of national health insurance, where the medical aid group is the lowest SES, and the
4th quartile is the highest SES.
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RESULTS
Patient characteristics. Table 1 shows the number
and incidence of BD patients, age at diagnosis, number of BD
patients according to SES, comorbidity, and the number of
deaths and all-cause mortality during the 3 study periods. The
26,344 patients (66.8% female, 33.2% male; a ratio of 2.01:1)
were diagnosed with BD over 14 years, 2004–2017. The age-
standardized incidence of BD during this period was 3.792 per
100,000 (5.043 per 100,000 for female patients, and 2.536 per
100,000 for male patients), for a significantly higher incidence of
BD in female patients. The mean ± SD age at BD diagnosis was
42.3 ± 0.08 years (42.4 ± 0.10 years for women, and 42.0 ± 0.14
years for men), and BD diagnosis was at a significantly younger
age in male compared to female patients (P = 0.011).
According to the SES from low to high income, the medical aid group was 5.3%, followed by 17.1%, 19.6%, and 25.5%,

Figure 1. Yearly incidence of Behçet’s disease (BD) by age at
diagnosis for male (A) and female (B) patients. The annual incidence
of BD decreased from 8.15 per 100,000 in 2004 to 1.51 in 2017,
a decrease of 81.5%. Incidence of BD = the number of patients
diagnosed with BD/the number of general population ×103.
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and the highest income group was 32.5%. The proportion of each
component of comorbidity tended to increase with time, and thus,
CCI score also increased (Table 1 and Supplementary Table 1,
available on the Arthritis Care & Research website at http://online
library.wiley.com/doi/10.1002/acr.24408/abstract). Cardiovascular diseases, such as congestive heart failure, diabetes mellitus
with chronic complications, and renal diseases, were increased
in 2011–2017 compared to the first 2 study periods (2004–2006
and 2007–2010).
Incidence. The annual incidence of BD was 8.15 per
100,000 (10.90 for female patients, 5.40 for male patients)
in 2004, and 1.51 per 100,000 (1.95 for female patients, 1.08
for male patients) in 2017, for an 81.5% decrease (82.1% for
female patients, 80.0% for male patients). The APC was 6.27%
(6.32% for female patients, 6.15% for male patients). Significant
decrease was seen in the yearly incidence of BD in female compared to male patients (Figure 1). Linear regression yielded β –0.52
(95% CI –0.68, –0.37) for female patients and –0.25 (95% CI
–0.33, –0.18) for male patients. By age at BD diagnosis, a greater
decrease in the yearly incidence of BD was seen for patients in
their 40s (–1.16 for women and –0.56 for men), 50s (–1.01 and
–0.48, respectively), and 30s (–0.98 and –0.46, respectively) compared to other age groups.
The decrease in BD incidence can also be identified by periods. As shown in Table 1, the age-standardized incidence per
100,000 people of BD decreased to 7.200, 4.320, 2.188 (9.502,
5.890, and 2.842 in women, and 4.891, 2.744, and 1.533 in men)
in the 2004–2006, 2007–2010, and 2011–2017 time periods,
respectively.
The incidence of BD was decreased regardless of SES. The
incidence of BD in the medical aid group significantly decreased
during the study period but was still higher than for the upper
4 SES groups (data not shown).
Survival. A total of 975 deaths (264, 163, 81 for women, and
237, 152, 78 for men) were observed during the 3 study periods
(Table 1). Survival curves for BD patients are presented in Figure 2.
The 3-year survival rate was lower in male patients than in female
patients (HR 0.39 [95% CI 0.31, 0.48]) (Supplementary Table 2,
available on the Arthritis Care & Research website at http://online
library.wiley.com/doi/10.1002/acr.24408/abstract). BD patients
diagnosed during the third period (2011–2017; in other words,
recently diagnosed BD patients) had a higher adjusted HR (1.18
[95% CI 0.92, 1.52]) than BD patients diagnosed during the first
and second study periods, with similar HRs (reference value 1.00
in the 2004–2006 period and 0.90 [95% CI 0.69, 1.16] in the
2007–2010 period) in both sexes (see Supplementary Table 2,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24408/
abstract). Lower SES had a relatively higher adjusted HR for death
(1.96 [95% CI 1.35, 2.85] for the medical aid group and 1.57 [95%
CI 1.14, 2.14] for the first quartile group).
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The SMR was higher in BD patients of both sexes compared
to the general population (1.15 [95% CI 1.08, 1.23]) (Table 2). The
SMR increased significantly (1.93 [95% CI 1.55, 2.40] for female
patients and 1.72 [95% CI 1.38, 2.15] for male patients) in the
third period (2011–2017).
Survival analysis with matching controls. We could
see the result of increased mortality in BD patients in a further analy
sis using age-and sex-matched (1:20) controls. As expected,
BD patients had more comorbidity than controls (CCI score ≥1;
3.74% for BD versus 1.16% for controls) (Supplementary Table 3,
available on the Arthritis Care & Research website at http://onlin
elibrary.wiley.com/doi/10.1002/acr.24408/abstract). In multivariable, stratified, Cox proportional hazards regression analysis,
which had been adjusted for comorbidity and SES, HR for mortality in BD patients increased during all study periods compared
to matched controls, especially in the 3rd study period (HR 1.21,
1.22, and 1.71, respectively, during 3 study periods) (Supplementary Table 4, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24408/abstract).

DISCUSSION

Figure 2. Survival of patients with Behçet’s disease (BD) according
to 3 time periods for male (A) and female (B) patients. Kaplan-Meier
estimates of survival up to 3 years after diagnosis of BD show worse
survival during the period 2011–2017 in both sexes compared to
the other 2 periods. Values are the adjusted hazard ratio (HR) (95%
confidence interval).

Mortality. The all-
cause annual mortality rate among
patients with BD was 4.2 per 1,000 patients, 6.2 per 1,000 male
patients, and 3.3 per 1,000 female patients, with a higher mortality
rate for male patients (Table 1). The annual mortality rate for both
sexes increased over the study period.

In our study, the incidence of BD in the Republic of Korea
decreased significantly by 81.5% from 8.15 per 100,000 in 2004
to 1.51 per 100,000 in 2017. The decline in the incidence of BD
was more prominent in women and middle-aged patients. Three-
year survival was lower for patients recently diagnosed with BD
(2011–2017) compared to patients diagnosed with BD during the
2004–2006 and 2007–2010 periods. The SMR was significantly
higher in BD patients with a recent diagnosis (2011–2017) than
for patients diagnosed in the earlier 2 periods (2004–2006 and
2007–2010).
Researchers in Japan believed that BD was declining (3);
however, this was stated in opinion from an ophthalmologist without objective evidence that BD incidence decreased. In contrast,
the cause of uveitis in Taiwan is changing (12), but the number
of newborns with BD is not decreasing (7). Therefore, our study
investigated the incidence of BD in the general population.
Recently, Korean researchers have reported that the incidence of
BD is decreasing (13); however, the study did not review the reasons for the decrease.
Although the cause of BD is not fully understood, genetic
susceptibility, infectious triggers, and immunologic abnormalities
are suggested to be causative in BD development (14,15). Major
histocompatibility complex (MHC) genes including HLA–B51 and
non-MHC complex genes are involved in genetic susceptibility
to BD. Genetic factors alone, however, cannot account for BD
pathogenesis. Therefore, environmental factors that trigger the
development of BD in patients with genetic susceptibility are neces
sary to explain BD pathogenesis. Many infectious agents such
as bacteria (Streptococcus and Helicobacter pylori) and viruses
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Table 2. Standardized mortality ratio (SMR) according to age group and study period*
Female

Age, years
0–19
20–39
40–59
60–79
80+
Total
Study period
2004–2006
2007–2010
2011–2017

Male

Total

Obs.
death

Exp.
death

SMR

95% CI

Obs.
death

Exp.
death

SMR

95% CI

Obs.
death

Exp.
death

SMR

95% CI

7
52
177
243
29
508

2
43
148
197
38
427

4.37
1.21
1.20
1.23
0.76
1.19

2.08–9.17
0.93–1.59
1.03–1.39
1.09–1.40
0.53–1.09
1.09–1.30

5
68
198
180
16
467

2
42
198
157
20
419

3.14
1.61
1.00
1.15
0.81
1.11

1.31–7.55
1.27–2.05
0.87–1.15
0.99–1.33
0.50–1.32
1.02–1.22

12
120
375
423
45
975

3
85
346
354
58
847

3.76
1.41
1.08
1.19
0.78
1.15

2.13–6.62
1.18–1.69
0.98–1.20
1.09–1.31
0.58–1.04
1.08–1.23

264
163
81

243
143
42

1.09
1.14
1.93

0.96–1.23
0.98–1.33
1.55–2.40

237
152
78

239
135
45

0.99
1.13
1.72

0.87–1.13
0.96–1.32
1.38–2.15

501
315
159

482
277
87

1.04
1.14
1.82

0.95–1.13
1.02–1.27
1.56–2.13

* Values are the number unless indicated otherwise. 95% CI = 95% confidence interval; Exp. = expected; Obs. = observed.

(herpes simplex, hepatitis, and parvovirus B19) are suggested as
triggering factors of BD (16). Currently, ~2.9% of people living in
the Republic of Korea are foreigners due to an influx of immigrants
in recent years (17); but the Republic of Korea has a relatively stable genetic background. Therefore, we do not think immigration
affected BD incidence.
Direskeneli and Mumcu have argued that a hygiene hypothesis was not appropriate as an explanation for the decline in BD
incidence in Japan; rather, they concluded that the reduction
in BD prevalence was more likely to be due to the removal of
infection foci as a result of improved oral health (4). In the past
decades in the Republic of Korea, economic development and
the welfare of the people have improved, and infectious diseases
have been reduced. Considering the relationship to BD as an
infectious focus, changes in oral health status may be important.
Dental caries and decay/missing/filled tooth scores decreased
among Korean children between ages 8 and 12 years from 2000
to 2012, as in Japan (4,18). Overall, outpatients with gingivitis and
periodontal disease increased in a 1990–2008 survey, but these
conditions decreased in the age group of people ≤20 years in the
Republic of Korea (19). Therefore, the decrease in the incidence
of BD in our study may be attributed to an overall decrease in
infectious diseases and the improvement of oral health status that
prevents BD infection foci. A significant decrease in the incidence
of BD was observed in middle-aged people between the ages of
30 and 50 years. This age group is thought to have been the most
common age group for BD, and this generation experienced rapid
improvement in nutritional and personal hygiene in the wake of
economic development over a relatively short time. Therefore, the
higher decrease in incidence in adulthood can be attributed to
improved oral health, which reduced infection focus that can possibly contribute to BD development.
In addition to this study, previous studies on Korean and Japanese subjects have shown that the recent changes in the epidemiologic characteristics of Korean and Japanese BD patients
include a higher age at the time of BD diagnosis and a relatively
higher proportion of female patients compared to those of other

countries (5,13,20–22). Recently, a study was conducted to
investigate clinical characteristics according to sex and age at
onset in Korean patients with BD (23). Neurologic involvement
was more statistically significant in late-onset BD patients (>40
years) than in early-onset patients (≤40 years). Moreover, there
were nonsignificant increases in gastrointestinal and vascular
involvement in late-onset patients with BD. Therefore, these characteristics of Korean BD patients, namely, the high proportion of
female patients among those with BD and the increasing age at
onset, will have a significant impact on the overall prognosis of
Korean patients with BD. Taken together, these findings suggest
that the incidence of BD with mild illness decreased more than
the incidence of BD with severe manifestations. Our hypothesis is
in line with a hospital-based study. The study found that the complete form of BD decreased, and gastrointestinal or central ner
vous system involvement increased in the Republic of Korea and
Japan (5,21). Recently, ischemic heart disease in patients with BD
has been reported to be higher than that in the control group (24).
We need to investigate whether a lower 3-year survival rate
and higher SMR in patients recently diagnosed with BD in our
results are related to this finding. However, organ involvement and
cause of death were not evaluated in our study. Instead, we analyzed the comorbidity of BD patients and determined the proportion of each comorbid disease and CCI score during each study
period. Although not all of these comorbid diseases are caused
by complications from BD, the increase in comorbidity during the
2011–2017 study period is in line with an increase in mortality
during that period.
Our findings have the following strengths: First, this study
provides reliable information as a large-scale epidemiologic study
using a database of all citizens of the Republic of Korea. Second, BD diagnosis was not defined simply by disease code but
was based on diagnostic criteria. BD was diagnosed by physicians and given a special code in the RID system. The Republic
of Korea has a universal health insurance system that is overseen
by the government and covers essentially the entire population.
It is unlikely that BD cases are missed in the general population
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with a few rare exceptions. This may occur in patients who do
not use NHI insurance; however, the appearance of this is very
rare. The reliability of these diagnoses has been demonstrated in
similar studies. For example, in the same RID system, ulcerative
colitis has a sensitivity of 97.3% and specificity of 92.6%. Crohn’s
disease has a 98.3% sensitivity and 93.5% specificity (25). The
sensitivity and specificity for a diagnosis of Takayasu arteritis were
100% (26). Third, we confirmed the result of increased mortality
in recently diagnosed BD patients through a standardized analysis of 1:20 controls matched according to age, sex, comorbidity,
and SES, as well as for the general population.
Despite these strengths, our study has limitations. First, from
the year 2015 onward, the Korean NHI system started using
detailed ICD codes for BD reflecting complications associated
with the disease. For our entire study period (2004–2017), data
from only 3 years (2015–2017) were available, which included the
detailed ICD codes; therefore, we were not able to determine the
clinical characteristics of BD patients using the new diagnostic
codes. Death was identifiable, but the cause and association
with BD were unknown. Second, there might be some concerns
regarding the 2-year washout period. Further extension of the
washout period would have resulted in exclusion of patients newly
diagnosed after 2004. Several sensitivity analyses were performed
with an extended washout period of 3 years, 4 years, and so forth,
which resulted in exclusion of patients diagnosed in 2004, 2005,
and so on. However, from the results, we found no noteworthy
change in our finding of declining BD incidence. Therefore, a
2-year washout is considered appropriate, as the extension of the
washout period did not seem to have an influence on the results
of this study while shortening our study period.
In conclusion, the incidence of BD in the Republic of Korea
has declined. This decline might be attributable to changes in environmental factors, including a reduction in the burden of infectious
diseases over the past decades and improvement in oral health
during childhood. In recent years, the mortality of BD patients
has increased, suggesting that the incidence of BD in patients
with mild illness has decreased more than that of BD patients with
severe manifestations.
AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it critically
for important intellectual content, and all authors approved the final version
to be submitted for publication. Dr. Ahn 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. Ahn.
Acquisition of data. H. Kim, T. Kang, K. Kim, Ahn.
Analysis and interpretation of data. Jun, H. Kim, Kazmi, K. Kim, M.
Kang, Ahn.

REFERENCES
1. Mendes D, Correia M, Barbedo M, Vaio T, Mota M, Gonçalves O,
et al. Behçet’s disease: a contemporary review. J Autoimmun 2009;
32:178–88.

|

1695

2. Alpsoy E. Behçet’s disease: a comprehensive review with a focus
on epidemiology, etiology and clinical features, and management of
mucocutaneous lesions. J Dermatol 2016;43:620–32.
3. Yoshida A, Kawashima H, Motoyama Y, Shibui H, Kaburaki T,
Shimizu K, et al. Comparison of patients with Behcet’s disease in the
1980s and 1990s. Ophthalmology 2004;111:810–5.
4. Direskeneli H, Mumcu G. A possible decline in the incidence and
severity of Behcet’s disease: implications for an infectious etiology
and oral health. Clin Exp Rheumatol 2010;28:S86–90.
5. Kim DY, Choi MJ, Cho S, Kim DW, Bang D. Changing clinical
expression of Behçet disease in Korea during three decades (1983–
2012): chronological analysis of 3674 hospital-based patients. Br J
Dermatol 2014;170:458–61.
6. Kirino Y, Ideguchi H, Takeno M, Suda A, Higashitani K, Kunishita Y,
et al. Continuous evolution of clinical phenotype in 578 Japanese
patients with Behçet’s disease: a retrospective observational study.
Arthritis Res Ther 2016;18:217.
7. Chung YM, Lin YC, Tsai CC, Huang DF. Behcet’s disease with uveitis
in Taiwan. J Chin Med Assoc 2008;71:509–16.
8. Mohammad A, Mandl T, Sturfelt G, Segelmark M. Incidence, prevalence and clinical characteristics of Behcet’s disease in southern
Sweden. Rheumatology (Oxford) 2013;52:304–10.
9. Yeom MS. Direction of policy and management for rare intractable disease patients support program. Health Insurance Review
& Assessment Service (HIRA) Policy Review 2009;3:6–
10. In
Korean.
10. International Study Group for Behcet’s Disease (ISGBD). Criteria for
diagnosis of Behcet’s disease. Lancet 1990;335:1078–80.
11. Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, et al.
Updating and validating the Charlson comorbidity index and score
for risk adjustment in hospital discharge abstracts using data from 6
countries. Am J Epidemiol 2011;173:676–82.
12. Chen SC, Chuang CT, Chu MY, Sheu SJ, Patterns and etiologies
of uveitis at a tertiary referral center in Taiwan. Ocul Immunol Inflamm
2017;25 Suppl:S31–8.
13. Lee YB, Lee SY, Choi JY, Lee JH, Chae HS, Kim JW, et al. Incidence,
prevalence, and mortality of Adamantiades-
Behçet’s disease in
Korea: a nationwide, population-based study (2006–2015). J Eur
Acad Dermatol Venereol 2018;32:999–1003.
14. Pineton de Chambrun M, Wechsler B, Geri G, Cacoub P, Saadoun D.
New insights into the pathogenesis of Behçet’s disease. Autoimmun
Rev 2012;11:687–98.
15. Tong B, Liu X, Xiao J, Su G. Immunopathogenesis of Behcet’s disease. Front Immunol 2019;10:665.
16. Hatemi G, Yazici H. Behçet’s syndrome and micro-organisms. Best
Pract Res Clin Rheumatol 2011;25:389–406.
17. Statistics Korea. Press release of 2017 population and housing
census. URL: http://kostat.go.kr/portal/eng/pressReleases/8/7/
index.board  ? bmode  = read&bSeq=&aSeq=37099  3 &pageN  o =
1&rowNum=10&navCount=10&currPg=&searchInfo=&sTarget=title&sTxt=.
18. Kim HN, Han DH, Jun EJ, Kim SY, Jeong SH, Kim JB. The decline
in dental caries among Korean children aged 8 and 12 years from
2000 to 2012 focusing SiC index and DMFT. BMC Oral Health
2016;16:38.
19. Choi YK, Do SR, Park DY. Change in number of outpatients with peri
odontal diseases during recent 20 years based on patient survey. J
Korean Acad Oral Health 2011;35:331–9.
20. Bang DS, Oh SH, Lee KH, Lee ES, Lee SN. Influence of sex on
patients with Behcet’s disease in Korea. J Korean Med Sci 2003;18:
231–5.
21. Kirino Y, Ideguchi H, Takeno M, Suda A, Higashitani K, Kunishita Y,
et al. Continuous evolution of clinical phenotype in 578 Japanese

1696

|

patients with Behçet’s disease: a retrospective observational study.
Arthritis Res Ther 2016;18:217.
22. Mohammad A, Mandl T, Sturfelt G, Segelmark M. Incidence, prevalence and clinical characteristics of Behcet’s disease in southern
Sweden. Rheumatology (Oxford) 2013;52:304–10.
23. Ryu HJ, Seo MR, Choi HJ, Baek HJ. Clinical phenotypes of Korean
patients with Behcet disease according to gender, age at onset, and
HLA–B51. Korean J Intern Med 2018;33:1025–31.
24. Yavne Y, Tiosano S, Watad A, Comaneshter D, Cohen AD,
Amital H. Investigating the link between ischemic heart disease and

JUN ET AL

Behcet’s disease: a cross-sectional analysis. Int J Cardiol 2017;
241:41–5.
25. Kim HJ, Hann HJ, Hong SN, Kim KH, Ahn IM, Song JY, et al.
Incidence and natural course of inflammatory bowel disease in Korea,
2006–2012: a nationwide population-based study. Inflamm Bowel
Dis 2015;21:623–30.
26. Park SJ, Kim HJ, Park H, Hann HJ, Kim KH, Han S, et al. Incidence,
prevalence, mortality and causes of death in Takayasu Arteritis in
Korea: a nationwide, population-based study. Int J Cardiol 2017;
235:100–4.

Arthritis Care & Research

Vol. 73, No. 11, November 2021, pp 1697–1699
© 2020, American College of Rheumatology

LETTERS
DOI 10.1002/acr.24380
Defining symptomatic radiographic foot osteoarthritis:
comment on the article by Golightly and Gates
To the Editor:
We read with great interest the editorial on foot osteoarthritis
(OA) by Golightly and Gates (1). Foot OA is prevalent but neglected
compared with other commonly affected sites such as the knee
and hand (2), hence, such a high-profile statement of need for foot
OA is long overdue.
We have published previously the first population prevalence estimates for symptomatic radiographic foot OA (3). In
the Clinical Assessment Study of the Foot (CASF), a population-
based study of 5,109 community-dwelling adults age ≥50 years,
the population prevalence of symptomatic radiographic foot OA
was 16.7%. Joint-specific prevalence estimates were 7.8% for
the first metatarsophalangeal joint, 6.8% for the second cuneometatarsal joint, 5.8% for the talonavicular joint, 5.2% for the
navicular–first cuneiform joint, and 3.9% for the first cuneometatarsal joint.
Golightly and Gates rightly draw attention to the paucity of
longitudinal population-based studies to estimate the burden of
foot OA in the general population. However, in highlighting the
limitation of using general definitions of foot pain (that is, the presence of pain anywhere in the foot) in existing large cross-sectional
studies, they are incorrect to extend this criticism to the CASF
study. Although participants in the CASF population survey were
invited for radiographs on the basis of reporting pain in the foot
in the preceding 12 months, our definition of symptomatic radiographic foot OA required both radiographic OA at an individual
joint together with pain in the past 4 weeks occurring in the corresponding anatomical region of the same foot (assessed using
the Garrow foot manikin [4]). We combined multiple imputation
and weighted logistic regression modeling to account for missing data (including missing by design) and nonresponse, respectively, when estimating population prevalence of symptomatic
radiographic OA at individual foot joints. While we acknowledge
the more stringent definition of symptomatic radiographic midfoot
OA employed by Arnold et al (5), requiring tenderness on palpation as well as pain and radiographic features of OA to be present
in the same region of the foot, we feel that requiring co-location
of pain and radiographic change is a strength of our study and
is more rigorous than a definition that requires only pain anywhere
in the foot.
In addition to foot pain location, a further important consideration when defining symptomatic radiographic foot OA is
the method used to assess the presence of OA on radiographs.

Golightly and Gates highlight the limitations of the Kellgren/Lawrence grading system, until recently the atlas most commonly used
to score features of radiographic OA in the feet (2), and acknowledge the important advance achieved through the development of
the La Trobe Foot Atlas (6), which has been used by several studies subsequently (3,5,7–9). As mentioned by Golightly and Gates,
there remain a number of important questions concerning the use
of the La Trobe atlas to assess radiographic progression, including how to incorporate separate scores for osteophytes and joint
space narrowing into a criterion for progression of radiographic
foot OA. However, this issue was foreshadowed in the development of the atlas and arises as a result of the key strength of scoring osteophytes and joint space narrowing separately, in contrast
to the Kellgren/Lawrence grading system which is overreliant on
the presence of osteophytes. Indeed, a recent study developed
criteria for incidence and progression of radiographic first metatarsophalangeal joint OA that incorporated scores for osteophyte and
joint space narrowing from the La Trobe atlas (7).
We agree that a better understanding of the global public
health impact and burden of foot OA and effective evidence-based
treatments are much needed. Future research should build on the
substantial work already undertaken to develop robust definitions
for symptomatic radiographic disease that incorporate both pain
at specific joint sites within the foot and individual radiographic
features of OA.
Dr. Thomas’s work was supported by an Integrated Clinical Academic Programme Clinical Lectureship from the NIHR and Health Education England (ICA-CL-2016-02-014). Dr. Menz’s work was supported
by a National Health and Medical Research Council of Australia Senior
Research Fellowship (ID 1135995).
The views expressed in this letter are those of the authors and not
necessarily those of the NHS, the NIHR, HEE, or the Department of Health
and Social Care.
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Reply
To the Editor:
We were pleased to learn of the interest in our editorial by Dr.
Roddy and his colleagues. In their letter in response to our commentary, they expressed concern about our use of a reference to
the CASF in a sentence about limitations of using a general foot
pain question when defining symptomatic foot OA. We understood
that the definition used in CASF of symptomatic radiographic
foot OA was of radiographic OA and pain in the same joint site,
and we recognize that this definition was an important improvement in efforts to define symptomatic foot OA. We acknowledge
that the wording in our editorial may not adequately convey our
intended message. The limitation to which we were referring was
that only individuals who reported general foot pain were invited for
radiography. An unintended consequence of selecting only these
individuals for radiography is that general foot pain becomes a
component of the definition of symptomatic foot OA; inclusion and
exclusion criteria are critical elements of outcome definitions (1).
Anatomical knowledge affects an individual’s response to
the general foot pain question. Knowledge of human anatomy
varies within populations, and some individuals without training
or experience in health care or human research do not correctly
identify particular parts of their anatomy (2). Patients who consider
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their midfoot to be their ankle is one example of misidentification
of the foot. These patients may report no pain in or around the foot
in response to a general foot pain question, but when asked about
the site of their pain, they point to the midfoot. Using a general foot
pain question for selecting participants for observational studies or
clinical trials of symptomatic foot OA could result in exclusion of
individuals who truly have the condition. The use of foot diagrams
or manikins to identify regions of pain will be essential for identifying individuals with foot pain for future studies.
We appreciate the remarkable work conducted in CASF,
and we thank Dr. Roddy and his colleagues for their valuable
research that has advanced the field of foot OA. We are eager to
continue these communications and collaborations as we move
forward collectively to optimize study designs and refine definitions to progress our understanding of foot OA and to improve
treatments.
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Efficacy and safety of pharmacologic interventions in
patients experiencing a gout flare: a systematic review
and network meta-analysis. Comment on the article by
Zeng et al
To the Editor:
I appreciated the network meta-analysis of pharmacologic
interventions in acute gout by Zeng et al recently published in
Arthritis Care & Research (1). However, I was surprised that the
authors choose to break down the analysis of nonsteroidal antiinflammatory drugs (NSAIDs) by chemical class.
While classifying NSAIDs by chemical categories was popular when many new NSAIDs were being brought to market in the
1980s, it has never been established that chemistry has anything
to do with efficacy and safety, apart from conferring cyclooxygenase selectivity. Mechanisms of analgesic and antiinflammatory action other than cyclooxygenase inhibition have been
proposed for NSAIDs, but never distinguished by chemical class
(2–4). Thus, we are troubled that the authors say in paragraph
5 of their Discussion that they formed the NSAID subgroups
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according to “the pharmacologic mechanism of action” without
further justification.
Since chemical classification is arbitrary and of no apparent
value, I am wondering why the authors did not collapse all NSAIDs
into a single category, or perhaps use indomethacin, at one time
the standard NSAID in gouty arthritis, as the reference group for
analysis. While most conclusions of the analysis would not have
changed, the fact that this study was carried out by distinguished
authors and with otherwise rigorous methodology could set an
inappropriate precedent for future analyses.
No potential conflicts of interest relevant to this letter were reported.
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Reply
To the Editor:
We thank Dr. Miller for his interest in our systematic review
and network meta-analysis, and we appreciate the opportunity
to respond to his concerns. Dr. Miller’s point is well-taken. Since
there has been a lack of existing data about differential efficacy
among NSAIDs, we took the approach of grouping them into
classes, because whether one class of NSAIDs is better than
another for gout flares in particular is a common clinical question
(1–4). We used this approach to better understand whether there
were any specific class differences, since this sort of study has
never been done specifically in gout flares.
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On the other hand, substantial data exist on safety issues
regarding certain NSAIDs, such as indomethacin and diclofenac.
Thus, a clinically relevant question arises that merited a data-
driven approach to assess whether there are indeed any potential
differences in efficacy and tolerability among these agents in the
context of differences in safety profiles, particularly since indomethacin’s reputation as being the “standard NSAID” in gout itself
has never been adequately studied.
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