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C L I N I C O P A T HO LOG I C C ON F E R EN C E

Starting off on the Right Foot: A 22-Year-Old Woman With
Leg Swelling

Alfredo Aguirre, Anatoly Urisman, and Mary Margaretten

CASE PRESENTATION

Chief symptoms

The patient was a 22-year-old pregnant woman at 22 weeks

and 6 days of gestation with a chief symptom of acute swelling of

the bilateral lower extremities.

History of present illness

A previously healthy 22-year-old woman was in the second

trimester of her first pregnancy when she presented to the emer-

gency room with new edema of the lower extremities. Her preg-

nancy course had been unremarkable, and she was receiving

routine obstetric care from her family physician. One week prior

to admission, she developed progressive swelling of the legs.

Examination by her family physician revealed a systolic blood

pressure of 160 mm Hg, and dipstick urinalysis was abnormal.

She was directed to the local safety-net hospital and admitted to

the obstetric service there for further evaluation.

Past medical, social, and family history

The patient had no remarkable past medical history and took

over-the-counter vitamins. She reported not taking nonsteroidal

antiinflammatory drugs (NSAIDs). She was born in the Guang-

dong province of China and had moved to the US 6 years earlier.

The patient lived with her male partner with whom she was

monogamous. She reported no tobacco or drug use and had no

family history of autoimmune, cardiac, or renal disease.

Review of systems

She endorsed cough, nausea, diarrhea, and weight gain

in the week leading up to her presentation to the emergency

room. She denied fevers, chest pain, dyspnea, abdominal
pain, Raynaud’s phenomenon, joint pain or swelling, rashes,
arthralgias, photosensitivity, oral ulcers, alopecia, sicca symp-
toms, and a prior history of clots, serositis, seizures, or
cytopenia.

Physical examination

In the emergency room, the patient had a temperature of
36.5�C, blood pressure reading of 163/97 mm Hg, heart rate of

90 beats per minute, and oxygen saturation 100% on room air.
She was a young, anxious-appearing woman in no acute distress.
Mucous membranes were moist, and the oropharynx was clear.
The neck was supple with no cervical lymphadenopathy. Cardiac
examination was normal without elevated jugular venous disten-
sion, murmurs, or rubs. She had normal work of breathing, and
lung fields were clear without crackles, rhonchi, or wheezing.
Her abdomen was gravid without tenderness. She had 2+ bilat-
eral lower extremity pitting edema up to her mid-shins. There
were no rashes, synovitis, joint laxity, or neurologic deficits
observed on examination.

Laboratory and radiographic evaluation

The patient’s white blood cell count was 6,500/mm3, hemo-
globin was 11.4 gm/dl (reference range: 11.7–15.7 mg/dl), and
platelet count was 242,000/mm3. Absolute lymphocyte count

was 860/mm3. Serum creatinine level was 0.94 mg/dl; one month
prior, it was 0.5 mg/dl. Blood urea nitrogen level was 32 mg/dl
(reference range: 6–20 mg/dl). The remaining electrolytes were
all normal. Albumin level was 1.6 gm/dl (reference range: 3.4–4.8
gm/dl), and results from liver function testing were normal. Eryth-
rocyte sedimentation rate was 106 mm/hour, and high-sensitivity
C-reactive protein level was 16 mg/liter. Urinalysis showed 3+
protein without pyuria or hematuria. A spot urine test for protein/
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creatinine ratio (UPCR) was 14.7 gm/gm. Total cholesterol level

was 345 mg/dl (reference range: <200 mg/dl). Antinuclear anti-

body testing was positive, with a titer greater than 1:640 in a

speckled pattern. Complement 3 (C3) was 78 mg/dl (reference

range: 86–184 mg/dl), and C4 was 16 mg/dl (reference range:

12–40 mg/dl). A radiograph of the chest revealed

small bilateral pleural effusions. A renal ultrasound demon-

strated mild right-sided hydronephrosis with normal kidney

size and echogenicity.

CASE SUMMARY

A previously healthy 22-year-old woman at 22 weeks and
6 days of gestation presented with acute kidney injury, lower
extremity edema, hypoalbuminemia, hyperlipidemia, and severe
proteinuria consistent with nephrotic syndrome.

DIFFERENTIAL DIAGNOSIS

Nephrotic syndrome. Nephrotic syndrome results from
disruption of the glomerular filtration barrier, leading to urinary
loss of proteins, such as albumin, from the circulation. Heavy pro-
teinuria in nephrotic syndrome (defined as ≥3.5 gm/day) has
important pathophysiologic consequences, including hypoalbu-
minemia, edema, hyperlipidemia, and hypercoagulability (1). The
differential diagnosis of nephrotic-range proteinuria is broad and

can be divided into primary renal disorders and disorders sec-
ondary to systemic diseases (Table 1).

Primary renal disorders. Membranous nephropathy
(MN), minimal change disease (MCD), and focal segmental glomer-
ulosclerosis (FSGS) were the leading causes of glomerular disease
and nephrotic syndrome to be considered in this patient. Primary
MN is characterized by subepithelial immune complex deposition
and antibodies to M-type phospholipase A2 receptor (PLA2R)
detected in the serum or on glomerular staining (2). In contrast,
MCD is characterized by podocyte foot process effacement on
ultrastructural analysis and has a generally favorable prognosis
(3). Podocyte dysfunction is also a hallmark of FSGS but can be
distinguished from MCD by the histologic features of glomerular
scarring (4). Renal biopsy is critical to distinguish among these enti-
ties. Also, it is important to consider medications (e.g., NSAIDs),
infections (e.g., hepatitis, HIV), malignancies, and rheumatic
diseases as secondary causes of MN, MCD, and FSGS (Table 1).

Systemic lupus erythematosus (SLE). While lupus
nephritis uncommonly presents de novo during pregnancy (5),
lupus nephritis was a primary concern for this young woman with
a positive antinuclear antibody test result and suspected glomer-
ular disorder. Bland urine sediment observed during evaluation
of the patient raised suspicion for isolated secondary MN caused
by SLE (class V lupus nephritis), which occurs in 8–18% of
biopsy-proven lupus nephritis and presents with nephrotic-range

Table 1. Differential diagnosis of nephrotic-range proteinuria in pregnancy*

Primary renal disorder Renal disorder secondary to systemic disorder

Primary FSGS Secondary FSGS
Genetic (mutations in podocyte genes)
Infection (HIV, human parvovirus B19, CMV, EBV)
Autoimmune (SLE)
Drugs/toxins (heroin, interferon therapy)
Adaptive (secondary to reduced renal mass)

Primary MN Secondary MN
Infection (syphilis, HIV, HCV, HBV)
Malignancy
Autoimmune (SLE, MCTD, IgG4-RD)
Drugs/toxins (NSAID, probenecid, lithium)

Primary MCD Secondary MCD
Infections (mycoplasma, viruses, parasites)
Malignancy
Autoimmune (SLE)
Allergy (food and environmental allergy)
Drugs (NSAID, interferon therapy)

Diabetic nephropathy
Amyloidosis
Preeclampsia
TMA (APS)

* APS = antiphospholipid syndrome; CMV = cytomegalovirus; EBV = Epstein-Barr virus;
FSGS = focal segmental glomerulosclerosis; HBV = hepatitis B virus; HCV = hepatitis C virus;
IgG4-RD = IgG4-related disease; MCD =minimal change disease; MCTD = mixed connective tissue
disease; MN = membranous nephropathy; NSAID = nonsteroidal antiinflammatory drug;
SLE = systemic lupus erythematosus; TMA = thromboticmicroangiopathy. Adapted from refs. 1–4.
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proteinuria in ~60% of cases (6–8). The clinical course of isolated
membranous lupus nephritis is thought to be more benign than
proliferative lupus nephritis, with a 10-year renal and overall sur-
vival rate of >70% (6,9,10). However, patients with membranous
lupus nephritis tend to present with relatively few extrarenal man-
ifestations and low serologic activity as compared to proliferative
disease (6), which may complicate diagnosis in situations where
renal biopsy is unavailable or high risk.

If SLE is confirmed, the presenting features of hypertension,
proteinuria, and kidney injury should prompt consideration of anti-
phospholipid syndrome (APS) nephropathy, which presents with
a variety of symptoms and signs depending on the renal vascula-
ture involved (11). Examination should proceed with focused his-
tory and examination for APS, testing for lupus anticoagulant
and antiphospholipid antibodies as well as renal imaging to
exclude thrombus. In patients with SLE and APS nephropathy,
nephrotic-range proteinuria has been observed, often in the con-
text of concurrent lupus nephritis (12,13).

Preeclampsia. The presenting features of hypertension
and proteinuria during pregnancy in this patient could also be
consistent with preeclampsia, which is a relatively common disor-
der of pregnancy affecting ~5% of gestations (14,15). Preeclamp-
sia is defined by new-onset hypertension (blood pressure of
≥140/90 mm Hg) and proteinuria (≥300 mg/day) or other mater-
nal end-organ dysfunction occurring after 20 weeks of gestation
(Table 2). History of prior renal disease and systemic autoimmu-
nity increases the risk of preeclampsia, with up to 35% of

pregnancies in individuals with SLE affected by this disorder (15).
Preeclampsia is associated with fetal/neonatal complications
(e.g., fetal growth restriction, preterm delivery) and adverse
maternal outcomes (e.g., eclampsia, stroke, elevated long-term
risks of cardiovascular disease), sometimes culminating in fetal
or maternal death (14). In more recent classification, proteinuria
is not a requirement for a diagnosis of preeclampsia, although it
is present in ~75% of cases (16). Nephrotic-range proteinuria
has been described in up to 20% of individuals with preeclampsia
(17,18). A diagnosis of preeclampsia has significant implications
for disease management, with a focus on intensified monitoring,
hypertension control, management of complications, and timely
delivery of the fetus (14).

Preeclampsia is the consequence of abnormal placentation,
which leads to maternal endothelial dysfunction and an imbalance
of circulating angiogenic factors injurious to endothelial cells and
podocytes (19–21). Notably, this mechanism is distinct from the
largely immunologic mechanisms of the diseases described above.
Patients with autoimmune disease are at higher risk for preeclamp-
sia, and thus it may be difficult to distinguish between preeclamp-
sia, flare of autoimmune disease, or flare of autoimmune disease
with superimposed preeclampsia in clinical settings.

CLINICAL COURSE

Rheumatology was consulted to evaluate a young pregnant
woman with nephrotic syndrome in the setting of a positive high-
titer ANA. Additional laboratory evaluation revealed a uric acid level
of 7.2 mg/dl (normal range: 2.5–7.5 mg/dl) and a 24-hour urine
protein level of 7.81 gm. Serologic testing for HIV, syphilis, and
hepatitis B and C was negative. The patient was positive for anti-
RNP antibody at 80 AU/ml (reference range: <40 AU/ml) and neg-
ative for double-stranded DNA, SSA/SSB, and Smith antibodies.
Testing for Russel’s viper venom time, anticardiolipin IgG/IgM,
IgG/IgM β2-glycoprotein I, and serum anti-PLA2R was negative.

Given the high suspicion for glomerular disease, specifically
membranous lupus nephritis with possible superimposed pre-
eclampsia, we began treatment with high-dose oral glucocorti-
coids (1 mg/kg/day of prednisone) and hydroxychloroquine.
An ultrasound-guided renal biopsy was performed without com-
plication. The biopsy showed an adequate sample of cortical tis-
sue with ~25 glomeruli, none of which were globally or
segmentally sclerotic. On light microscopy, the glomeruli did not
show endocapillary or mesangial hypercellularity (Figure 1) and
were only notable for variable visceral epithelial cell prominence.
Additionally, a single glomerulus demonstrated a tip-like lesion
(Figure 2). There was no evidence of thrombotic microangiopathy.
Focal areas of tubulointerstitial inflammation were observed with-
out significant interstitial fibrosis or tubular atrophy. The arteries
and arterioles were unremarkable. Immunofluorescence micros-
copy stains for IgG, IgM, IgA, C1q, C3, kappa and lambda light
chains were negative. Electron microscopy demonstrated patent

Table 2. Diagnosis of preeclampsia*

1) New-onset hypertension after 20 weeks gestation (required)
Systolic blood pressure of ≥140 mm Hg or diastolic blood
pressure of ≥90 mm Hg on 2 occasions at least 4 hours
apart, or

Systolic blood pressure of ≥160 mm Hg or diastolic blood
pressure of ≥110 mm Hg on 1 occasion

2) Organ dysfunction (≥1 of the following)
Proteinuria
≥300 mg per 24-hour urine test, UPCR of ≥0.3 gm/gm, or urine
dipstick 2+

Hematologic involvement
Thrombocytopenia (platelet count of <100,000/μl)

Renal insufficiency
Serum creatinine level of >1.1 mg/dl or doubling of serum
creatinine in absence of other renal disease

Impaired liver function
Transaminitis (ALT or AST >2 × ULN), severe right upper quadrant
or epigastric pain

Pulmonary involvement
Pulmonary edema

Neurologic dysfunction
Visual symptoms, new-onset severe headache unresponsive to
medication

* ALT = alanine aminotransferase; AST = aspartate aminotransfer-
ase; ULN = upper limit of normal; UPCR = urine protein/creatinine
ratio. Adapted from the American College of Gynecology Practice
Bulletin on Gestational Hypertension and Preeclampsia (ref. 27).
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capillary loops without endocapillary hypercellularity. The glomer-
ular basement membranes showed normal thickness and con-
tours. No electron-dense immune complex deposits were seen.

The podocytes showed widespread foot process effacement
and prominent microvillous transformation. There were focal
areas of mesangial cell swelling, but no mesangial hypercellularity.

Figure 1. Methenamine silver–periodic acid–Schiff (Jones) staining of a renal biopsy specimen showing well-preserved cortical architecture.
Most glomeruli did not reveal significant abnormalities aside from a prominence of variable visceral epithelial cells. Original magnification × 200.

Figure 2. Periodic acid–Schiff staining of a renal biopsy specimen. A single glomerulus demonstrates a tip-like lesion at the tubular pole, with a
near-collapsed distal segment surrounded by prominent visceral and parietal epithelial cell hyperplasia, including several injured epithelial cells. Tip-
like lesions describe segmental acute podocyte injury involving the distal tip of the glomerulus, and these relatively nonspecific lesions can be
observed in various podocytopathies, including both minimal change disease and focal segmental glomerulosclerosis. Original magnifica-
tion × 200.
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Rare tubuloreticular inclusions in endothelial cell cytoplasm were
noted (Figure 3). Overall, the findings were consistent with MCD
secondary to SLE.

After discharge, the patient was treated with aspirin for pre-
vention of preeclampsia. High-dose glucocorticoids for MCD
were continued for one month followed by a slow taper.
A decrease in proteinuria was prompt, with a UPCR of 0.21
gm/gm noted at the patient’s 2-month follow-up visit. She was
diagnosed with intrauterine growth restriction (estimated fetal
weight <10th percentile) at 29 weeks. The rest of pregnancy
course was unremarkable, and the patient had a spontaneous
vaginal delivery at 37 weeks.

At a follow-up appointment 1-month post-partum, UPCR
was found to be 3.0 gm/gm, and the patient reported having
stopped all of her medications, including 30 mg of prednisone
daily. Since she had been treated with high-dose steroids for a
significant amount of time and no longer had evidence of sero-
logic activity or other features of SLE, an angiotensin-converting
enzyme inhibitor was initiated without glucocorticoids. Hydroxy-
chloroquine was also restarted. The patient was closely moni-
tored, and her proteinuria level decreased to 0.26 gm/gm within
2 months. Renal disease in this patient remained in remission at
1 year. The patient continues to see a rheumatologist at regular
intervals.

Figure 3. Electron microscopy showing diffuse podocyte foot process effacement and microvillous transformation of the podocyte cytoplasm.
Variable endothelial cell swelling is also present, but no immune complex-type deposits were identified. Rare tubuloreticular inclusions are noted
in the cytoplasm of glomerular capillary endothelial cells (inset).

Table 3. Distinguishing preeclampsia from lupus nephritis*

Preeclampsia Lupus nephritis

Hypertension Present May be present
Timing in pregnancy >20 weeks of gestation Any gestational age
SLE manifestations
(arthritis, serositis, rash)

Not present Present

ANA Negative Positive
Anti-dsDNA Negative May be positive
Complements Normal May be low
Serum uric acid May be elevated Normal (may be elevated

with renal insufficiency)
Creatinine Typically normal Variable
Active urinary sediment Absent Present (in proliferative lupus

nephritis)
Platelets May be low May be low
Liver function tests May be elevated Normal

* ANA = antinuclear antibody; Anti-dsDNA = anti–double-stranded DNA; SLE = systemic lupus erythematosus.
Adapted from refs. 15 and 22.

CLINICOPATHOLOGIC CONFERENCE 705



DISCUSSION

This work highlights the challenges of distinguishing lupus
nephritis from preeclampsia and the importance of constructing
a broad differential diagnosis when evaluating a pregnant patient
with suspected glomerular disease. Diagnostic clarity can be
achieved by integrating history, physical examination, and labora-
tory data (Table 3) (15,22). The patient’s presentation of hyperten-
sion and proteinuria in the second trimester of a first pregnancy
could be consistent with preeclampsia. While testing for ANAs
was positive, the patient did not have other overt symptoms of
SLE and urine sediment was bland, pointing away from prolifera-
tive lupus nephritis as causing her symptoms. However, several
features in this patient were atypical for preeclampsia. The onset
of preeclampsia is usually later in pregnancy (after 34 weeks of
gestation) (23). Low levels of C3 and lymphopenia were at odds
with the normal physiologic changes of pregnancy, which include
increased hepatic synthesis of complement proteins (24) as well
as mild leukocytosis with preserved lymphocyte counts (25). The
uric acid level in this patient was mildly elevated, which can be
associated with preeclampsia (26,27); however, uric acid level is
nonspecific and can be elevated in settings of renal insufficiency
of any cause (26). These observations, in addition to positivity for
ANAs and anti-RNP antibodies on testing, added to a growing
diagnostic uncertainty in this patient.

Although typically not pursued in pregnancy, renal biopsy
can be helpful in unclear clinical scenarios, severe renal disease,
or first presentation of suspected glomerulopathy. A tissue diag-
nosis can direct immunosuppression in cases of biopsy-proven
autoimmune glomerular disease as compared to supportive care
for preeclampsia and its complications, such as hypertension
(14). During pregnancy, a biopsy can also be critical in informing
discussions with patients about pregnancy termination or early
delivery of the fetus in cases of severe renal insufficiency or pre-
eclampsia. While studies suggest a potential increased risk of
bleeding complications for pregnant individuals undergoing this
procedure, it can be clinically very useful, with up to 66% of renal
biopsies in pregnant individuals leading to altered treatment deci-
sions (28). Ultimately, this patient and her partner consented to a
renal biopsy, which demonstrated MCD in the absence of
immune complex–mediated tissue injury.

Case series of SLE patients with nephrotic syndrome and
MCD or FSGS have been reported in the literature for decades
(29–34). These syndromes are now understood as manifestations
of “lupus podocytopathy,” which is characterized by nephrotic-
range proteinuria in a patient with SLE and diffuse podocyte foot
process effacement without glomerular immune complex
deposits or hypercellularity on biopsy (35). These patients typically
have other evidence of active SLE, supporting a link between
lupus and these renal lesions. Diffuse foot process effacement
on biopsy can accompany three major patterns of injury, including

mesangioproliferative lesions (the most common subtype), MCD,
and FSGS (30). Histologic examination has prognostic and thera-
peutic implications, with best treatment response in the mesan-
gioproliferative and MCD subtypes and higher rates of acute
kidney injury, hypertension, and glucocorticoid-refractory disease
in the FSGS subtype (30). In the context of low C3, lymphopenia,
high-titer ANA, positive anti-RNP, and tubuloreticular inclusions
on biopsy, the lesions of MCD in this patient were most likely sec-
ondary due to lupus podocytopathy.

The optimal treatment for lupus podocytopathy is still
unclear, but glucocorticoid monotherapy is often used as a first-
line treatment. Steroid regimens are based on recommendations
for MCD—prednisone 1 mg/kg/day for a minimum of 4 weeks
(or a maximum of 16 weeks if complete remission is not achieved)
followed by a slow taper (35). An additional consideration in this
patient was the safety of high-dose glucocorticoids during preg-
nancy. Moderate-to-high doses of glucocorticoids (e.g., >10–20
mg of prednisone per day) have been associated with preterm
delivery and low birth weight (36–38), but uncontrolled autoim-
mune renal disease also carries significant risks to maternal-fetal
health (15), which justified treatment with recommended doses.
Hydroxychloroquine was also added to her medication regimen
given its multiple benefits, including a strong safety record in preg-
nancy (39) and associations with improved pregnancy outcomes
in SLE patients (40). Most patients with lupus podocytopathy will
achieve partial or complete remission with these medications
alone (29,31), although subsequent relapses occur in up to 60%
of patients in long-term follow-up (30). Addition of a steroid-
sparing immunosuppressive agent has been associated with
reduced rates of relapse (41), although this was deferred in this
patient given the favorable outcomes of the MCD subtype. She
continues to be monitored closely for recurrence of proteinuria
or development of other SLE features, as a relapse of MCD, trans-
formation to FSGS, or development of frank proliferative lupus
nephritis have all been described in lupus podocytopathy (30–32).

Although diagnosed with intrauterine growth restriction in her
third trimester, the pregnancy course in this patient had a favor-
able outcome with an uncomplicated delivery at term. This work
underscores the importance of considering a broad differential of
renal disorders with a mechanistic approach to proteinuria during
pregnancy. The decision to pursue renal biopsy during pregnancy
clarified the diagnosis of a rare presentation of SLE and guided
treatment with surveillance recommendations tailored to optimize
renal recovery and maternal-fetal health, ensuring that this mother
and her newborn both started off on the right foot.

FINAL DIAGNOSIS

Minimal change disease as a manifestation of lupus
podocytopathy.
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C L I N I C O P A T HO LOG I C C ON F E R EN C E

Recurrent Pleural Effusions, Lymphedema, and Abnormal
Nails in a 61-Year-Old Man

Avni Amratia, Madiha Ahmad, and Arezou Khosroshahi

CASE PRESENTATION

Chief symptoms

A 61-year-old man with a history of hypertension, coronary
artery disease (CAD) with prior stent placement, and chronic
obstructive pulmonary disease (COPD) presented with a
4-month history of recurrent pleural effusions and progressive dif-
fuse edema.

History of present illness

Four months prior to hospital presentation, the patient began
to notice new onset dyspnea on exertion, with accompanying
fatigue and chest pain. Findings from the initial evaluation with tro-
ponin and electrocardiogram were negative. A radiograph of the
chest was performed and revealed a moderate-sized left pleural
effusion. The patient did not have a history of pleural effusions or
heart failure. Therefore, he underwent diagnostic thoracentesis,
and fluid studies were consistent with an exudative pleural effu-
sion without malignant cells or microbial growth.

One week following the procedure, the patient continued to
note dyspnea. A radiograph of the chest was repeated and
revealed recurrence of left-sided pleural fluid. Thus, he had a sec-
ond thoracentesis, with pleural studies revealing similar negative
findings. Given progressive symptoms, a computed tomography
(CT) scan of the chest was performed, which then revealed
bilateral pleural effusions. Further diagnostic evaluation was con-
ducted with a bronchoscopy; however, this was also nondiag-
nostic for underlying causes. The patient was subsequently
referred to cardiothoracic surgery for a pleural biopsy.

The patient was admitted to the hospital for an elective left tho-
racotomy with total pulmonary decortication and a left pleural
biopsy. The procedure went well without any complications. How-
ever, shortly after the procedure, he developed new onset lower

extremity and scrotal edema. Evaluation for sudden onset edema
included a normal transthoracic echocardiogram and negative find-
ings on Doppler ultrasound of the lower extremities. Hewas started
on a regimen of diuretics with some improvement of symptoms,
but the underlying cause for edema remained unclear. The patient
was discharged home with a plan for close outpatient follow-up.

Due to progressively worsening diffuse edema and new
abdominal distention, the patient returned to our hospital for treat-
ment 5 days after discharge. A repeat CT of the chest revealed
worsening right pleural effusion, new left lower lobe consolidation,
and new right upper lobe ground glass opacities. There was con-
cern for possible hospital-associated pneumonia, and the patient
was treated empirically with antibiotics. Despite diuretic therapy
during admission, he continued to have progressive edema,
which now involved the hands, arms, and face. His albumin level
was mildly low, but further evaluation with CT of the abdomen
and pelvis did not reveal pathologic changes of the liver or ascites.
The patient also underwent a third thoracentesis, which remained
negative for infection and malignancy. Interestingly, results
from pleural biopsy revealed subacute fibrosing pleuritis with
increased number of IgG4-positive plasma cells. Rheumatology
was consulted for possible immunoglobulin G4–related disease
(IgG4-RD).

Past medical history

The patient reported a history of CAD with previous stent
placement, squamous cell carcinoma of the skin with resection,
hypertension, hyperlipidemia, COPD, and erectile dysfunction.

Family and social history

Family history was notable for diabetes mellitus and myocar-
dial infarction in his mother. He did not have a family history of lung
cancer. At the time of his presentation to the hospital, the patient
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lived with his wife at home, consumed alcohol socially, and was a

current smoker with a 45 pack-year history. He previously worked

as a plant manager for a cement factory.

Medications and allergies

At the time of admission, the patient’s medication list
included aspirin, atorvastatin, metoprolol, furosemide, sildenafil,
tiotropium, oxycodone, and albuterol. He had no known drug
allergies.

Review of systems

The patient reported dyspnea on exertion, fatigue, edema of
the bilateral lower extremities, scrotal edema, and abdominal dis-
tension. He also described a wet, but non-productive chronic
cough. He denied fevers, chills, vision changes, dry eyes, oral
ulcers, Raynaud’s phenomenon, headaches, dizziness, weak-
ness, paresthesia, chest pain, hematuria, rashes, arthralgias, or
myalgias. He denied parotid or lacrimal gland swelling and any
history of pancreatitis. He endorsed recurrent episodes of sinusi-
tis and nails with significantly slow growth.

Physical examination

The patient was a pleasant male adult in no acute distress. He
was afebrile with a pulse of 70, blood pressure reading of
114/68 mm Hg, and oxygen saturation of 95% on a 1-liter nasal
cannula. He had normal mucous membranes with absence of oral
or nasal ulcers. He did not have lymphadenopathy. Lacrimal,
parotid, and submandibular glands were not enlarged. He had nor-
mal work of breathing with end expiratory wheezes and crackles
heard throughout the bilateral lung fields. He had symmetric 2+

pitting edema of the bilateral lower extremities extending to his
thighs as well as edema of the scrotum, face, and upper extremi-
ties. Furthermore, thickened skin over the dorsum of the second
toe was noted, and the examiner was unable to pinch the skin,
indicative of a positive Stemmer’s sign. The patient did not have
any rashes, nodules, or telangiectasias. His fingers had absent cuti-
cles and lunulae with increased curvature of several nails and mild
yellow staining of the peripheral left first and second nails
(Figure 1). The patient’s toenails were also significantly thickened
and yellow in color (Figure 2).

Laboratory and radiographic evaluation

Pertinent negative laboratory findings during the patient’s
hospitalization are summarized in Table 1. Albumin level was 3.1

Figure 1. Absence of cuticles and increased nail curvature in several fingers of both hands. Mild yellow staining of peripheral first and second
nails of the left hand was noted.

Figure 2. Thickened and yellow toenails observed in the patient.
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gm/dl (normal range: 3.5–5.7 gm/dl) with total protein of 6.5 gm/dl
(normal range: 6.4–8.9 gm/dl). Complete blood cell count
included a white blood cell count of 10.6/μl (normal range 4.2–
9.1/μl), hemoglobin of 12.6 gm/dl (normal range: 12.9 to 16.1
gm/dl), and platelet count of 517/μl (normal range: 150–400/μl).
Urine protein and urine creatinine were recorded as 8 mg/dl and
165 mg/dl, respectively, resulting in a notable protein/creatinine
ratio of 0 gm/24-hour urine protein clearance.

Pleural fluid studies showed an exudative effusion with a pro-
tein ratio of 0.6. Findings were notable for a total white blood cell
count of 1,750 cells/μl with a cell differential of 3% neutrophils,
87% lymphocytes, and 10% macrophages. Cholesterol value of
the pleural fluid studied was 76 mg/dl. Evaluation for infectious
causes was negative. This included a negative Legionella urine
antigen screen, Histoplasma antigen, Blastomyces antibody,
Coccidiodes antibody, bacterial blood cultures, stool culture,
Clostridium difficile by polymerase chain reaction test, and blood
Cryptococcal antigen. Furthermore, assays for syphilis, hepatitis B,
and hepatitis C, and HIV were nonreactive. Additionally, bacterial,
fungal, and acid-fast bacillus cultures collected from pleural
fluid were negative. Bronchoalveolar lavage cultures prior to this
admission grew Mycobacterium avium complex and Exophiala
dermatitidis. However, infectious disease consultants felt these
results suggested colonization and not an active infection due to
the patient’s immunocompetent status and lack of risk factors.
QuantiFeron-TB testing was also negative.

Serum protein electrophoresis testing was unremarkable.
Serologic markers including antinuclear antibody, antineutrophilic
cytoplasmic antibody, double-stranded DNA antibody, and rheu-
matoid factor were all negative. Erythrocyte sedimentation rate
was mildly elevated at 34 mm/hour (normal range: 1–30 mm/
hour). Immunoglobulin levels included total IgG of 611 mg/dl

(normal range: 610–1,616 mg/dl), IgA of 140 mg/dl (normal
range: 84–499 mg/dl), total IgM of 216 mg/dl (normal range:
35–242 mg/dl), and total IgE level of 315 kU/liter (normal high:
<180 kU/liter). Levels of IgG subclasses included an IgG1
level of 329 mg/dl (normal range: 240–1,118 mg/dl), IgG2 of
228 mg/dl (normal range: 124–549 mg/dl), IgG3 of 73 mg/dl
(normal range: 21–134 mg/dl), and IgG4 34 mg/dl (normal range:
1–34 mg/dl).

A CT of the chest performed during the patient’s second
admission was compared to the CT scan of the chest performed
earlier. The second CT showed an interval increase in the size of
the moderate right pleural effusion, trace left pleural effusion,
surrounding right lower lobe atelectasis, and patchy ground
glass opacities of the right upper lobe and left lower lobe; lymph-
adenopathy was absent on the repeated CT of the chest. CT of
the abdomen and pelvis was normal without evidence of ascites
or lymphadenopathy. There was also no evidence of liver, pan-
creas, or renal abnormalities. Of note, these imaging studies
did not reveal any vascular abnormalities. Scrotal ultrasound
with Doppler showed normal testicles and normal Doppler sig-
nals bilaterally.

Pleural biopsy revealed fibrosing pleuritis with intense
mononuclear inflammatory infiltrate and patches of non-storiform
fibrosis. The inflammatory infiltrate comprised a mixture of
CD3-positive T cells, CD20-positive B cells, and plasma cells.
There were 71 IgG4 positive plasma cells per high-power field
with a ratio of IgG4/IgG-positive plasma cells of 32%. Plasma cells
were polytypic by immunoglobulin κ and λ light chains in situ
hybridizations. Images from the surgical pleural biopsy are
shown in Figure 3.

CASE SUMMARY

The patient was at the time of presentation a 61-year-old
man with history of cardiovascular disease and COPD who pre-
sented with chronic recurrent exudative and lymphocytic pleural
effusions, distinct nail changes, and diffuse body edema not
explained by cardiac, renal, hepatic, or gastrointestinal disease.
Pleural biopsy revealed fibrosis and lymphocytic infiltration with
frequent IgG4+ plasma cells but no evidence of infection or
malignancy.

DIFFERENTIAL DIAGNOSIS

Here we discuss the differential diagnosis of the constellation
of recurrent pleural effusions and diffuse edema in the patient with
the following possible etiologic causes.

Common causes of recurrent pleural effusions. The
differential diagnosis for the most common causes of recurrent
pleural effusions includes congestive heart failure, cirrhosis of the
liver, nephrotic syndrome, and protein losing enteropathies. In this

Table 1. Pertinent negative laboratory results on admission

Laboratory
value

Reference
range

Sodium, mmoles/liter 140 136–145
Potassium, mmoles/liter 3.6 3.5–5.1
Chloride, mmoles/liter 99 98–107
Carbon dioxide, mmoles/liter 32 23–29
Anion gap, mmoles/liter 9 2–11
Blood urea nitrogen, mg/dl 13 7–25
Creatinine, mg/dl 0.94 0.70–1.30
Glucose, mg/dl 137 70–105
Calcium, mg/dl 9 8.6–10.3
Bilirubin (total), mg/dl 0.3 0.3–1.0
Aspartate aminotransferase,
units/liter

14 13–39

Alanine aminotransferase,
units/liter

14 7–52

Alkaline phosphatase, units/
liter

98 34–104

Troponin, ng/ml <0.03 ≤0.04
Brain natriuretic peptide, pg/ml 42 ≤99
International normalized ratio 1.04 <1.1
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patient, all these diagnoses were excluded based on an extensive
evaluation outlined above. Specifically, the patient had a normal
echocardiogram, normal brain natriuretic peptide, and recurrent
exudative pleural effusions, which argued against a diagnosis of
congestive heart failure (1). We also considered liver cirrhosis and
development of hepatic hydrothorax. Although the patient had
recurrent effusions refractory to thoracentesis and diuretics, liver
function tests, hepatitis panel, HIV testing, autoimmune markers,
and international normalized ratio were all normal. More impor-
tantly, he did not have ascites or liver abnormalities on the abdo-
men and pelvis CT (2–4). Nephrotic syndrome was also excluded
due to normal kidney function and urinalysis without proteinuria
(5). The patient’s presentation was most consistent with lymph-
edema rather than decreased plasma oncotic pressure as seen in
liver failure and nephrotic syndrome. Lastly, protein-losing enterop-
athies must be considered in patients with recurrent pleural effu-
sions and edema. Protein-losing enteropathy is a condition
characterized by an abnormally rapid loss of serum proteins, com-
monly albumin, and can be associated with malignancy, infections,
or autoimmune diseases (6). An absence of diarrhea and a relatively

normal albumin level suggested that a diagnosis of protein-losing
enteropathy was not applicable in this patient.

Malignancy. Malignancy was highly suspected given the
systemic and progressive nature of his presentation. Lung can-
cer, lymphoma, mesothelioma, and breast cancer are the most
common malignancies that are associated with malignant pleural
effusions (7). Pleural effusions can be the first manifestation of
metastatic cancer and are often associated with a poor progno-
sis. Additionally, cancer infiltration into the lymphatic system can
lead to secondary lymphedema and peripheral edema. Notably,
lung cancer with regional metastasis can cause thoracic outlet
syndrome leading to edema of the facial and upper extremity
regions (8). The patient had an extensive evaluation that included
multiple thoracenteses, a bronchoscopy, a pleural biopsy, and
imaging, which were all negative for malignancy.

Silicosis. Silicosis was also considered given the patient’s
occupation as a cement factory plant manager. Silicosis is often
isolated to the lungs and produces progressive and irreversible

Figure 3. Surgical pleural biopsy (A) showing subacute pleuritis characterized by surface fibrin (stars) and a moderately intense mononuclear
inflammatory infiltrate (arrows) with many plasma cells (B). A large subset of the plasma cells (C), highlighted by IgG expression, show expression
of IgG4 (D). Sections were stained with hematoxylin and eosin in A and B, and immunohistochemical staining directed against IgG and IgG4 was
performed in C and D, respectively. Original magnification × 40 in A; × 200 in B–D.
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lung disease after prolonged dust inhalation. Typical findings of
this condition include multiple discrete pulmonary nodules, inter-
stitial lung disease, lung fibrosis, and pleural thickening. In rare
cases, silicosis can produce right heart failure (9). Pleural effusions
and extrapulmonary manifestations of silicosis are extremely rare
presentations, but there are no significant data to suggest diffuse
edema is present in this disease (10). Pleural biopsy findings were
consistent with hyalinized collagen bundles with dust-filled histio-
cytes and interstitial fibrosis (11). Pleural biopsy findings, lack of
pulmonary nodules on imaging, and a normal transthoracic echo-
cardiogram made silicosis an unlikely cause of the patient’s
presentation.

Autoimmune conditions. Pleural involvement is common
in patients with autoimmune diseases, including systemic lupus
erythematosus, rheumatoid arthritis, and inflammatory myositis.
However, the absence of a medical history typical of autoimmune
disease, physical examination findings, and negative findings on
serologic testing made these diagnoses unlikely for this patient.

IgG4-related disease (IgG4-RD). IgG4-RD is an inflam-
matory condition of unclear etiology that can manifest with single
or multiple organ involvement. The most commonly affected
organs include the pancreaticobiliary system, salivary glands,
lung, and orbits (12). Clinical presentation of IgG4-RD can mimic
many conditions including infections, malignancies, and other
inflammatory diseases. Thus, thorough evaluation to exclude
these mimickers is necessary prior to diagnosis.

Although the patient did have chest pain, cough, and dys-
pnea, which can be presenting symptoms in IgG4-RD, a CT chest
did not show findings of prebronchovascular and septal thicken-
ing of airways that characterize this disease. Pleural involvement
in IgG4-RD can vary from extensive adhesive fibrinous pleural
thickening to incidental pleural effusions on imaging (13,14).

Lastly, while pleural biopsy revealed an increased amount of
IgG4-positive plasma cells, the ratio of IgG4 to total IgG was only
32%. Diagnosis of this disease is based on an increased ratio of
IgG4 to total IgG-positive plasma cells with a cutoff ratio of
>40% as well as >10 IgG4-positive plasma cell/high-power field.
More importantly, histopathology of IgG4-RD has 3 characteristic
findings—a storiform pattern of fibrosis, obliterative phlebitis, and
dense lymphoplasmacytic infiltrates with IgG4-positive plasma
cells (15). Pleural biopsy findings in the patient revealed lympho-
plasmacytic infiltrates. This can be seen in other conditions and
is not specific for IgG4-RD. Also, he did not have any of the pat-
terns of organ involvement typically observed in IgG4-RD.

Classification criteria were developed for IgG-RD in 2019. It
should be noted that these criteria were not created for use in clin-
ical practice or to establish a diagnosis of IgG4-RD. Instead, the
intent was to provide a framework for clinicians considering
IgG4-RD diagnosis andmostly for research purposes. This classi-
fication criteria were validated with a specificity of 97.8% and a

sensitivity of 82% for diagnosis of IgG4-RD. Our patient met inclu-
sion criteria because of pleural biopsy findings, but his score was
only 4 (a score greater than 20 is needed to meet classification cri-
teria for IgG4-RD) (16). When combined with the absence of other
clinical or laboratory features suggestive of IgG4-RD, the pathol-
ogy is not specific. Furthermore, we were not able to explain his
lymphedema, recurrent pleural effusions, and nail discoloration
with IgG4-RD.

Yellow nail syndrome (YNS). YNS is a rare syndrome
characterized by a triad of nail changes, lymphedema, and recur-
ring respiratory manifestations in patients 50 years or older. Its
incidence has been relatively unknown with less than 400 cases
documented in the literature. The pathophysiology of YNS is
unclear, and in isolated cases, has been associated with autoim-
mune conditions and malignancy.

While YNS is characterized by a triad of features, only 2 are
required for diagnosis. The complete triad is found in merely 27–
60% of patients. Nail changes are the primary manifestations
and include nail discoloration ranging from pale yellow to dark
green, absent or insufficient cuticles, thickened nail plates,
reduced longitudinal nail growth, and increased nail thickness.
Respiratory manifestations are found in 56–71% of patients and
include bronchiectasis, pleural effusions, sinusitis, recurrent
pneumonias, and chronic cough. The most common respiratory
manifestations are sinusitis and exudative pleural effusions
(17–19). Pleural effusions tend to be persistent and often reoccur
within days of thoracentesis. Pleural biopsies, though they do not
provide diagnostic information, can be normal or show fibrosing
pleuritis with lymphocytic cellular infiltrate (20,21). Lastly, lymph-
edema may be the first manifestation of YNS. Stemmer’s sign,
which is defined by inability to pinch the skin on the dorsal side
or the base of the second toe, is pathognomonic on physical
examination. It primarily involves the lower extremities though
extension to the face, upper extremities, and peritoneal cavity
has been documented (22).

CLINICAL COURSE

The patient was diagnosed with YNS following exclusion of
infectious, autoimmune, and malignant causes. He started receiv-
ing high-dose vitamin E and torsemide. The patient was seen at
an outpatient follow-up visit 1 month after discharge with signifi-
cant improvement in edema and dyspnea on exertion. Radio-
graphs of the chest performed 6 months after initial presentation
demonstrated notable improvement with only trace bilateral pleu-
ral effusions observed.

DISCUSSION

The patient was diagnosed as having YNS. The diagnosis of
YNS is one of exclusion, and we felt that the patient had an
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extensive evaluation to determine other possible causes of his
presentation. This included evaluation by multiple specialists,
imaging, and laboratory testing. The patient was diagnosed as
having YNS given the discoloration of his nails, history of slow
growth, frequent sinus infections, recurrent exudative pleural effu-
sions, chronic cough, and positive Stemmer’s sign. Dermatology
consultation confirmed this diagnosis. Furthermore, the results
of the pleural biopsy can be explained by a diagnosis of YNS given
that fibrosing pleuritis is seen in this condition. Literature review
indicates histopathologic examination of the pleura in YNS usually
shows features of fibrosing pleuritis with presence of plasma
cells; however, IgG4 expression is limited in reported cases
(23–26). Expression of IgG4 in tissue is not exclusive for YNS as
IgG4 plasma cells can be present in many other inflammatory pro-
cess like IgG4-RD, sarcoidosis, vasculitis, and rheumatoid
arthritis.

Although YNS has been known for several decades, the
pathophysiology behind it is largely unknown due to the scarcity
of the disease. The leading hypothesis suggests abnormalities in
lymphatic drainage causing increased microvascular permeability
and subsequent protein leakage (27). Though it is difficult to con-
firm lymphatic impairment, it has been evaluated by lymphangiog-
raphy. A study of 4 patients with YNS undergoing lower limb
lymphangiography with 99mTc-colloidal antimony sulfide showed
reduced uptake (impaired drainage) within the lower limb lymph
nodes (28). Additionally, in comparison to primary lymphedema,
there is a significantly higher rate of uptake observed in YNS
patients, suggestive of decreased lymph transport rather than
hypoplasia or aplasia.

Impairment in lymph drainage leading to subungual tissue
sclerosis has also been thought to contribute to nail changes
seen in YNS. Dilated and tortuous capillary loops can be seen
on nailfold capillaroscopy. Histologic examination of nail-matrix
tissues under light microscopy is notable for replacement of
normal fibrovascular structure with dense collagen deposits as
well as dilation and fibrosis of numerous lymph channels (29).
The findings of fibrotic and dilated lymphatic vessels have also
been seen in the parietal pleura of YNS patients. However, this
theory does not explain many other pulmonary manifestations
such as bronchiectasis and sinusitis, and full exploration has
been limited (30).

Treatment for YNS is based on symptoms exhibited by the
patient and can include vitamin E and antifungal drugs for nail dis-
coloration, antibiotics as warranted for sinusitis, and compressive
therapy for lymphedema. In patients with recurrent pleural effu-
sions, somatostatin analogs such as octreotide have been used
with success. It should also be noted that YNS can resolve spon-
taneously (31).

FINAL DIAGNOSIS

Yellow nail syndrome.
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E D I T O R I A L

A Moving Target: Lessons From Long-Term Studies
in Juvenile Idiopathic Arthritis

Jaime Guzman and Ross E. Petty

In this issue of Arthritis Care & Research, Glerup et al com-

pare data on juvenile idiopathic arthritis (JIA) categories, disease

activity, and treatments at disease onset, at 8 years later, and at

18 years later in the Nordic JIA cohort (1). The findings in this

study, together with detailed 18-year findings published in 2020

(2), exemplify 4 main lessons learned from recent long-term JIA

cohorts.

Lesson 1: if you reapply classification criteria, JIA
categories become amoving target. The current study con-
firms that strict ascertainment and application of International

League of Associations for Rheumatology (ILAR) JIA classification

criteria (3) years after diagnosis results in reclassification of

roughly 10–30% of patients. Should we be surprised by this?

After all, it is well known to rheumatologists that psoriasis may

develop years after arthritis and that nonradiographic spondyloar-

thropathy evolves into ankylosing spondylitis in some patients.

Yet, it is important that we classify patients in a uniform way early

in the disease to accurately advise patients and families on what

to expect and to define groups for inclusion in mechanistic and

treatment studies. Glerup and colleagues have clearly shown that

patients continue to shift across JIA categories up to 18 years

after diagnosis (1,2), so retrospective reclassification would pro-

duce different groupings depending on when the reclassification

is done. And, obviously, retrospective reclassification can not be

used to select participants for prospective studies early in the

disease.
Changes to family history were a main reason for reclassifica-

tion in the study by Glerup et al, and we know that family history of

psoriasis is also the most common reason for classification of

undifferentiated arthritis (4). Some JIA categories (e.g., systemic

arthritis and rheumatoid factor–positive polyarthritis) were more

stable than others (1), a fact recognized in recent efforts to revise

the ILAR classification (5). From their inception, it was recognized

that JIA classification criteria would need to be revised periodi-

cally, but until we have agreement on something demonstrably

better, using the current criteria is much preferable to each study

using different categories. Further, we should apply the criteria at

the point where it is recommended to do so, which is 6 months

after disease onset.

Lesson 2: JIA long-term prognosis has improved but
is not optimal. In the 1980s it was believed that most children
with arthritis would outgrow the disease (6). Although this belief

was an unsubstantiated claim, it was a frequent clinical observa-

tion that the disease would eventually burn out and no longer

exhibit active inflammation. Burned-out disease, however, often

meant life-long disability (Steinbrocker criteria [7] class 3 or 4 in

10–30% of patients) (6), stunted growth, shortened lifespan, and

multiple surgeries. Those who did bear witness to the signs of

burned-out disease would regard the results reported by Glerup

et al as a glass half full, even though others may look at them as

a glass half empty because half of the patients did not fulfill criteria

for remission at 8 years and 18 years. Of note, 18 years after dis-

ease onset, >75% of participants had a Health Assessment

Questionnaire Disability Index score of 0 or 0.125 and no active

joints (2). Further, 70% of participants were not taking any treat-

ment by 18 years after onset, and 45% of patients in fact had

not received any disease-modifying antirheumatic drug (DMARD)

for 10 years! In oncology, such a treatment course would be

called a cure.

Lesson 3: prognosis for some JIA categories has
improved more than for others. Systemic arthritis used to
be considered the most severe JIA category, but long-term

cohorts in the Nordic countries, Canada, and The Netherlands
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have shown that this is no longer the case (1,8–10). Although
patients are acutely ill at onset, it now appears that systemic JIA
is the category with the best long-term prognosis, whether it is
treated early with prednisone and methotrexate (9) or with bio-
logics (10). Enthesitis-related arthritis now appears to be a cate-
gory with a more protracted course and long-term need for
medications than previously realized (1,2). The Nordic cohort
included very few patients with rheumatoid factor–positive polyar-
thritis, but other studies suggest this is a persisting problematic
disease (8,9).

Oligoarthritis used to be considered the most benign cate-
gory. This opinion may still be valid if only children with persistent
oligoarthritis are considered. Such a consideration, however,
would be a self-fulfilling prophecy because the moment the dis-
ease proves to be aggressive (extends beyond 4 joints), patients
are taken out of the category. Of 230 participants with oligoarthri-
tis at disease onset, Glerup et al reclassified 80 participants as
having extended oligoarthritis by the 8-year follow-up and a fur-
ther 17 participants by the 18-year follow-up (1). The separation
of persistent and extended oligoarthritis clearly does not help for
counseling patients at disease onset. Patients may be better
served when oligoarthritis is described as a single group, and
extension as an undesirable outcome. By providing such a
description, oligoarthritis does not seem very benign, with up
to 30% of patients not in remission 30 years after disease
onset (8).

Lesson 4: patients may accept minimally active dis-
ease rather than taking treatment. Glerup et al reported
that many patients categorized as having active disease were
not receiving any treatment at the 18-year follow-up, and that only
42% of the overall cohort were followed regularly by a physician
(2). In a 30-year follow-up study by Selvaag et al, 44% of patients
categorized as having active disease were not receiving any
DMARDs (8). These findings could have 3 explanations. First,
remission criteria may be too stringent, since in some patients
morning stiffness lasting >15 minutes was the only sign of active
disease (2,11). Second, patients may consider minimal disease
activity as an acceptable state, preferable to the inconveniences
and risks of treatment (12). Third, these patients had an unsuccess-
ful transition to adult care, and they should be reconnected to med-
ical care and treated. In our opinion, the second explanation is the
most likely, since receiving treatment has a significant psychosocial
impact and risks of side effects that decrease quality of life (13).

The study by Glerup et al should be interpreted in light of
2 important considerations. First, 17% of patients were lost to
follow-up 18 years after disease onset, and a further 20%
declined to attend an in-person assessment. Those who declined
had twice the chance of being in remission relative to those who
volunteered to attend, based on participants’ subjective assess-
ments. Overall, 291 of 510 (57%) eligible participants attended
in-person assessments at all 3 study points (1). Significant attrition

is a major problem in most JIA long-term studies published to
date and may mean that the true long-term prognosis is better
than what is reported. Patients who are doing well may be less
likely to volunteer for a clinic visit years after they have left the care
of the pediatric rheumatologist.

Second, researchers in the Nordic cohort made a conscien-
tious effort to recruit all children with JIA within defined geographic
regions in Scandinavian countries renowned for their universal
health care systems and health care registries. In deciding to what
extent the JIA prognosis reported by Glerup et al (1,2) applies to
their patients, clinicians should be mindful of referral biases and
ethnic and health care differences that may influence their own
clinic populations.

In conclusion, recent reports from long-term JIA cohorts
paint a very different picture than what JIA looked like in the
1980s but, clearly, it is still a life-long concern for a sizable subset
of patients. Further, long-term prognosis will continue to change
as treatments evolve from a methotrexate era to a biologic era
(14). Call us optimistic, but while JIA long-term prognosis has
become a moving target, we see recent results as a very encour-
aging half-full glass.
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Changing Patterns in Treatment, Remission Status, and
Categories in a Long-Term Nordic Cohort Study of Juvenile
Idiopathic Arthritis

Mia Glerup,1 Ellen D. Arnstad,2 Veronika Rypdal,3 Suvi Peltoniemi,4 Kristiina Aalto,5 Marite Rygg,6

Susan Nielsen,7 Anders Fasth,8 Lillemor Berntson,9 Ellen Nordal,3 and Troels Herlin,1 for the Nordic Study
Group of Pediatric Rheumatology (NoSPeR)

Objective. To explore sustainability of achieved remission off medication and defined International League of
Associations for Rheumatology (ILAR) categories in juvenile idiopathic arthritis (JIA) and describe the trajectory of dis-
ease course over time by comparing treatment, disease activity, and ILAR categories from baseline, 8 years, and
18 years after disease onset.

Methods. A total of 373 of the 510 included patients were initially recruited consecutive cases of JIA from the pro-
spective, longitudinal, population-based Nordic JIA cohort with disease onset during 1997–2000 from Denmark,
Norway, Sweden, and Finland in an 18-year follow-up study. Clinical data were collected consecutively at baseline,
8 years, and 18 years after disease onset and were evaluated regarding treatment, disease activity, and ILAR category.

Results. Significantly more patients (70%) were off medication after 18 years of follow-up compared to after
8 years (59.7%); nevertheless, the number of patients in remission had not increased (52% off medication versus
51% on medication). Twelve percent of patients changed ILAR category between 8 years and 18 years after disease
onset. Almost half of the changes were due to updated information about heredity in a first-degree relative. In the same
period, the psoriatic arthritis group increased significantly in number (P < 0.001), in contrast to the oligoarticular cate-
gory, which decreased (P = 0.02). The undifferentiated group increased 24% from 8 to 18 years of follow-up; however,
this increase was not significant (P = 0.06).

Conclusion. In this Nordic JIA cohort study, the remission rate did not increase even though significantly more
patients were off medication at the 18-year follow-up compared to at the 8-year follow-up after disease onset. The dis-
tribution of patients in the ILAR categories continued to change significantly throughout the 18-year study period.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a chronic immune-

mediated inflammatory disease in childhood with a miscellaneous

disease spectrum from monophasic to chronic and an often

fluctuating and unpredictable disease course. The variability of

outcome and complications warrant grouping into homogeneous

categories according to distinct phenotypes, pathophysiology,

biochemical findings, disease course, and prognosis. Distinguishing

the different classification criteria is essential for clinical trials and

epidemiologic studies, such as long-term outcome investigations.

According to the International League of Associations for Rheu-

matology (ILAR) consensus-based classification criteria, there

are 7 exclusive JIA categories, including systemic JIA, oligo-

arthritis (persistent and extended), polyarticular rheumatoid factor

(RF) negative, polyarticular RF positive, juvenile psoriatic,

enthesitis-related (ERA), and undifferentiated (1). Undifferentiated

JIA is applicable in cases where the criteria for other categories
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are neither met nor allow unambiguous classification. The ILAR

criteria proposed in 1995 (2) were revised in 1998 (3) and in

2004 (1) to correct misconceptions. However, ongoing criticism

about the current criteria has been raised and, contrary to the

intentions of the ILAR criteria, the distribution of patients for most

categories tends to change over time in the first decade of the dis-

ease course (4).
Current treatment recommendations propose the use of

medication tailored according to clinical manifestations, as previ-
ously described (5–10). The scale of research in this field is still
advancing, and modern therapies have evolved the outcomes of
JIA, due to the increasing variety of targeted therapies that are
available (11,12). Etanercept was the first biologic drug studied
in polyarticular JIA, and the randomized controlled trial (RCT)
was published in 2000 (13). In the subsequent 2 decades, several
RCT studies on anti–tumor necrosis factor (anti-TNF) agents,
CD28 receptor antagonist, interleukin-1 (IL-1) inhibitors, and
anti–IL-6 receptor antagonist have been published in JIA
(14–16). Despite the revolutionary leap in treatment options, we
found that JIA continues to be an ongoing chronic disease, with
only 33% of individuals in clinical remission off medication even
18 years after disease onset (17). Furthermore, we have shown
that the ILAR categories defined at disease onset change consid-
erably during the first 8 years of disease course (4).

In the past 2 decades, 2 other studies have reported longitu-
dinal data on long-term outcomes with a follow-up of >10 years
(18,19) but both the 15- and 17-year follow-up in these studies
are from the prebiologic era before year 2000. No previous study
has reported on the longitudinal changes in ILAR criteria beyond
8 years after disease onset. There is a shortage of conclusive data
about the sustainability of the defined ILAR categories, medical
treatment, and achieved remission beyond the first decade of dis-
ease; these concerns have been addressed in the present study.
We aimed to investigate the longitudinal trajectory of JIA disease
course over time by comparing ILAR categories, treatment, and

disease activity from baseline and 8 years and 18 years of
disease.

PATIENTS AND METHODS

Study design. We performed a multicenter, prospective,
population-based study of the Nordic JIA cohort, including data
collected consecutively at baseline and at 8-year and 18-year
follow-up visits. Study participants included were all consecu-
tively, newly diagnosed patients from defined geographic areas
of Denmark, Norway, Sweden, and Finland with onset of JIA
between January 1, 1997 and June 30, 2000. JIA was classified
according to the ILAR criteria (1). A total of 510 participants were
included in the cohort.

For the 3 study visits, all previously included participants
were invited regardless of disease status. Data from baseline
and the 8-year and 18-year follow-up visits have previously been
published individually (4,17,20).

Inclusion criteria. All eligible participants fulfilled the ILAR
criteria (1) and had at least 3 study visits at baseline and 8 years
and 18 years after disease onset. There were no exclusion criteria.

Data collection. Demographic characteristics, treatment,
disease characteristics, and blood samples were collected at the
study visits. Additionally, a clinical examination was performed.
We offered a standardized telephone interview to those who
could not attend a study visit and a cross-check of the validity of
the information was performed in the medical records.

Treatment. Medications were categorized as nonsteroidal
antiinflammatory drugs (NSAIDs), systemic steroids taken at the
time of the follow-up visit, conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs), and biologic
DMARDs (bDMARDs). Methotrexate, azathioprine, hydroxychlor-
oquine, leflunomide, sulfasalazine and mycophenolate mofetil
were the included csDMARDs. The bDMARDs used included
etanercept, infliximab, adalimumab, certolizumab, golimumab,
rituximab, abatacept, anakinra, and tocilizumab. DMARDs refers
to the use of csDMARDs and/or bDMARDs.

Inactive disease and remission.We applied the prelimi-
nary Wallace criteria (21) for clinical inactive disease, which
includes: 1) no joints with active disease; 2) no fever, rash, serosi-
tis, splenomegaly, or generalized lymphadenopathy attributable
to JIA; 3) no active uveitis; 4) normal erythrocyte sedimentation
rate (ESR) and/or C-reactive protein (CRP) level; and 5) a physi-
cian global assessment of the disease activity (PhGA), with the
best score attainable indicating no disease activity. For clinical
remission on medication, the criteria for inactive disease on sys-
temic antiinflammatory medication had to be fulfilled for a mini-
mum of 6 continuous months. For clinical remission off

SIGNIFICANCE & INNOVATIONS
• We found that significantly more patients were off

medication 18 years after disease onset compared
to patients at the 8-year follow-up visit, but the num-
ber of patients in remission off medication had not
increased correspondingly.

• The distribution of patients within the International
League of Associations for Rheumatology (ILAR) cat-
egories defined from baseline were not sustained
but changed significantly even beyond 8 years after
disease onset.

• Almost half of the changes in the distribution
between the ILAR categories were caused by
updated information on heredity in a first-degree
relative obtained during follow-up visits.
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medication, the patients must have had inactive disease for a
continuous period of at least 12 months off all anti-arthritis and
anti-uveitis medication (21).

An joint with active disease was defined as a joint with swell-
ing and/or a joint with limitation on motion accompanied by pain
and/or tenderness. We defined a normal ESR as a value
<20 mm/first hour, and a normal CRP level as <10 mg/liter. PhGA
was assessed on a visual analog scale.

Statistical analysis. Descriptive statistics were used to
describe demographic and clinical characteristics. Pearson’s
chi-square test was used to analyze odds ratios (ORs) in categor-
ical, unmatched data. Fisher’s exact test was used to analyze risk
ratios (RRs) and 95% confidence intervals (95% CIs) between
groups for categorical variables, and Mann-Whitney U test was
used to compare medians for continuous variables. For the
within-person analysis shown, we used the case–control OR cal-
culator in STATA.

Ethical approval. Approval from medical ethics commit-
tees and data protection authorities were obtained. Written
informed consent from all participants was achieved according
to the regulations of each participating country.

RESULTS

Of 510 eligible participants, 422 (82.7%) attended the
18-year follow-up visit. In total, 373 completed at least 3 follow-
up visits (Figure 1), at a median of 7 months, 8.1 years, and
17.6 years after disease onset (Table 1). At the time of inclusion,
all participants attended a clinical visit. At the 8- and 18-year
follow-up visits, 357 of 450 patients (79.3%) and 319 of
422 patients (75.6%) attended a clinical visit, respectively, while
the remaining patients participated through a telephone interview

Figure 1. Flow chart of the study population throughout the
18-year observation period.

Table 1. Characteristics of the Nordic JIA cohort of participants with a follow-up at baseline, 8-years, and 18-years and those with a follow-up at
all 3 time points (baseline, 8 years, and 18 years)*

Baseline
(n = 510)

8-year follow-up
(n = 450)

18-year follow-up
(n = 422)

Follow-up at 3 time
points

(n = 373)

Female sex, no./total no. (%) 340/510 (66.7) 299/450 (66.4) 288/422 (68.2) 249/373 (66.8)
Age at onset, median (IQR) years 5.9 (2.8–10.0) 5.5 (2.5–9.7) 5.7 (2.6–9.7) 5.5 (2.3–9.4)
Age at follow–up, median (IQR) years 6.6 (3.3–10.8) 14.2 (10.6–17.6) 23.4 (20.3–27.3) 23.3 (20.2–27.3)
Follow-up time, median (IQR) years 0.6 (0.5–0.7) 8.2 (7.9–8.5) 17.6 (16.8–18.4) 17.6 (16.8–18.4)
ANA positivity, no./total no. (%) 154/442 (34.8) 148/434 (34.1) 141/383 (36.8) 133/365 (36.4)
HLA–B27 positivity, no./total no. (%) 104/481 (21.6) 94/433 (21.7) 87/406 (21.4) 79/363 (21.8)
JIA categories
Systemic JIA 18 (3.5) 17 (3.8) 14 (3.3) 13 (3.5)
Persistent oligoarthritis 275 (53.9)† 139 (30.9) 113 (26.7) 98 (26.2)
Extended oligoarthritis – 80 (17.8) 84 (19.9) 78 (20.9)
Polyarticular RF negative 108 (21.1) 81 (18.0) 73 (17.3) 68 (18.2)
Polyarticular RF positive 10 (2.0) 4 (0.9) 6 (1.4) 3 (0.8)
Psoriatic arthritis 9 (2.0) 14 (3.1) 28 (6.6) 23 (6.1)
ERA 38 (7.5) 47 (10.4) 41 (9.7) 37 (9.9)
Undifferentiated arthritis 52 (10.2) 68 (15.1) 63 (14.9) 56 (15.0)

Treatment
No systemic treatment 402 (78.8) 289 (64.2) 268 (63.5) –

NSAID 262 (51.3) 51 (11.3) 79 (18.7) –

Monotherapy NSAID 187 (36.7) 3 (0.7) 2 (0.5) –

Systemic corticosteroids 27 (5.3) 5 (1.1) 4 (0.9) –

Monotherapy csDMARDs 71 (13.9) 66 (14.7) 35 (8.3) –

Monotherapy bDMARDs 0 (0.0) 15 (3.3) 37 (8.8) –

csDMARD and bDMARDs 6 (1.2) 37 (8.2) 38 (9.0) –

* Values are the number (%) unless indicated otherwise. ANA = antinuclear antibody; bDMARDs = biologic disease-modifying antirheumatic
drugs; csDMARDs = conventional synthetic DMARDs; ERA = enthesitis-related arthritis; IQR = interquartile range; JIA = juvenile idiopathic
arthritis; NSAID = nonsteroidal antiinflammatory drug; RF = rheumatoid factor.
† Oligoarticular, not yet differentiated as persistent and extended.
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(Figure 1). In total, 291 of 373 participants (78.0%) attended a
clinical visit at all 3 time points.

The demographic data of the cohort are shown in Table 1.
Comparison of the participants to those lost to follow-up
revealed no significant difference in baseline characteristics
(Table 2).

Changes in therapeutic drug use. Of the 373 partici-
pants who had a follow-up visit at all 3 time points, 273 (73.2%)
were not receiving DMARDs at baseline. At the 8-year follow-up,
59.7% of the participants were not receiving DMARDs, and at
the 18-year follow-up this proportion increased significantly to
70.0% (RR 1.3, P = 0.003) (data not shown).

Of the 103 participants treated with csDMARDs (either as
monotherapy or in combination with bDMARDs) at the 8-year
follow-up, 44 (42.7%) were still taking csDMARDs at the 18-year
follow-up (RR 0.4, P < 0.001) (data not shown). Additionally, of

the 52 participants who were treated with bDMARDs (either as
monotherapy or combined with csDMARDs) at the 8-year
follow-up, 32 (61.5%) were still receiving bDMARDs at the
18-year follow-up (RR 0.6, P = 0.02). Only a few participants were
taking NSAIDs as monotherapy (3 patients at the 8-year follow-up
and 2 patients at the 18-year follow-up).

Among the 373 participants, 55 (14.7%) did not receive any
treatment for JIA during the entire period from the 8-year follow-
up to the 18-year follow-up. Conversely, 85 of the 373 participants
(22.8%) were receiving continuous DMARD treatment due to
either uveitis or arthritis during the same period. In total, 33 of
the 85 participants (38.8%) were diagnosed with uveitis at some
point of the disease course.

At some point during the disease course, 76.9% of the par-
ticipants with systemic JIA were treated with DMARDs. For the
other arthritis categories, 27.6% of patients with oligoarticular
persistent, 77.3% with oligoarticular extended, 89.7% with

Table 2. Baseline characteristics of the 373 participants with a visit at baseline, 8 years, and 18 years of follow-up com-
pared to the 137 participants lost to follow-up*

Lost to follow-up
(n = 137)

Follow-up at 3 time points
(n = 373) OR (95% CI) P

Female sex 91 (66.4) 249 (66.8) 1.0 (0.6–1.5) 0.94
Age at onset, median (IQR) years 7.1 (3.0–11.2) 5.5 (2.3–9.4) – 0.10†
ANA positivity, no./total no. (%) 21/77 (27.2) 133/365 (36.4) 0.7 (0.4–1.2) 0.13
HLA–B27 positivity, no./total no. (%) 25/118 (21.2) 79/363 (21.8) 1.0 (0.6–1.6) 0.89
Active joint count, median (IQR) 1 (0–3) 1 (0–3) – 0.57†
JADAS-71, median (IQR) 5.9 (3.4–11.0) 4.5 (1.8–11.0) – 0.27†
JIA category

Systemic JIA 5 (3.6) 13 (3.5) – –

Oligoarticular 73 (53.3) 202 (54.2) 1.0 (0.6–1.5) 0.86
Polyarticular RF negative 26 (19.0) 82 (22.0) 0.8 (0.5–1.4) 0.46
Polyarticular RF positive 7 (5.1) 3 (0.0) – –

Psoriatic arthritis 3 (2.2) 6 (0.0) – –

ERA 10 (7.3) 28 (7.5) 1.0 (0.4–2.1) 0.94
Undifferentiated JIA 13 (9.5) 39 (10.5) 0.9 (0.4–1.8) 0.75

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; ANA = antinuclear antibody;
ERA = enthesitis-related arthritis; IQR = interquartile range; JADAS-71 = Juvenile Arthritis Disease Activity Score in 71
joints; JIA = juvenile idiopathic arthritis; OR = odds ratio; RF = rheumatoid factor.
† By Mann-Whitney U test.

Table 3. Changes in disease status from 8-year to 18-year follow-up in participants with juvenile idiopathic arthritis
(n = 363)*

18-year follow-up†

8-year
follow-up

Remission while off
medication

Remission while on
medication

Not in
remission

Remission off
medication

151 (42) 103 (68) 4 (3) 44 (29)

Remission on
medication

34 (9) 12 (35) 6 (18) 16 (47)

Not in remission‡ 178 (49) 40 (22) 23 (13) 115 (65)
Total 363 (100) 155 (43) 33 (9) 175 (48)

* Values are the number (%). Changes in disease status determined according to the preliminary criteria described
by Wallace et al (ref. 21).
† Missing data (n = 10).
‡ Active disease or inactive disease not yet fulfilling the remission criteria either on or off medication.
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polyarticular RF negative, 66.7% with polyarticular RF positive,
65.2% with juvenile PsA, 75.7% with ERA, 58.9% with undiffer-
entiated, and 62.7% of the total cohort were treated with
DMARDs.

In total, 287 of 373 participants (76.9%) had joint injections
performed in a median of 3 joints (interquartile range [IQR] 0–8.5)
at some time point between baseline and the 8-year follow-up
visit. Between the 8- and the 18-year follow-up visits, 146 of
373 participants (39.1%) had joint injections performed, also with
a median of 3 joints (IQR 2–7).

Among those who did not receive any medication irrespec-
tive of the JIA categories, we grouped together the participants
off medication at the 18-year follow-up in the oligoarticular (≤4
cumulative joints) and polyarticular courses (>4 cumulative joints).
Among participants with an oligoarticular course, 123 of
136 (90.4%) were off medication at the 8-year follow-up, and
132 of 237 (55.7%) with a polyarticular course were off medica-
tion. At the 18-year follow-up, 120 of 136 participants (88.2%)
were off medication in the oligoarticular group, and 148 of
237 (62.4%) with a polyarticular course were off medication. Of
the 139 participants who never received any DMARDs during
their disease course, 85.5% received ≥1 intraarticular glucocorti-
coid injections, and the remaining participants received NSAIDs
alone.

Autologous bone marrow transplantation was performed in
1 participant with recalcitrant systemic JIA. Allogeneic transplan-
tation was completed in 1 participant with ERA due to aplastic
anemia during a period of clinical remission of JIA.

Changes in disease status. The median number of active
and cumulative joints at baseline was 3 (range 1–30). At the
8-year follow-up visit, the median number of active joints was
0 (range 0–13), and the median number of cumulative joints

affected was 6 (range 1–41). Similarly, the median numbers of
active and cumulative joints at the 18-year follow-up were 0 (range
0–5) and 7 (range 1–47), respectively.

Of the 151 participants whose disease was in remission off
medication 8 years after disease onset, disease in 32% of partici-
pants did not remain in remission (Table 3). At the 18-year follow-
up, the median duration of remission off medication was 11.5 years
(IQR 6.3–15.5 years) (data not shown).

Overall, data regarding remission status for at least 1 of
the follow-up visits were missing in 147 participants. To estimate
the likely impact of the missing data in these participants on the
results, we made an assumption that all missing data were for
patients who were either in “remission off medication” or “not in
remission” at the 8- and 18-year follow-up visits. If disease in all
participants lost to follow-up was in remission off medication, dis-
ease in 298 of 510 participants (58% [95% CI 54–63%]) at the
8-year follow-up visit and in 302 of 510 participants (59% [95%
CI 55–63%]) at the 18-year follow-up visit would be in remission
off medication. Conversely, if disease in all participants lost to
follow-up was not in remission, the corresponding numbers
would be 30% (95% CI 26–34%) and 30% (95% CI 27–35%) at
the 8-year and 18-year follow-up visits, respectively. Among the
34 participants whose disease was in remission on medication
8 years after onset, disease in the majority of participants (18 of
34 [53%]) was in remission on or off medication at the 18-year
follow-up (RR 0.5, P < 0.02).

Changes in ILAR category. The distribution of patients
among the ILAR categories continued to change throughout the
study period of 18 years (Figure 2). Altogether, 289 of 422 partici-
pants (68.5%) were categorized into the same ILAR category
throughout the study period. From baseline to the 8-year follow-
up, 30 patients (7%) changed ILAR categories; furthermore,

Figure 2. Changes in International League of Associations for Rheumatology category at 3 time points of follow-up in 422 participants with juve-
nile idiopathic arthritis (JIA). sJIA = systemic JIA; RF- = rheumatoid factor negative JIA; RF+ = rheumatoid factor positive JIA; ERA = enthesitis-
related arthritis.
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46 patients (11%) changed categories between the 8- and
18-year follow-up visits. During the study period, there was a sig-
nificant decrease in the combined persistent and extended oli-
goarticular categories and a significant increase in the psoriatic
group (Table 4). Of the 230 participants with oligoarticular disease
at baseline, 84 (36.5%) developed an extended course at the
18-year follow-up (Table 4).

Approximately half of the shifts between ILAR categories
(in 30 of 63 participants [47.6%]) were due to updated informa-
tion on ankylosing spondylitis, psoriasis, or acute anterior uveitis
in a first-degree relative. In the psoriatic group, 22 participants
were added from other ILAR categories during the disease
course, of whom 18 (81.8%) developed psoriasis. In 4 cases,
the reasons for shifts between ILAR categories were a first-
degree relative with psoriasis combined with 1 additional finding,
including nail pitting, onycholysis, or dactylitis. Two patients
changed from the psoriatic category because of new information
of a first-degree relative with ankylosing spondylitis. Among the
29 participants who changed to the undifferentiated group dur-
ing the disease course, 25 (86.2%) were added because of
new information on a first-degree relative with psoriasis or anky-
losing spondylitis, 1 participant developed RF positivity (2 tests
greater than 3 months apart), 2 participants fulfilled both ERA
and juvenile PsA categories, and 1 male participant who later
developed psoriasis was excluded from the juvenile PsA group
because he was HLA–B27 positive (with disease onset after his
6th birthday).

The ERA category also increased during 18-year follow-
up. An additional 12 participants fulfilled the criteria for this
category during disease course due to enthesitis (5), sacroiliitis
(4), a first-degree relative with ankylosing spondylitis (2) or
acute anterior uveitis (1), and 2 participants left the category
(1 participant fulfilled 2 categories and 1 HLA–B27–positive
male participant, with disease onset at 7.2 years, later devel-
oped psoriasis).

DISCUSSION

In this 18-year prospective study in a population-based set-
ting, we found no further improvement of the remission rate from

8 years of disease and frequent change of ILAR categories during

the disease course. Significantly more patients were off medica-

tion after 18 years of follow-up (70%) compared to after 8 years

of follow-up (60%), but the number of patients whose disease

was in remission off medication did not increase (52% versus

51%). The distribution of patients among the ILAR categories, as

defined after 8 years, was not sustained and changed significantly

by 11% during the follow-up period from 8 to 18 years. The oli-

goarticular arthritis category decreased significantly, the psoriatic

arthritis group increased significantly, and there was an increasing

trend for the undifferentiated group. In almost half of the cases

(47.6%), the change was due to heredity of ankylosing spondyli-

tis, psoriasis, or acute anterior uveitis in a first-degree relative.
Few studies have investigated longitudinal drug use in JIA

with a follow-up of >15 years. New treatment options have

changed dramatically since the introduction of biologics and, not

surprisingly, we found an increase in the use of biologics during

the observation period of 18 years. Furthermore, we found an

increased RR of being off any systemic treatment 18 years after

disease onset of 1.3 in participants who were off medication at

the 8-year follow-up. Almost 60% of participants were off all med-

ication after 8 years, which increased to 70% after 18 years. For

comparison, in a single-center study from Norway, Selvaag et al

(18) reported that 56% of their cohort (n = 176) used no systemic

treatment at the 15-year follow-up, which increased to 87% after

30 years of disease duration. In contrast, a Swedish population-

based cohort study by Bertilssson et al (19) found that the 85%

of patients who were off csDMARDs after 5 years (n = 129

patients) decreased to 75% at the 17-year follow-up (n = 86).

Even though these 2 cohorts were collected almost 2 decades

before our cohort (1980–1985), and the treatment strategies have

Table 4. Changes in ILAR category at baseline, 8-year, and 18-year follow-up in participants with JIA (n = 422)*

ILAR category Baseline 8-year follow-up
18-year
follow-up Risk ratio (95% CI) P

Systemic 14 14 14
Oligoarticular 230 218 197 0.9 (0.7–1.0) 0.02†
Persistent 138 113
Extended 80 84

Polyarticular RF
negative

88 81 73 0.8 (0.6–1.1) 0.19

Polyarticular RF
positive

6 6 6

Psoriatic 8 17 28 3.5 (1.6–7.6) <0.00†
Enthesitis-related 31 38 41 1.3 (0.8–2.1) 0.22
Undifferentiated 45 48 63 1.4 (1.0–2.0) 0.06

* Values are the number (%) of patients. Risk ratios and P values are for the International League of Associations for
Rheumatology (ILAR) category at baseline compared to 18-year follow-up. 95% CI = 95% confidence interval;
JIA = juvenile idiopathic arthritis; RF = rheumatoid factor.
† Statistically significant difference between the prevalence at baseline compared to 18-year follow-up.
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changed noticeably since then, the rates of patients off systemic
treatment were comparable to what we found in the present
study (70% of participants after 18 years). This similarity in rates
might indicate that the drugs used improve the sequelae of the
disease but not the disease course by its very nature. A recent ret-
rospective, 6-year follow-up study on 247 patients from 2 Cana-
dian centers demonstrated that 47% were in remission off
medication and 25% were in remission on medication at the last
follow-up (22), which is in line with our findings.

Despite the increased chance of being off medication at
8 and 18 years of disease, the remission rate did not increase
similarly. Given the counterintuitive finding that the remission rate
was stable, but the withdrawal of medication was increased, one
can speculate that some participants neglect mild disease activity
by not taking the medication and thus may not want affiliation with
an outpatient clinic and regular follow-up visits (17). In 2 cases, the
disease activity was unknown uveitis activity found due to partici-
pation in the study. We have previously described that 19% of the
participants in this cohort had >15 minutes of morning stiffness as
the only sign of disease activity.

In 68.5% of cases, there was stability throughout the disease
course from 8 to 18 years after disease onset. Of the 151 patients
whose disease was in remission off medication after 8 years of
disease, disease in 69% was still in remission after 18 years. Sim-
ilarly, the study by Selvaag et al demonstrated that, altogether,
70% of patients had a stable disease course between 15 and
30 years of follow-up (18), and of those whose disease was in
remission while off medication after 15 years, 87% remained in
that category. In contrast, Bertilsson et al (19) described a stable
remission course in 61% of patients between years 5 to 17 of
the disease; however, the authors applied their own definition of
remission as no evidence of active synovitis and/or active extraar-
ticular features and without drugs for ≥2 years, hampering the
means of comparison. Our results suggest that, despite some
continued individual shifts between active disease and remission
in >30% of participants, the overall disease status of the majority
of the cohort remained unchanged between 8 and 18 years. This
means that if an individual’s disease is in remission off medication
8 years after disease onset, this status is likely to persist for the
following 10 years. Likewise, if an individual’s disease is not in
remission after 8 years, the disease is more prone to remain so.

The use of the ILAR criteria for JIA has been an object of
fierce criticism over time (2,23–27), and although the revisions
have addressed some weaknesses, several challenges endure
(2,28). Beyond many concerns about simplification and lack of
validation in large cohorts, there remain inclusion criteria that are
not assessed in clinical practice and exceedingly restrictive exclu-
sion criteria that appear to be too rigid for some categories.
Furthermore, inclusion/exclusion criteria may induce changes in
the distribution of patients among the ILAR categories over time
due to supplementary information regarding heredity or develop-
ment of newly onset rheumatic diseases among first-degree

relatives (4). Evidently, it can be difficult to obtain a reliable history
of HLA–B27–associated disease or psoriasis among relatives
(28), and recorded family history may not be applied repeatedly
and strictly enough to keep it continuously updated, leading to
an inappropriate, unadjusted classification.

Altogether, the aforementioned concerns regarding criteria
strain the credibility of the ILAR classification over time. We found
that information about heredity continued to change over time in
our cohort; hence, the exclusion criteria accounted for almost half
of the changes in ILAR categories. In our study, 32.8% of partici-
pants changed ILAR category during the observation period
and, in comparison, Bertilsson et al (19) observed that 44% of
individuals changed categories during their study’s follow-up of
17 years. Nevertheless, they used the European Alliance of Asso-
ciations for Rheumatology criteria for categorizing juvenile chronic
arthritis, which hampers the means of comparability.

The psoriatic group increased significantly over time, but
2 participants left the category because of ankylosing spondylitis
diagnosed in a first-degree relative. Although not significantly,
the group of undifferentiated JIA increased over time mainly
because of development of psoriasis or ankylosing spondylitis in
a first-degree relative, which is in line with other studies (29–31).
Originally, the undifferentiated category was merely intended to
be a temporary group that would conceivably decrease over time
(24,26,28); however, this decrease was not confirmed in our
study, and this category, by virtue of its lack of homogeneity, is
most likely to be unsuitable for research. Our findings support
the idea to withdraw, or at least modify, the exclusion criteria in
the new data-driven classification criteria proposed by the Pediat-
ric Rheumatology International Trials Organization (26), to ensure
more pristine and homogeneous entities.

Several strengths of this study must be emphasized. To our
knowledge, this is the only long-term, multicenter, population-
based cohort study to include ongoing disease activity with a
follow-up of >15 years using the ILAR classification of JIA. The
proportion of participants who were lost to follow-up is accept-
able, with reliable data on 83.7% of the cohort. The use of vali-
dated definitions of disease activity and ILAR classification
facilitate comparison with other studies.

A limitation of the present study is that the inclusion period
was at the very beginning of the introduction of biologic medi-
cines, which might impede comparison with outcome studies of
today. The small sample size in some categories limit the conclu-
sions to be drawn. Additionally, 137 participants did not attend
≥1 follow-up visits, which might bias the results. The distribution
of the ILAR categories among the missing and the included par-
ticipants were similar except for the polyarticular RF+ category;
however, caution must be applied when interpreting the changes
in ILAR category over time due to missing data. Regarding remis-
sion off medication, we calculated the sensitivity of the worst and
the best scenario. One could speculate that the participants with
a disease no longer playing a prominent part of their daily lives
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are more prone not to attend a follow-up visit, which may skew
the outcomes in a more severe direction.

In summary, in this population-based setting significantly
more patients were off medication at the 18-year follow-up com-
pared to 8 years after disease onset; however, the number of
patients whose disease was in remission off medication had not
increased. The ILAR categories as defined at baseline were not
sustained but changed significantly even beyond 8 years after
disease onset.
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B R I E F R E P O R T

Epidemiology of Childhood-Onset Systemic Lupus
Erythematosus: A Population-Based Study

Maria O. Valenzuela-Almada,1 Mehmet Hocaoglu,2 Jesse Y. Dabit,1 Shirley-Ann Osei-Onomah,1

Matthew L. Basiaga,1 Amir B. Orandi,1 Rachel E. Giblon,1 Kamil E. Barbour,3

Cynthia S. Crowson,1 and Alí Duarte-García1

Objective. To characterize the incidence and prevalence of childhood-onset systemic lupus erythematosus (SLE),
and to estimate the proportion of patients who are diagnosed with SLE during childhood.

Methods. A cohort of patients with incident childhood-onset SLE from 1976 to 2018 from an 8-county region in the
US were identified based on comprehensive medical record review. All patients met the European Alliance of Associa-
tions for Rheumatology (EULAR)/American College of Rheumatology (ACR) classification criteria for SLE or the ACR
SLE classification criteria from 1997 at or before age 18 years. Incidence rates were estimated using Poisson methods.
We estimated the childhood-onset SLE point prevalence for January 1, 2015. Results were sex and age adjusted to the
US 2000 population. Among all the SLE patients living in the 8-county region on January 1, 2015, the proportion of
patients diagnosed at ≤18 years was estimated.

Results. A total of 13 children were diagnosed with childhood-onset SLE during the study period (using the EULAR/
ACR definition; mean age at diagnosis 15.1 years, 85% female, 69% White). Childhood-onset SLE overall adjusted
incidence rate was 0.7 (95% confidence interval [95% CI] 0.2–1.1) per 100,000 children. The incidence rate in girls
was 1.2 (95% CI 0.5–1.9) per 100,000 children, while in boys it was 0.2 (95% CI 0.0–0.5) per 100,000. The adjusted
prevalence of childhood-onset SLE was 1.1 (95% CI 0.0–3.1) per 100,000 children. The proportion of patients with
SLE diagnosed as children was 9% (95% CI 6–13%).

Conclusion. In this population-based study, both the incidence and prevalence rates of childhood-onset SLE
were ~1 per 100,000 children. One in 10 adults with SLE was diagnosed in childhood. More studies are needed to
further characterize the epidemiology of childhood-onset SLE in minorities.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic systemic

autoimmune disease that causes significant morbidity and

mortality. Although adults are more commonly affected, higher

burden of disease and a different disease expression with a

more aggressive course have been observed in patients with

childhood-onset systemic lupus erythematosus (SLE) (1). In

youth, quality of life is particularly affected (2). It is estimated

that the 5-year survival rate for patients with childhood-onset

SLE is 94–100%; however, the 10-year survival rate drops to

81–92% (3,4). Additionally, childhood-onset SLE has been

shown to be a strong predictor of mortality in adults with

SLE (1).
Despite the impact that this disease has in children and ado-

lescents, the epidemiology of childhood-onset SLE has not been
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well characterized. Prior studies from the US have reported an

incidence of SLE in the range of 0.4–2.2 per 100,000 children

(5,6) and a prevalence of 9.73–24 per 100,000 children (6,7).

Studies from different parts of the world have reported an inci-

dence of 0.28–0.9 per 100,000 children and a prevalence of

3.3–8.8 per 100,000 children (1).
Similar to other pediatric diseases, there is no consensus on the

cutoff age to differentiate childhood SLE from adult SLE. Moreover,
all previous studies have been either clinic- or reference–center-
based (which can suffer from referral [Berkson’s] bias, and thus miss
milder cases), used International Classification of Diseases (ICD)
codes for case definition (which may introduce misclassification
bias), and estimated period prevalence rather than point prevalence
(which may result in overestimation) (8–10). Additionally, it is com-
monly reported across the literature that the proportion of patients
with SLE diagnosed in childhood is between 10% and 20%; how-
ever, these data are not backed by any published epidemiologic
study (1).

Given the lack of population-based studies evaluating
childhood-onset SLE epidemiology, we aimed to characterize
the incidence (from 1976 to 2018) and the prevalence of
childhood-onset SLE and to estimate the proportion of patients
who are diagnosed with SLE during childhood leveraging the
resources of a record-linkage system, which minimizes misclassi-
fication and misdiagnosis. In addition, we used the novel and rig-
orously developed European League Against Rheumatism/
American College of Rheumatology (EULAR/ACR) SLE classifica-
tion criteria (11), which classify more patients in epidemiologic
studies compared to older criteria (12).

PATIENTS AND METHODS

Study design. The Lupus Midwest Network (LUMEN) is a
population-based registry of a 27-county region in southeast
Minnesota and southwest Wisconsin nested in the Rochester
Epidemiology Project (REP), a record-linkage system. The REP
included patients from Olmsted County, Minnesota since 1966,

and in 2010, it was expanded to 26 additional counties. Eight
counties (Olmsted, Mower, Freeborn, Waseca, Steele, Dodge,
Wabasha, and Goodhue) with a >95% capture of the census pop-
ulation were used for this study. According to US Census data,
Olmsted County, the county included in the REP for the longest
period of time, had a population of 92,006 in 1980, 29.5% being
<18 years of age, and 98% White. In 2010, the population was
144,248, with 25.3% being <18 years of age. The ethnic distribu-
tion in 2010 was 85.7%White, 4.2%Hispanic, 4.8% African Amer-
ican, 5.5% Asian/Native Hawaiian/Pacific Islander, and 0.2%
American Indian/Alaska Native (13). Data from all patients meeting
EULAR/ACR criteria for SLE from 1976 to 2018 living within these
8 counties in Minnesota were collected. The EULAR/ACR criteria
were selected as the primary definition due to their better perfor-
mance classifying patients in epidemiologic studies than the other
commonly used SLE classification criteria (12). The ACR criteria
from 1997 (ACR 97) were used as a secondary definition for com-
parison purposes (14). The REP allows for an adequate investiga-
tion of the epidemiology of childhood-onset SLE because
comprehensive medical records for all residents seeking medical
care are available. The REP provides ready access to the medical
records from all health care providers (including pediatric care pro-
viders, both primary care and subspecialty care) for the local popu-
lation, including the Mayo Clinic, the Olmsted Medical Center, and
their affiliated hospitals, local nursing homes, and a few private
practitioners. This system ensures virtually complete ascertainment
of all clinically recognized cases of SLE of children living in the
8 counties. The characteristics and strengths of the REP, as well
as its generalizability, have been described elsewhere (15).

Case finding and ascertainment. Potential childhood-
onset SLE cases were identified through 2 different strategies: 1)
Hospital International Classification of Disease Adaptation,
ICD-9, and ICD-10 codes for SLE, cutaneous lupus erythemato-
sus, and other associated diseases, and 2) laboratory measures
associated with SLE (antinuclear antibodies [≥1:80]), low comple-
ment, anti–double-stranded DNA, anti-Sm, lupus anticoagulant
anticardiolipin (IgG, IgM, and IgA), and anti–β2-glycoprotein I
(IgG, IgM, and IgA) antibodies (see Supplementary Table 1, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24827/abstract). Then,
individual chart reviews were performed, and data were
abstracted by extensively trained reviewers. Data extraction was
done using a standardized REDCap data capture tool.
Demographic characteristics and clinical and laboratory data
included in the classification criteria were abstracted from the
electronic medical record and/or paper records. Patients meeting
the EULAR/ACR or ACR 97 classification criteria who were
≤18 years of age at the time of diagnosis and living in 1 of the 8
counties prior to the earliest date of criteria fulfillment were
considered as having incident SLE. The date of criteria fulfillment
was considered the incidence date. We considered prevalent

SIGNIFICANCE & INNOVATIONS
• This is the first population-based study investigating

the epidemiology of childhood systemic lupus ery-
thematosus using the European Alliance of Associa-
tions for Rheumatology/American College of
Rheumatology classification criteria for case
ascertainment.

• Incidence and prevalence rates of childhood-onset
systemic lupus erythematosus were 0.7 (95% confi-
dence interval [95% CI] 0.2–1.1) and 1.1 (95% CI
0.0–3.1) per 100,000 children, respectively.

• The proportion of SLE patients diagnosed as chil-
dren (≤18 years) was 9%.
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SLE patients those who were age ≤18 years on January
1, 2015, and who met the EULAR/ACR classification criteria, or
if they migrated to the region after diagnosis (and therefore were
under treatment) if they had 7 EULAR/ACR points and a physi-
cian diagnosis. For the ACR 97 criteria, a patient was considered
as having prevalent SLE if he or she fulfilled at least 3 criteria and
had a physician diagnosis. If a clinical manifestation was better
explained by something other than SLE, it was not considered
for the criteria. A rheumatologist with expertise in SLE (AD)
reviewed all the cases that were classified to confirm the attribu-
tion of clinical manifestation to SLE.

Statistical analysis. Descriptive statistics (percentages,
means, etc.) were used to summarize the demographic char-
acteristics. Fisher’s exact test was used to assess differences
across categorical variables; mean differences in continuous
variables were evaluated using the Kruskal-Wallis exact test.
Incidence rates were calculated using the number of incident
cases as the numerator and population counts for residents
age ≤18 years from the REP census as the denominator (16).

Overall incidence rates were age adjusted and/or age and sex
adjusted to the US total population in 2000 (17). In order to
compute 95% confidence intervals (95% CIs) for incidence
rates, it was assumed that the number of incident cases fol-
lowed a Poisson distribution. The prevalence of childhood-
onset SLE on January 1, 2015, was calculated in those patients
age ≤18 years living within 8 counties in Minnesota. Among all
the SLE patients living in the 8-county region on January
1, 2015, the proportion of patients diagnosed at ≤18 years of
age was obtained. Statistical analyses were performed using
SAS, version 9.4. This study was approved by institutional
review boards of the Mayo Clinic (IRB 20-006485) and Olmsted
Medical Centre (IRB 036-OMC-20).

RESULTS

Thirteen patients ≤18 years of age, living in the 8-county
region fulfilled the EULAR/ACR criteria for childhood-onset SLE
during the study period (11 [85%] girls and 2 [15%] boys. Eleven
cases were classified by the ACR 97 criteria, and all of them were

Table 1. Demographic characteristics of 13 patients with incident childhood systemic lupus erythematosus*

Characteristic

Olmsted county,
1976–2009

(n = 8)

8 counties,
2010–2018
(n = 5)† Total (n = 13) P‡

Age, mean � SD years 15.3 � 2.72 14.9 � 4.84 15.1 � 3.49 0.66
Sex, female 7 (88) 4 (80) 11 (85) 1.0
Race/ethnicity§ 0.32
Asian 3 (38) 0 (0) 3 (23)
Black 0 (0) 1 (20) 1 (8)
White 5 (63) 4 (80) 9 (69)

* Values are the number (%) unless indicated otherwise.
† Eight counties were included because the Rochester Epidemiology Project captured >95% of their population:
Olmsted, Mower, Freeborn, Waseca, Steele, Dodge, Wabasha, Goodhue, and Minnesota.
‡ Differences between proportions among Olmsted County (1976–2009) versus the 8-county region (2010–2018)
were evaluated using Fisher’s exact test, and mean differences were evaluated using Kruskal-Wallis exact test.
§ There were no Hispanic patients.

Table 2. Incidence rates for 1976–2018 and point prevalence rates on January 1, 2015, of childhood systemic
lupus erythematosus*

EULAR/ACR criteria
ACR 97 criteria,

overall
(1976–2018)

Olmsted county
(1976–2009)

8 counties
(2010–2018)

Overall
(1976–2018)

Incidence rate per 100,000
children (95% CI)

Total 0.7 (0.2–1.2) 0.6 (0.1–1.2) 0.7 (0.2–1.1) 0.59 (0.24–0.94)
Female 1.3 (0.3–2.3) 1.0 (0.0–2.1) 1.2 (0.5–1.9) 0.98 (0.34–1.63)
Male 0.2 (0.0–0.5) 0.3 (0.0–0.8) 0.2 (0.0–0.5) 0.21 (0.0–0.51)

Prevalence per 100,000
children (95% CI)†

Total – – 1.1 (0.0–3.1) 1.1 (0.0–3.1)
Female – – 2.2 (0.0–6.4) 2.2 (0.0–6.4)
Male – – 0.0 (0.0–0.0) 0.0 (0.0–0.0)

* Sex-specific rates are age adjusted, and total rates are age and sex adjusted to the US total 2000 population. 95%
CI = 95% confidence interval; ACR = American College of Rheumatology; EULAR = European Alliance of Associations
for Rheumatology.
† January 1, 2015.
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also classified by the EULAR/ACR criteria. The female to male
ratio was 5.5:1. The mean age at diagnosis was 15.1 years, and
the majority (69%) were non-Hispanic White; there were no His-
panic children with SLE in this population. Only 1 child was diag-
nosed before age 10 years (Table 1).

The childhood-onset SLE overall incidence rate was 0.7
(95% CI 0.2–1.1) per 100,000 children. The incidence rate in girls
was 1.2 (95% CI 0.5–1.9) per 100,000 children, while in boys it
was 0.2 (95% CI 0.0–0.5) per 100,000 children. The prevalence
of childhood-onset SLE was 1.1 (95% CI 0.0–3.1) per 100,000
children. When subdivided between the 2 time periods, from
1976 to 2009 (only Olmsted county) and from 2009 to 2018
(8 counties), the incidence rates were similar. The incidence using
the ACR 97 definition was lower, with an overall incidence of 0.59
(95% CI 0.24–0.94) (Table 2).

We found only 1 prevalent case of childhood-onset SLE
meeting both the EULAR/ACR and ACR 97 criteria on January
1, 2015; the estimated prevalence was 1.1 (95% CI 0.0–3.1) per
100,000 children. A total of 251 patients with SLE lived in
1 of the 8 counties on January 1, 2015, and 23 (9% [95% CI
6–13]) were diagnosed as children (≤18 years).

The most common clinical manifestations at the time of clas-
sification fulfillment were arthritis/synovitis, leukopenia (31%
each), and thrombocytopenia and nephritis (23% each). None of
the patients had neurologic manifestations. All the patients were
antinuclear antibody positive; 92% were either positive for anti–
double-stranded DNA or anti-Sm antibodies, and 85% had hypo-
complementemia (see Supplementary Table 2, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24827/abstract).

DISCUSSION

In this population-based study, we found that the inci-
dence and prevalence of childhood-onset SLE using the
EULAR/ACR criteria were 0.7 and 1.1 per 100,000 children,
respectively. The incidence using the ACR 97 definition was
slightly lower at 0.6 per 100,000 children, while the prevalence
was unchanged. In addition, we estimated that of all patients
meeting criteria for SLE in the 8-county population, 9% were
diagnosed in childhood. Two prior studies in the US have esti-
mated the incidence of childhood-onset SLE. The first one
was based on pediatric referral centers in the New England
region of the US; the childhood-onset SLE incidence rate was
0.4 per 100,000 children, which was similar to the estimate
from our study (5). While the second study, by Hiraki et al,
observed an annual incidence of childhood-onset SLE of 2.2
per 100,000 children using data from Medicaid-enrolled US
children 3–18 years of age (6). Although it is difficult to compare
the studies because the present study is population based and
the others were not, and because the case ascertainment and

definitions were done differently, it is possible that the New
England study, by including all the pediatric rheumatology
clinics, was able to identify most or all of the childhood-onset
SLE cases in the population. The Medicaid study, however,
had an incidence rate twice as high. The relatively higher inci-
dence rate in that study could be attributed to the unique char-
acteristics of the population that is covered under Medicaid,
such as the higher proportion of minorities, in addition to differ-
ences in case definition and case ascertainment. While in our
study all the cases were verified by thorough chart reviews
and access to all the medical records, the Medicaid study used
an administrative database, with an ICD code–based rule that
has been demonstrated to have positive predictive value of
75% (8), which could explain the higher rates.

We estimated a childhood-onset SLE prevalence of 1.1 per
100,000 children. In comparison, 2 studies in the US have shown

higher prevalence estimates. A prevalence of 9.73 per 100,000

was seen in the Medicaid claims–based study in the US, although

they reported a lower prevalence of childhood-onset SLE (8.03)

in the US Midwest when compared to the rest of the country (6).

An even higher prevalence of 24.0 per 100,000 children was

reported in a clinic-based study in Hawaii (7). There are notable

differences in the way prevalence was estimated in these studies

in addition to ascertainment differences and case definitions (ICD

code based, etc.). Our study used a point prevalence on January

1, 2015, while the Medicaid study used a 4-year period preva-

lence, and the Hawaii study used a 10-year period prevalence.

Period prevalence has been shown to produce estimates that

are many times higher than point prevalence estimates (10). The

low prevalence in our study, relative to our incidence rate, is

explained by the fact that children grow to adulthood, and thus

were not counted in the study population. The mean age of diag-

nosis in our study was 15 years; therefore, most of the children

identified in the study were adults by the time of the point preva-

lence estimation. More than 40% of the children included in the

Medicaid study were age ≥15 years, thus reaching adulthood

during the period when prevalence was calculated. Similarly, the

Hawaii study prevalence period was 10 years; therefore, many

children grew to adulthood in the time included in the prevalence

estimate.
Finally, we found that 9% of patients with SLE are diagnosed

during childhood. It is commonly reported in the literature that
10–20% of patients with SLE are diagnosed in childhood;
however, there are no population-based epidemiologic studies
supporting these estimates (1).

Our study does have limitations. First, the small size of our
population could decrease the accuracy of our estimates.
Second, the retrospective nature of data collection through
review of medical records could potentially lead to missing infor-
mation or misclassification and under-ascertainment of cases,
as it depended on the documentation and the workup
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completeness of the treating clinicians. Third, the number of undi-
agnosed patients in the community who have not yet been seen
and evaluated appropriately for the disease could lead to under-
estimation of our estimates. And fourth, because our population
is mostly non-Hispanic White, our results may not be generaliz-
able to other populations. However, the study also has strengths.
We had a >95% capture of the census population of the
8 counties included, minimizing the likelihood of underestimating
childhood-onset SLE incidence and prevalence. Having access
to all the medical records and laboratory findings from multiple
health care facilities through the REP and performing a thorough
review and abstraction allowed us to decrease misclassification
of patients and missing data. Additionally, in having identified all
the clinically detected cases of childhood-onset SLE in the com-
munity, we minimized referral bias.

In conclusion, in this population-based study, the incidence
and prevalence rates of childhood-onset SLE and the proportion
of patients diagnosed with SLE during childhood were lower than
has been reported previously in the US. Moreover, this informa-
tion could potentially aid in the appropriate allocation of resources
for early diagnosis and management of the disease. Nevertheless,
given the differences of childhood-onset SLE across racial and
ethnic groups, it is important to conduct further population-based
studies in diverse populations.
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Medication Interruptions and Subsequent Disease Flares
During the COVID-19 Pandemic: A Longitudinal Online
Study of Patients With Rheumatic Disease

Tiffany Dharia,1 Shilpa Venkatachalam,2 Joshua F. Baker,1 Shubhasree Banerjee,1 David Curtis,2

Maria I. Danila,3 Kelly Gavigan,2 Jennifer Gordon,4 Peter A. Merkel,1 Dianne G. Shaw,5 Kalen Young,5

Jeffrey R. Curtis,3 William B. Nowell,2 and Michael D. George1

Objective. We aimed to assess trends in anxiety and interruptions in disease-modifying antirheumatic drug
(DMARD) use among patients with rheumatic diseases during the COVID-19 pandemic and to evaluate whether
DMARD interruptions were associated with disease flares.

Methods. ArthritisPower, the Vasculitis Patient-Powered Research Network, and other patient organizations
invited members to join a 52-week longitudinal study, with baseline surveys completedMarch 29 to June 30, 2020, with
follow-up through May 2021. Logistic regression incorporating generalized estimating equations evaluated associa-
tions between interruptions in DMARD use and self-reported disease flares at the next survey, adjusting for demo-
graphic characteristics, medications, disease, and calendar time.

Results. Among 2,424 patients completing a median of 5 follow-up surveys, the mean age was 57 years, 87%were
female, and the most common conditions were rheumatoid arthritis, vasculitis, and psoriatic arthritis. Average Patient-
Reported Outcomes Measurement Information System (PROMIS) anxiety T scores decreased from April 2020 (58.7) to
May 2021 (53.7) (P < 0.001 for trend). Interruptions in DMARD use decreased from April (11.2%) to December 2020
(7.5%) (P < 0.001) but increased through May 2021 (14.0%) (P < 0.001). Interruptions in DMARD use were associated
with a significant increase in severe flares (rated ≥6 of 10) at the next survey (12.9% versus 8.0% [odds ratio
(OR) 1.71 (95% confidence interval [95% CI 1.23, 2.36]) although not any flare (OR 1.18 [95% CI 0.89, 1.58])].

Conclusion. Anxiety and interruptions in DMARD use initially decreased over time, but DMARD interruptions
increased during 2021, possibly related to an increase in COVID-19 cases or vaccine availability. Interruptions in
DMARD use were associated with increased rates of severe disease flares, highlighting the importance of avoiding
unnecessary DMARD interruptions.

INTRODUCTION

SARS–CoV-2, a novel coronavirus, is a highly pathogenic virus

that causes COVID-19 and rapidly led to a global pandemic (1).

The COVID-19 pandemic has been a particular concern for

patients with autoimmune rheumatic diseases (ARDs), who are

known to be at a higher risk for infections due to their autoimmune

conditions, comorbidities, and use of immunosuppressive

therapies (2–4). Despite ongoing research, the risk of severe

COVID-19 due to use of different immunosuppressive therapies
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remains uncertain (5–9). The impact of immunosuppressive thera-

pies on vaccination response has also emerged as a concern for

patients with ARDs (10). There is an urgent need to determine

how patient care has been affected by the pandemic to better

understand barriers to effective care during this and future public

health crises.
Prior studies have shown that patients with ARDs had fre-

quent health care disruptions and interruptions in the use of their
disease-modifying antirheumatic drugs (DMARDs) early in the
COVID-19 pandemic (11,12). Little is known, however, about
how these disruptions affected patient health or how patient con-
cerns and behaviors changed over time. The goals of this study
were to use longitudinal data contributed by an online sample of
patients to examine trends in anxiety, as a proxy for mental health,
and interruptions in DMARD use throughout the pandemic and to
evaluate whether interruptions in DMARD use were associated
with disease flares.

PATIENTS AND METHODS

Study population. Adults >18 years of age in the Arthritis-
Power and vasculitis patient-powered research networks (PPRNs),
the CreakyJoints patient community, and partnering patient organi-
zations were sent email invitations. The ArthritisPower PPRN
(13,14) is a patient-led online registry of patients with inflammatory
arthritis and other rheumatic conditions created as a joint venture of
the patients and patient advocates of the Global Healthy Living
Foundation, the CreakyJoints patient community, and researchers
at the University of Alabama at Birmingham. The Vasculitis PPRN, a
collaboration between the Vasculitis Clinical Research Consortium
and the Vasculitis Foundation, is an online research registry utilizing
patient-reported data. Participants of partnering patient organiza-
tions (the Vasculitis Foundation, the Relapsing Polychondritis
Foundation, American Bone Health, the Lupus and Allied Diseases
Association, Myositis Support and Understanding Association, and
the International Foundation for Autoimmune and Autoinflammatory

Arthritis) were directed to a landing page (https://autoimmunecovid.
org). Patients were invited to complete a survey at baseline (week
0), weeks 2, 4, 6, and 8, monthly until week 28, and then at weeks
38 and 52 (for a maximum of 11 follow-up surveys) (see Covid regis-
try surveys in Supplementary Appendix A, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24837/abstract). We analyzed patients with ARDs
who completed baseline surveys between March 29 and June
30, 2020, and who completed at least 1 follow-up survey, with
follow-up captured through May 2021.

Data collection. At baseline, patients were asked to report
demographic data, including country, city, and zip code, as well
as rheumatologic conditions, comorbidities, and medications
used to treat their ARD. For participants indicating multiple rheu-
matologic conditions, a hierarchical approach was taken. Patients
from the ArthritisPower PPRN and CreakyJoints were classified
as having systemic lupus erythematosus (SLE) > psoriatic arthritis
(PsA) > ankylosing spondylitis (AS) > rheumatoid arthritis (RA)
> vasculitis > myositis, similarly to prior studies (15,16). Patients
in the Vasculitis PPRN were thought to be more likely to have vas-
culitis as a primary diagnosis and so were preferentially catego-
rized as having vasculitis. Patients were considered to have
antineutrophil cytoplasmic antibody–associated vasculitis if they
reported diagnoses of eosinophilic granulomatosis with polyangii-
tis, granulomatosis with polyangiitis, or microscopic polyangiitis or
were otherwise characterized as having “other vasculitis.”

County rural versus urban status was defined using National
Center for Health Statistics classification (17). Zip code–based
median household income and education from the 5-year esti-
mates of the American Community Survey 2014–2018 were also
divided into tertiles (18).

At baseline and at each follow-up survey, patients reported
respiratory illnesses within the prior 2 weeks, any COVID-19 test-
ing/diagnosis since the prior survey, use and availability of tele-
medicine, current DMARD use, interruptions in DMARD use
because of COVID-19 concerns (“Have you stopped or tempo-
rarily paused any of your medications for your rheumatic/
autoimmune disease because of concerns about coronavirus/
COVID-19?”), and anxiety in the prior week using the 4-question
Patient-Reported Outcomes Measurement Information System
(PROMIS) anxiety short form. PROMIS anxiety responses were
converted to T scores, where a score of 50 represents the general
population mean with a 10-point SD (19). In addition, at each
follow-up visit, patients reported whether they were currently
experiencing a flare of their autoimmune condition and, if so,
how severe the flare had been the prior week on a scale ranging
from 0 (no flare) to 10 (extremely bad). As agreement between
physicians and patients on the presence of flare is associated with
greater patient-reported flare severity (20), we a priori created a
definition of “severe flare” defined as a severity ≥6 of 10 based
on the distribution of flare severities observed, hypothesizing that

SIGNIFICANCE & INNOVATIONS
• Among patients with autoimmune rheumatic disease,

concerns regarding interruptions in disease-modifying
antirheumatic drug (DMARD) use because of
COVID-19 declined by >30%, and anxiety scores
improved by December 2020.

• Between December 2020 and May 2021, interrup-
tions in DMARD use increased by >80% despite con-
tinued improvements in anxiety, perhaps related to
concerns about vaccine efficacy.

• Patients who reported interruptions in DMARD use
had higher rates of self-reported severe disease
flares on subsequent surveys, demonstrating the
importance of avoiding unnecessary medication
interruptions.
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these severe flares would be more likely to represent true inflam-
matory disease flares.

Statistical analysis. Characteristics of patients who
completed at least 1 follow-up survey versus those who

completed only the baseline survey were compared descrip-
tively. Among patients with ≥1 follow-up survey, changes over
time in PROMIS anxiety T scores were assessed using general-
ized estimating equation (GEE) models to account for within-
person correlations, with PROMIS anxiety scores as the

Table 1. Baseline characteristics of study participants*

Characteristic

Completed ≥1
follow-up survey

(n = 2,424)
Baseline survey only

(n = 619)

Age, mean � SD years 56.8 � 12.0 52.6 � 12.6
Female 2,098 (86.6) 534 (86.3)
Hispanic 612 (4.0) 35 (5.6)
Race

White 2,200 (90.8) 531 (85.8)
Black 57 (2.4) 21 (3.4)
Asian 23 (1.0) 11 (1.8)
Other/multiracial 144 (5.9) 56 (9.1)

Autoimmune disease
Rheumatoid arthritis 1,012 (41.8) 232 (37.5)
ANCA-associated vasculitis 359 (14.8) 82 (13.3)
Psoriatic arthritis 300 (12.4) 89 (14.4)
Ankylosing spondylitis 183 (7.6) 46 (7.4)
Other vasculitis 176 (7.3) 62 (10.0)
Lupus 123 (5.1) 37 (6.0)
Myositis 61 (2.5) 14 (2.3)
Other† 210 (8.7) 57 (9.2)

Patient organization
ArthritisPower 1,162 (47.9) 363 (58.6)
Vasculitis PPRN 521 (21.5) 142 (22.9)
CreakyJoints 567 (23.4) 90 (14.5)
Partnering patient organizations 174 (7.2) 24 (3.9)

Rural residence 276 (12.6) 78 (13.7)
Region

South 844 (37.0) 220 (37.2)
West 545 (23.9) 138 (23.3)
Midwest 492 (21.6) 136 (22.97)
Northeast 401 (17.6) 98 (16.6)

Medications
Biologic/JAK inhibitor 1,274 (52.6) 300 (48.5)
Methotrexate 727 (30.0) 161 (26.0)
Hydroxychloroquine 518 (21.4) 121 (19.6)
Glucocorticoids <10 mg/day 581 (24.0) 155 (25.0)
Glucocorticoids ≥10 mg/day 112 (4.6) 41 (6.6)

Illness reported at baseline
No respiratory illness 2,160 (89.1) 520 (84.0)
Respiratory illness without COVID-19 diagnosis 239 (9.9) 92 (14.9)
COVID-19 diagnosis 25 (1.0) 7 (1.1)

PROMIS anxiety, T score‡ 58.9 (8.6) 60.1 (8.5)
Health-related behaviors (baseline visit)

Avoided an office visit 1,430 (59.0) 380 (61.4)
Avoided getting laboratory tests 1,015 (41.9) 293 (47.3)
Avoided getting an infusion 322 (13.3) 94 (15.2)
Interrupted use of a DMARD because of
COVID-19 concerns, no./total no. (%)§

191/1,748 (10.9) 75/405 (18.5)

Any flare during follow-up 1,414 (58.3) NA

* Values are the number (%) unless indicated otherwise. ANCA = antineutrophil cytoplasmic antibody;
DMARDs = disease-modifying antirheumatic drugs; NA = not applicable; PPRN = patient-powered research network;
PROMIS = Patient-Reported Outcomes Measurement Information System.
† “Other” includes patients with other autoimmune conditions (most commonly inflammatory bowel disease, Sjögren’s
syndrome, or psoriasis) or patients who reported a non-listed autoimmune condition.
‡ From the PROMIS anxiety short form, with a range of 1–100 and a mean � SD US adult population of 50 � 10.
§ Interruptions in the use of a DMARD among patients receiving DMARDs who did not report a respiratory illness.
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dependent variable, and month (as a categorical variable) as the
independent variable, adjusting for baseline PROMIS anxiety
scores. Marginal predictions of scores by month were used to
create graphical representations of trends. Similar GEE logit
models were used to assess trends in interruptions in DMARD
use over time (among patients receiving a DMARD who did not
report a respiratory illness or COVID-19 diagnosis) and the
cumulative use of telemedicine. For these models, DMARD
interruption or use of telemedicine (at the current or any prior
survey) were the dependent variables, and month (categorical)
was the independent variable. Statistical evaluations of trends
over time were assessed by modeling month as a continuous
variable, using a linear spline with a knot at December 2020 for
interruptions in DMARD use because of changes in trends visu-
alized at this time point. Differences in use of telemedicine by
region or by rural status over time were assessed in models
including month and either region or rural status, with differ-
ences in rates over time assessed with models that included
region, month (continuous), and month–region interaction
terms. Differences in reasons for interruptions in DMARD use
between 2020 and 2021 were compared with chi-square or
Fisher’s exact testing.

To evaluate whether interruptions in DMARD use were
associated with disease flares, we examined patients who were
receiving a DMARD, not currently in a flare, and not reporting a
current respiratory illnesses or diagnosis of COVID-19. Among
this population, we examined whether the DMARD interruptions
were associated with the frequency of self-reported flares of any
severity or severe flares (severity ≥6 of 10) at the next survey
using GEE models with a logit link, adjusting for age, sex, race
(White versus non-White), medication type, disease type, and
calendar time (see Supplementary Figure 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24837/abstract). Marginal predictions
were used to estimate flare rates in patients who interrupted ver-
sus those who had not interrupted DMARDs at the mean of all
covariates in the model.

In sensitivity analyses, we evaluated associations between
interruptions in DMARD use and flares only among patients with
RA, PsA, AS, or SLE, adjusted for season instead of calendar
time, and repeated analyses among patients with at least
6 months of follow-up. Analyses were performed using Stata, ver-
sion 15.1. All patients provided informed consent and partici-
pated without compensation. The study protocol was approved
by the Advarra institutional review board.

RESULTS

Between April and June 2020, 45,977 patients opened
emails with information about the study, 6,065 (13.2%)
opened a link to the study, and a total of 3,338 (55.0%) of
these patients completed the baseline survey. Among these

patients, 295 did not report having an autoimmune disease
and were excluded from analysis. Of the remaining 3,043
patients, 2,424 completed at least 1 follow-up survey
(a median of 5 follow-up surveys completed [interquartile
range (IQR) 2–8]) and are included in this analysis. The mean
age was 57 years (range 18–93), 87% were female, and the
most common ARDs were RA, vasculitis, and PsA (Table 1).
At baseline, 53% of patients were taking biologics or JAK
inhibitors, 30% were taking methotrexate, and 29% were tak-
ing glucocorticoids.

Longitudinal trends in anxiety, telemedicine use,
and interruptions in DMARD use. Average PROMIS anxiety
T scores decreased significantly from 58.7 in April 2020 to 53.7
in May 2021 (P < 0.001 for trend) (Figure 1). Anxiety was greater
in patients who reported avoiding a doctor’s office visit on their
baseline survey (coefficient 3.2 [95% confidence interval (95%
CI) 2.6, 3.9], P < 0.001), with no differences among patients
who reported versus who did not report use of telemedicine (coef-
ficient –0.2 [95% CI –0.5, 0.1], P = 0.17).

On the baseline survey, 42% of patients reported com-
pleting a telemedicine visit. Over time, the proportion of
patients reporting ever using telemedicine increased to >80%
of patients from all US regions by May 2021 (Figure 2). The Mid-
western and Southern US showed lower telemedicine usage
overall compared to the West (both P < 0.01), and increases
in telemedicine over time were slower in the Midwest
(P < 0.001), South (P < 0.01), and Northeast (P = 0.04) versus
the West. Rural areas were also associated with lower telemed-
icine use (P < 0.001). Rates of telemedicine visits did not vary
significantly by tertiles of household income or education (data
not shown).

Figure 1. Changes in anxiety over time. Results were graphed
using predictions from a generalized estimating equation model
adjusted for baseline anxiety. There was a significant reduction in
scores over time (P < 0.001 for trend; mean � SD US adult popula-
tion 50 � 10). PROMIS = Patient-Reported Outcomes Measurement
Information System. Diamonds represent predictions at each month.
Bars show the 95% confidence intervals.
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Among patients who were not currently reporting a respira-
tory illness, who had not been diagnosed with COVID-19, and
who were taking a DMARD, 191 of 1,748 (10.9%) reported stop-
ping a DMARD at baseline because of concerns regarding
COVID-19. Baseline rates of discontinuation of a DMARD were
higher (75 of 405 [18.5%]) among patients who did not complete
follow-up surveys than among those who had at least 1 additional
response (Table 1). Interruptions in DMARD use decreased signif-
icantly from April (11.3%) to December 2020 (7.5%) (P < 0.001
for trend) but increased from December through May 2021
(14.0%) (P < 0.001 for trend) (Figure 3). Discontinuation of a
biologic/JAK inhibitor DMARD demonstrated a similar trend,
decreasing from April (10.7%) to December (4.8%)
(P < 0.001), and then increasing through May 2021 (12.2%)
(P < 0.001) (see Supplementary Figure 2, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24837/abstract). A minority of these
interruptions in DMARD use was reported to have been recom-
mended by a physician: 214 of 864 (25%) in 2020 versus 53 of
147 (36%) in 2021 (P < 0.01). Patients were more likely to
report worry about getting sick as a reason for stopping in
2020 versus 2021 (59% versus 28%; P < 0.001) and were less
likely to give their reason as “other” (16% versus 31%;
P < 0.001) (see Supplementary Table 1, available on the Arthri-

tis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24837/abstract). Interruptions in DMARD use
were more common in those with higher anxiety, occurring in
10.6% with PROMIS anxiety T score ≥60 versus 8.4% with
PROMIS score <60 (odds ratio [OR] 1.29 [95% CI 1.12, 1.49],
P < 0.001). Telemedicine use was not associated with interrup-
tions in DMARD use (OR 1.15 [95% CI 0.97, 1.36], P = 0.12),
although interruptions were more likely in patients who

reported avoiding an office visit at baseline (10.5% versus
7.6% [OR 1.43 (95% CI 1.13, 1.79)], P = 0.002).

Influence of interruptions in DMARD use on
subsequent disease flares. A total of 1,464 patients with an
ARD had at least 1 survey response during which they were
receiving a DMARD, did not report a current flare, and had a
subsequent survey available (5,800 total responses). Among
this population, 925 (16.0%) reported any flare (median severity
6 [IQR 5–7]), while 516 (8.9%) reported a severe flare (≥6 of 10)
at their next survey. In adjusted models, interruptions in DMARD
use were associated with a significant increase in severe flares at
the next survey (OR 1.71 [95% CI 1.23, 2.36]), with predicted
severe flare incidence of 12.9% versus 8.0% (Figure 4). Differ-
ences in flares of any severity were not statistically significant
(OR 1.18 [0.89, 1.58]) (Figure 4). Both severe flares and flares
of any severity were more common in patients receiving gluco-
corticoids, in younger patients, and in those with PsA or AS (ver-
sus RA) but were less common in patients with vasculitis; flares
were not associated with the type of DMARDs that patients were
receiving (see Supplementary Table 2, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24837/abstract). Results were similar in analyses
restricted to patients with RA, PsA, AS, or SLE (see Supple-
mentary Table 3, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24837/
abstract), in analyses restricted to patients with at least 6 months
of follow-up (see Supplementary Table 4, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24837/abstract), and in analyses adjusted for
season (not shown).

Figure 3. Frequency of interruption in disease-modifying antirheu-
matic drugs (DMARDs) among patients who reported that they were
not sick, did not have COVID-19, and who were taking DMARDs.
Results were graphed using predictions from a generalized estimating
equation logit model. There was a significant trend for reduction in
interruptions from April 2020 to December 2020 (P < 0.001) and a
significant trend for increase from December 2020 to May 2021
(P < 0.001). Diamonds represent predictions at each month. Bars
show the 95% confidence intervals.

Figure 2. Telemedicine use over time. Results were graphed
using predictions from generalized estimating equation logit mod-
els. The Midwest region was associated with significantly lower tele-
medicine use (P < 0.04) overall versus the Northeast. Time
interactions demonstrate significantly slower increase in telemedi-
cine use in the Midwest (P < 0.001) and faster increase in the West
(P = 0.04) versus the Northeast. Diamonds represent predictions
at each month.
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DISCUSSION

In this study of patients with ARDs followed over the course
of 14 months, we found frequent interruptions in DMARD use.

Importantly, interruptions in DMARD use were associated with

self-reported severe disease flares, demonstrating the impact of

these DMARD interruptions on patient health. While both interrup-

tions in DMARD use and anxiety decreased during 2020, interrup-

tions in DMARD use increased in 2021, even though anxiety

among participants continued to decline.
Several studies have shown that patient concerns early in the

pandemic led to frequent health care disruptions, as well as

patient interruptions in DMARD use, because of concerns about

COVID-19 (11,12,16). Little was known, however, about how

rates of interruptions in DMARD use changed as the pandemic

progressed. We found that interruptions in DMARD use

decreased by >30% by December 2020, with a >50% decrease

in biologic/JAK inhibitor interruptions. This reduction may have

been due in part to greater comfort with social distancing, discus-

sions with health care providers, and guidance released from the

American College of Rheumatology (ACR) in late April 2020

recommending that DMARDs be continued unless patients devel-

oped COVID-19 or had a close exposure to an infected person

(21). Anxiety, which was strongly associated with interruptions in

DMARD use, also decreased substantially over this time period.
Surprisingly, we found a substantial increase in interruptions

in DMARD use after December 2020. This increase could be
related to a surge of COVID-19 cases during this time period,
but because anxiety continued to decrease, it seems possible
that interruptions in DMARD use were related to patient or physi-
cian concerns about the effect of medications on vaccine efficacy,
which were not fully captured in this study. Supporting this asser-
tion, during January to May 2021, patients were less likely to cite
“worry about getting sick” as a reason for stopping medications

and were more likely to note the reason as “other” (which may
include vaccine-related interruptions). Additionally, the proportion
of interruptions in DMARD use that were recommended by a phy-
sician increased in 2021, although still only accounting for one-
third of interruptions. It is possible that some interruptions in
DMARD use may have been appropriate even when patients did
not discuss with their physician; patients may have independently
followed guidance released by the ACR in February 2021 (10,22)
to briefly interrupt use of some DMARDs around the time of vacci-
nation, although the intention of this guidance was to encourage
shared decision-making. Given the low rate of interruptions
directed by a physician, however, it seems likely that some
patients stopped DMARDs for longer periods of time because of
general concerns about vaccine efficacy.

Few studies have evaluated how interruptions in DMARD
use directly affect patient health. One study from Iran found that
~10% of patients with medication nonadherence during the
pandemic experienced a worsening of disease symptoms (23).
A cross-sectional study from Saudi Arabia also reported that
patients with worse medication adherence and more self-
titration of medication had worsening of disease activity (24).
The longitudinal nature of our study allowed us to examine
patients not currently reporting a flare and to evaluate predictors
of subsequent flares. We found that interruptions in DMARD use
were associated with a substantial increase in self-reported
severe disease flares at the next survey. We did not find an asso-
ciation between interruptions in DMARD use and more mild
flares, perhaps because of challenges for patients in distinguish-
ing whether a mild increase in symptoms is related to a true
inflammatory disease flare or to other causes. Although patient-
reported flares may not always match physician assessments
(25), previous studies have shown better agreement between
patients and physician measures of flares when patient report
of flare severity was higher (20), suggesting that flares rated

Figure 4. Association between interruptions in disease-modifying antirheumatic drug (DMARD) use and disease flares. Results are from gener-
alized estimating equation logit models assessing the frequency of any flare or of severe flares (rated ≥6 of 10) at the subsequent visit among
patients receiving immunomodulatory medications who did not report a respiratory illness or COVID-19 and who did not report currently having
a flare. Models also included age, sex, race, autoimmune disease type, glucocorticoid use, DMARD type, andmonth (full models in Supplementary
Table 2, available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24837/abstract). 95% CI = 95% confidence interval; OR = odds ratio.
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more severe by patients are more likely to represent true
increases in inflammatory disease activity. Additionally, flares
rated as more severe by patients presumably have a greater
effect on patient health and are more clinically important. As
expected, we also found that glucocorticoid use was associated
with flares, presumably because patients receiving glucocorti-
coids are less likely to start in states of lower disease activity.

Some interruptions in DMARD use may be appropriate, and
guidance from the ACR recommends brief interruptions in
DMARD use in several situations (10). We excluded interruptions
in DMARD use due to COVID-19 or to illness but did not capture
whether DMARDs were interrupted because of vaccination. We
were not able to examine the duration of interruptions in DMARD
use, but previous work has shown that short interruptions in
DMARDs are less likely to lead to flares than longer interruptions
(26). Because our results combine interruptions of different
lengths in use of a DMARD, it seems likely that the actual risk of
flare with prolonged interruptions is higher than what we found.
These results highlight the importance of maintaining continuity
of care and avoiding unnecessary or prolonged interruptions
in DMARD use during the pandemic and in future public
health crises.

We previously found that patients who avoided office visits
early in the pandemic were the most likely group to stop a
DMARD, but that patients who replaced these missed visits with
telemedicine were less likely to stop a DMARD (11,16). In the cur-
rent study, avoiding office visits at baseline was associated with
increased future interruptions in DMARD use, but there was no
association between telemedicine and interruptions in DMARD
use. This difference may be due to the rapid uptake of telemedi-
cine in this cohort, with >80% of patients reporting telemedicine
use within 4 months. In addition, while telemedicine may help
maintain continuity of care, use of telemedicine may reflect higher
local rates of COVID-19 or greater patient anxiety. Additionally,
patients with the highest likelihood of stopping DMARDs (those
who lost contact with the health care system) may have been less
likely to participate in this study; notably, we found that patients
who did not complete follow-up surveys were substantially more
likely to have stopped a DMARD than patients who completed
follow-up surveys. Methods to proactively identify patients
who lose contact with the health care system may help prevent
unnecessary interruptions in DMARD use.

Several limitations are important to note. The majority of the
survey population were White, female, and of higher socioeco-
nomic status, and responses may not reflect those of underrepre-
sented populations. Given that patients who answered only the
baseline survey were more likely to stop medications than those
that were followed over several months, our results likely underes-
timate rates of interruptions in DMARD use in the general popula-
tion. Not all patients answered every survey, but results were
similar in analyses restricted to patients with at least 6 months of
follow-up. Flares were based on patient self-report; we did not

include the Rheumatoid Arthritis Flare Questionnaire because
many patients in the study did not have RA, although a key ques-
tion in this questionnaire is a patient self-report of flare (27). We
also did not capture details on the duration of interruptions in
DMARD use and could not compare the effects of brief interrup-
tions in DMARD use (as might occur around the time of vaccina-
tion) to longer duration interruptions. Lack of time anchors could
also have led some patients to continue to report that a medica-
tion had been interrupted even once it had been resumed, but this
misclassification would tend to bias time trends and associations
with disease flares toward the null.

In conclusion, the COVID-19 pandemic led to substantial
anxiety and high rates of interruptions in DMARD use among
patients with ARDs, and these interruptions were associated with
a higher frequency of self-reported severe disease flares. While
anxiety and interruptions in DMARD use improved throughout
2020, interruptions in DMARD use increased in 2021, perhaps
related to self-discontinuation or physician-directed discontinua-
tion around the time of vaccination. Avoiding unnecessary
and prolonged interruptions in DMARD use may help avoid dis-
ease flares. Ensuring that patients have continuity of care and
continued communication with their physicians is critical to help-
ing patients navigate a confusing and constantly changing
landscape.
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B R I E F R E P O R T

Increased Risk of COVID-19 in Patients With Rheumatoid
Arthritis: A General Population-Based Cohort Study

Yilun Wang,1 Kristin M. D’Silva,2 April M. Jorge,2 Xiaoxiao Li,1 Houchen Lyv,3 Jie Wei,1 Chao Zeng,1

Guanghua Lei,1 and Yuqing Zhang2

Objective. Patients with rheumatoid arthritis (RA) are at an increased risk of acquiring infections owing to immuno-
logic dysfunction and use of potent immunomodulatory medications; however, few data are available on their risk of
COVID-19. We estimated the rate of COVID-19 among RA participants and compared it with that of the general
population.

Methods. Using the Health Improvement Network, we identified RA patients before February 2020 and followed
them to September 2020. We calculated the rate of COVID-19 among participants with RA and compared it with that
of the general population using a Cox proportional hazards model, adjusting for potential confounders using overlap
weighting of exposure score. We repeated the same analysis among participants with osteoarthritis, a nonautoimmune
rheumatic disease, as a negative control exposure.

Results. We identified 225 cases of suspected and confirmed COVID-19 among 17,268 RA patients, and 14,234
cases among 1,616,600 participants in the general population (1.4 versus 0.9/1,000 person-months), with the adjusted
hazard ratio (HRadj) being 1.19 (95% confidence interval [95% CI] 1.04–1.36). Confirmed COVID-19 cases developed in
46 RA participants and in 2,249 in the general population (0.3 versus 0.1/1,000 person-months), with the HRadj being
1.42 (95% CI 1.01–1.95). No statistically significant difference was observed for suspected and confirmed (HR 1.00
[95% CI 0.93–1.07]) or confirmed (HR 1.08 [95% CI 0.92–1.27]) COVID-19 rates between participants with osteoarthri-
tis and the general population.

Conclusion. RA, but not osteoarthritis, was associated with an increased risk of COVID-19. Our findings provide
timely evidence to support recommendations that booster vaccines and priority access to anti–SARS–CoV-2 mono-
clonal antibody treatments should be encouraged for RA patients.

INTRODUCTION

COVID-19 has become a global health crisis. By the end of

2020, >100 million cases have been diagnosed worldwide. To

date, several studies have reported that patients with rheumatic

diseases were at an increased risk of hospitalization (1) and had

more severe sequalae after COVID-19 (2–4). However, the risk

of developing COVID-19 may vary among the different rheumatic

diseases (5), and most prior studies have evaluated heteroge-

neous rheumatic diseases in aggregate (1–4).
Rheumatoid arthritis (RA) is a common systemic autoim-

mune disorder, and patients with RA are at an increased risk of

acquiring infections owing to immunologic dysfunction and use

of potent immunomodulatory medications. To date, 3 studies

have specifically compared the risk of COVID-19 between

patients with RA and those without RA (6–8); the findings,
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however, were inconclusive. Two studies found that patients with

RA had a higher risk of COVID-19 than individuals without RA

(6,7), but another failed to confirm it (8).
To our knowledge, no study has been conducted to

describe the incidence of COVID-19 among patients with RA
and compare it with that among the general population. To
address this knowledge gap, we conducted 2 cohort studies
to estimate the risk of COVID-19 among patients with RA and
those with osteoarthritis (OA), a common nonautoimmune rheu-
matic disease, and compared it with that of the general
population.

MATERIALS AND METHODS

Data source. The Health Improvement Network (THIN) is
an electronic medical record database including general practi-
tioner (GP) records in the UK and represents the UK population
regarding demographic characteristics and medical conditions
(THIN is a registered trademark of Cegedim in the UK and other
countries). Reference made to the THIN database herein is
intended to be descriptive of the data asset licensed by IQVIA.
This study uses deidentified data provided by patients as a part
of their routine primary care. It was approved by the THIN Scien-
tific Review Committee (20SRC003_A1).

Study design and cohort definition. We conducted a
cohort study to compare the risks of COVID-19 between patients
with RA with the general population without RA. RA diagnosis
was made using Read codes (see Supplementary Table 1, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24831/abstract) (9) that
have been previously validated in the UK General Practice
Research Database, with a positive predictive value of ~80%. Eli-
gible participants included those between 18 and ~90 years of
age and had at least 1 year of continuous enrollment with a gen-
eral practice before January 29, 2020 (i.e., the index date when
the first COVID-19 case was diagnosed in the UK). Participants
were followed until the middle of September 2020. Individuals

were excluded if they had missing information on body mass
index, smoking status, alcohol use, or socioeconomic deprivation
index score.

As there has been no purported association between OA
and the risk of COVID-19, we further conducted a cohort study
to compare the risks of COVID-19 between the patients with OA
(i.e., a negative comparison group) and the general population
without OA. OA diagnosis was made using Read codes accord-
ing to previous studies using the THIN database (10). This
approach has been preferred in validation studies, as opposed
to other approaches, such as medical visits, referrals, or prescrip-
tion records. Eligible participants included those age ≥40 years
and who had at least 1 year of continuous enrollment with a gen-
eral practice before the index date. Participants were also fol-
lowed until the middle of September 2020. Exclusion criteria
were in line with the RA cohort. This study received approval from
the Medical Ethics Committee at Xiangya Hospital (2018091077),
with waiver of informed consent.

Assessment of outcomes. The primary outcome was a
composite of suspected and confirmed diagnoses of COVID-19
(suspected/confirmed COVID-19) based on Read codes recom-
mended in national guidelines (see Supplementary Table 1,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24831/
abstract) (11). The secondary outcome was a confirmed diagno-
sis of COVID-19 (11). According to National Health Service guid-
ance and standard operating procedures for primary care and
UK Faculty of Clinical Informatics guidelines, confirmed COVID-19
codes represent a positive reverse transcriptase polymerase chain
reaction (RT-PCR) test result, while a suspected COVID-19 code
represents a symptomatic presentation of COVID-19 and/or con-
tact history with a confirmed patient. A recent study on suspected
COVID-19 codes recorded in primary care suggested that
clinical diagnosis of COVID-19 by physicians followed a similar
trend to test positive cases confirmed by the UK National Testing
Service.

Assessment of covariates. Sociodemographic, anthro-
pometric, and lifestyle factors were assessed using the nearest
available data prior to the index date; comorbidities were
assessed before the index date; and medication use as well as
health care utilization were assessed within 1 year prior to the
index date (Table 1). These covariates were chosen, as they are
potentially causal for RA, OA, and COVID-19.

Statistical analysis. Person-months of follow-up for each
participant were calculated as the amount of time from the index
date to the first of the following events: COVID-19, death, age
90 years, transferring out of the THIN GP practice, or the end of
study follow-up on September 16, 2020. We calculated the inci-
dence rates of suspected/confirmed and confirmed COVID-19,
respectively. We estimated rate differences (RDs) between the

SIGNIFICANCE & INNOVATIONS
• This study shows that the risk of COVID-19 is higher

among patients with rheumatoid arthritis (RA) than
the general population.

• Patients with osteoarthritis, a nonautoimmune
rheumatic disease, do not present a higher risk of
COVID-19 than the general population.

• Our findings provide timely evidence to support
recommendations that booster vaccines and prior-
ity access to anti–SARS–CoV-2 monoclonal antibody
treatments should be encouraged for patients
with RA.
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RA group and the comparison group. We performed a Cox pro-
portional hazards model to examine the relation of RA to the risk
of suspected/confirmed (or confirmed) COVID-19. We used the
Fine and Gray approach to account for the competing risk of
death. Specifically, if a person was diagnosed with COVID-19
after the index date, the outcome variable was defined as “Yes”
(code 1), and the follow-up time was calculated from the index
date to the date of COVID-19 diagnosis. If a person lost follow-
up before she/he was diagnosed with COVID-19, the outcome
variable was defined as “No” (code 0), and the follow-up time

was calculated from the index date to the date of lost follow-up.
If a person died before she/he developed COVID-19, the
outcome variable was defined as “No” but coded as
2 (a competing risk), and the follow-up time was calculated from
the index date to the date of death. We tested the proportional
hazards assumption by using the Kolmogorov-type supremum
test. We used exposure score, analogous to propensity score,
overlap weighting to balance baseline characteristics between
the compared groups. Specifically, the exposure score for RA
was calculated using the logistic regression model with the

Table 1. Baseline characteristics of patients with rheumatoid arthritis (RA) and the general population without RA*

Variable
RA

(n = 17,268)
Non-RA

(n = 1,616,600)
Stand. diff. before
overlap weighting

Stand. diff. after
overlap weighting

Demographic characteristic
Age, mean � SD years 64.9 � 13.5 53.3 � 16.8 0.762 <0.001
Socioeconomic deprivation
index score, mean � SD†

2.8 � 1.3 2.8 � 1.3 0.026 <0.001

Women 71.2 54.0 0.362 <0.001
BMI, mean � SD kg/m2 28.3 � 6.4 27.7 � 6.0 0.098 <0.001
Region 0.079 0.007
England 27.7 31.2
Northern Ireland 10.9 10.7
Scotland 33.8 32.3
Wales 27.6 25.8

Lifestyle factors
Drinking 0.221 <0.001
None 26.8 19.0
Past 5.0 3.1
Current 68.2 77.9

Smoking 0.223 <0.001
None 48.6 56.5
Past 35.8 25.5
Current 15.6 18.0

Comorbidity
Hypertension 44.3 25.4 0.404 <0.001
Diabetes mellitus 19.2 12.5 0.187 <0.001
Chronic kidney disease 12.6 4.6 0.286 <0.001
Pneumonia or infection 11.3 5.9 0.196 <0.001
Chronic obstructive
pulmonary disease

10.0 3.6 0.257 <0.001

Influenza 5.1 3.2 0.097 <0.001
Cancer 12.5 7.8 0.156 <0.001
Venous thromboembolism 5.5 2.2 0.173 <0.001
Atrial fibrillation 6.4 3.2 0.150 <0.001
Ischemic heart disease 11.6 5.7 0.212 <0.001
Congestive heart failure 3.8 1.6 0.136 <0.001
Stroke 3.9 2.1 0.107 <0.001

Medication‡
Antihypertensive 50.2 29.2 0.440 <0.001
Antidiabetic medicine 10.3 7.0 0.117 <0.001
Statin 37.2 20.2 0.383 <0.001
Loop diuretics 9.7 3.3 0.262 <0.001
Thiazide diuretics 6.4 3.7 0.124 <0.001

Health care utilization, mean � SD
Hospitalizations‡ 0.6 � 1.5 0.3 � 0.9 0.247 <0.001
General practice visits‡ 7.1 � 7.1 3.4 � 4.5 0.624 <0.001
Specialist referrals‡ 0.7 � 1.2 0.4 � 0.9 0.274 <0.001

* Values are the percentage unless indicated otherwise. BMI = body mass index; stand. diff. = standard difference.
† The socioeconomic deprivation index score was measured by the Townsend Deprivation Index, which was
grouped into quintiles from 1 (least deprived) to 5 (most deprived).
‡ Frequency during the past 1 year.
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covariates described previously. Individuals with RA were
weighted by the probability of not having RA (i.e., 1-exposure
score), and individuals without RA were weighted by the probabil-
ity of having RA (i.e., exposure score). Overlap weights were
bounded and smoothly reduced the influence of individuals at
the tails of the exposure score distribution without making any
exclusions. We repeated the same analysis among patients with
OA as a negative control exposure.

We further performed 4 sensitivity analyses to assess the
robustness of our findings. First, considering the potential role of
disease-modifying antirheumatic drug (DMARD) use in COVID-
19, we compared RA with and RA without DMARD use to the risk
of COVID-19, respectively. Second, because individuals with
missing values were not included in our analyses, we performed
imputation analyses to account for missing data. Specifically,
missing values of the variables listed previously were imputed by
a sequential regression method based on a set of covariates as
predictors. Third, we compared the risk of COVID-19 between

patients with RA and the general population as well as patients
with OA and the general population after late April 2020, when
COVID-19 testing was available to the general population in the
UK (12). Finally, we conducted a cohort study to compare the risk
of COVID-19 between patients with RA and patients with OA.

P values less than 0.05 (2-tailed) were considered significant
for all tests. All statistical analyses were performed with SAS soft-
ware, version 9.4, and RStudio, version 1.1,456 (R Foundation).
Full references for the statistical analysis are shown in Supple-
mentary Appendix A, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24831/
abstract.

RESULTS

The flow chart depicting the participant selection process is
shown in Supplementary Figure 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/

Figure 1. Crude cumulative incidence of suspected and confirmed COVID-19 (A) and confirmed COVID-19 (B) in 17,268 patients with rheuma-
toid arthritis (RA) as compared with 1,616,600 individuals without RA.
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acr.24831/abstract. In total, we assembled 17,268 participants
with RA and 1,616,600 participants without RA. As shown in
Table 1, participants with RA were older on average and more
likely to be women. However, the baseline characteristics were
well balanced between the compared groups after exposure
score overlap weighting (all standard differences <0.1).

The risk of suspected/confirmed COVID-19 was higher
among the RA group than among the comparison group
(Figure 1). As shown in Table 2, 225 cases of suspected/
confirmed COVID-19 occurred in the RA group (1.4/1,000
person-months), and 14,234 cases occurred in the non-RA
group (0.9/1,000 person-months). The overlap weighted RD of
suspected/confirmed COVID-19 between the 2 groups was
0.3/1,000 person-months (95% confidence interval [95% CI
0.1–0.5]), and the adjusted hazard ratio (HRadj) was 1.19 (95%
CI 1.04–1.36). Of suspected/confirmed COVID-19 cases, 46 in
the RA group (0.3/1,000 person-months) and 2,249 (0.1/1,000
person-months) in the comparison group were diagnosed with
confirmed COVID-19. The HR of confirmed COVID-19 for
patients with RA versus the general population was 1.42 (95%
CI 1.01–1.95).

We assembled 161,065 participants with OA and 779,300
participants without OA from the general population (see Sup-
plementary Figure 2 and Supplementary Table 2, available on
the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24831/abstract). No apparent asso-
ciation was observed between OA and risk of COVID-19 (see
Supplementary Figure 3, available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24831/abstract). The HRs of suspected/
confirmed and confirmed COVID-19 for OA were 1.00 (95% CI

0.93–1.07) and 1.08 (95% CI 0.92–1.27), respectively (see Sup-
plementary Table 3, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24831/
abstract).

Similar results were observed from the sensitivity analyses
when we stratified participants with RA according to DMARD
use (see Supplementary Tables 4 and 5, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24831/abstract), performed imputation analyses to
account for missing data (Table 2), analyzed the data obtained
after April 30, 2020 (Table 2), and compared the risk of
COVID-19 between participants with RA and those with OA
(see Supplementary Tables 6 and 7, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24831/abstract).

DISCUSSION

Using a population-based representative sample from the
UK, we found that the rate of COVID-19 was higher among
patients with RA, but not OA, than that among the general popu-
lation. There are limited data regarding the risk of COVID-19
among patients with rheumatic diseases, and few studies that
have assessed the risk of COVID-19 infection and its sequalae.
A meta-analysis of 6 case–control studies reported that the odds
of COVID-19 among patients with rheumatic diseases were 60%
higher than that among those without rheumatic diseases (odds
ratio [OR] 1.60 [95% CI 1.13–2.25]) (1). Several observational
studies also compared the sequalae (e.g., hospitalization, inten-
sive care unit admission, and death) after COVID-19 among

Table 2. Association between rheumatoid arthritis (RA) and the risk of COVID-19*

RA
(n = 17,268)

Non-RA
(n = 1,616,600)

Suspected and confirmed COVID-19
Event, no. 225 14,234
Mean follow-up, months 7.3 7.3
Incidence rate, per 1,000 person-months 1.4 0.9
Overlap weighted RD (95% CI), per 1,000 person-months 0.3 (0.1–0.5) 0.0 (ref.)
Crude HR (95% CI) 1.49 (1.31–1.69) 1.00 (ref.)
Overlap weighted HR (95% CI) 1.19 (1.04–1.36) 1.00 (ref.)
Overlap weighted HR (95% CI)† 1.20 (1.03–1.44) 1.00 (ref.)
Missing data imputation HR (95% CI) 1.19 (1.04–1.37) 1.00 (ref.)

Confirmed COVID-19
Event, no. 46 2,249
Mean follow-up, months 7.3 7.4
Incidence rate, per 1,000 person-months 0.3 0.1
Overlap weighted RD (95% CI), per 1,000 person-months 0.1 (0.0–0.2) 0.0 (ref.)
Crude HR (95% CI) 1.93 (1.44–2.58) 1.00 (ref.)
Overlap weighted HR (95% CI) 1.42 (1.01–1.95) 1.00 (ref.)
Overlap weighted HR (95% CI)† 1.53 (1.08–2.28) 1.00 (ref.)
Missing data imputation HR (95% CI) 1.34 (1.07–1.63) 1.00 (ref.)

* The number (rate) of deaths (i.e., competing event) in the RA cohort and the non-RA cohort was 291 (2.3/1,000
person-months) and 9,754 (0.8/1,000 person-months), respectively. 95% CI = 95% confidence interval;
HR = hazard ratio; RD = rate difference; ref. = reference.
† Considering April 30, 2020, as the index date.
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patients with rheumatic diseases (2,3). However, these studies
may be susceptible to potential collider bias by conditioning upon
having a confirmed COVID-19 diagnosis, leading to biased con-
clusions (12). To date, 3 studies have specifically compared the
risk of COVID-19 between patients with RA to those without RA
(6–8). A retrospective study conducted in 7 hospitals in Spain
reported that patients with RA had a similar prevalence of hospital
PCR-confirmed COVID-19 as those without rheumatic diseases
(crude OR 0.98 [95% CI 0.76–1.26]) (8). However, 1 age-, sex-,
and Veterans Affairs site–matched cohort study using American
Veterans Affairs data showed that veterans with RA were at a
higher incidence of PCR-confirmed COVID-19 than non-RA
veterans (HR 1.25 [95% CI 1.13–1.39]) after adjusting for demo-
graphic information, comorbidities, health behaviors, and county
level COVID-19 incidence rates (7). Another cohort study con-
ducted in Denmark found that the risk of COVID-19 hospitaliza-
tion among patients with RA was much higher than that among
the general population (HR 1.72 [95% CI 1.29–2.30]) after
adjusting for sex and comorbidities, with age as underlying time
scale (6). Likewise, our study findings are in line with those
reported in the US and Denmark suggesting that the risk of inci-
dent COVID-19 is higher among patients with RA than in the
general population, independent of major potential confound-
ers (i.e., sociodemographic characteristics, anthropometrics,
lifestyle factors, comorbidities, medication use, and health care
utilization).

Several mechanisms may explain the positive association
between RA and risk of COVID-19. Studies have demonstrated
that premature aging of the immune system in RA contributes to
weakened protection against infectious organisms (13). Gluco-
corticoids are commonly used in the treatment of RA, and there
is evidence that glucocorticoid use increases the risk of serious
infections in a dose-dependent manner (14). Additionally, other
chronic immunosuppressive medications commonly used to treat
RA, including biologics and non-biologic DMARDs, may also
increase susceptibility to respiratory infections (15), making
patients with RA more susceptible to COVID-19.

Our study has several strengths. First, our results were
derived from a general population sample from the UK; thus, the
study findings are likely generalizable. Second, the risk of devel-
oping COVID-19 may vary among the different rheumatic dis-
eases (5). Our study provided the timely evidence that patients
with RA, a common autoimmune inflammatory rheumatic dis-
ease, but not OA, are at an increased risk of COVID-19. These
findings not only could help professional organizations in updating
their guidelines around COVID-19 for patients with RA, but they
could also shed light on our understanding of the roles of sys-
temic autoimmunity and inflammation in acquiring COVID-19.
Third, major potential confounders were addressed and were well
balanced after using overlap weights of exposure score. In addi-
tion, the sensitivity analyses did not change the results materially,
suggesting that the observed associations are robust.

Several limitations of the study deserve comment. First, the
sensitivity for capturing COVID-19 cases through the utilized
approaches has not been assessed in THIN, and our estimate of
COVID-19 incidence could be underestimated. Second, it is pos-
sible that patients with RA seek medical care more often and are
therefore more likely to have COVID-19 tests than the general
population during the COVID-19 pandemic period, which may
lead to the higher observed risk of COVID-19 among patients with
RA. Since data on the number of COVID-19 tests is unavailable in
THIN, we cannot directly assess whether surveillance bias may
affect our study findings. Nevertheless, when we compared the
risk of COVID-19 infection between 2 comparison cohorts after
late April 2020, when COVID-19 testing was available to the gen-
eral population in the UK (12), RA, but not OA, was still associated
with an increased risk of COVID-19. In addition, when we com-
pared the risk of COVID-19 between participants with RA and
those with OA, the results were consistent with those between
RA and the general population. These findings suggest that a
higher risk of COVID-19 among participants with RA than in the
general population or participants with OA may not be completely
explained by surveillance bias. Third, as we cannot determine the
source of the case (i.e., ambulatory encounters or hospitaliza-
tions), the testing patterns, and the disease severity of COVID-
19 in THIN, future studies are needed to assess the association
between RA and the severity of COVID-19. Fourth, it is of great
interest to examine whether severity of RA may affect susceptibil-
ity to the risk of COVID-19 infection; however, this information
was unavailable in THIN. Future studies are required to test this
hypothesis. Finally, while the HR generated from imputation anal-
yses (suspected/confirmed COVID-19 HR 1.19; confirmed
COVID-19 HR 1.34) was smaller than that from completed data
analysis (suspected/confirmed COVID-19 HR 1.19; confirmed
COVID-19 HR 1.42), the difference in these effect estimates
appears small. Nevertheless, as in any observational study, we
cannot rule out the potential selection bias due to missingness,
and future studies are needed to verify our findings.

In conclusion, RA, but not OA, was associated with an
increased risk of COVID-19. Our findings provide timely evidence
to support recommendations that booster vaccines and priority
access to anti–SARS–CoV-2 monoclonal antibody treatments
should be encouraged for patients with RA.
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One-Year Treatment Outcomes of Secukinumab Versus
Tumor Necrosis Factor Inhibitors in Spondyloarthritis:
Results From Five Nordic Biologic Registries Including
More Than 10,000 Treatment Courses

Bente Glintborg,1 Ulf Lindström,2 Daniela Di Giuseppe,3 Sella Aarrestad Provan,4
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and Lennart T. H. Jacobsson,2 on behalf of the Danish Rheumatology Database (DANBIO), Anti-Rheumatic
Therapy in Sweden/Swedish Rheumatology Quality (ARTIS/SRQ), Center for Rheumatology Research (ICEBIO),
Finnish Register of Biological Treatment (ROB-FIN), and Norwegian Antirheumatic Drug Register (NOR-DMARD)
registries

Objective. To describe baseline characteristics and to compare treatment effectiveness of secukinumab versus
tumor necrosis factor inhibitors (TNFi) in patients with spondyloarthritis (SpA) using adalimumab as the main comparator.

Methods. This was an observational, prospective cohort study. Patients with SpA (clinical ankylosing spondylitis,
nonradiographic axial SpA, or undifferentiated SpA) starting secukinumab or a TNFi during 2015–2018 were identified
from 5 Nordic clinical rheumatology registries. Data on comorbidities and extraarticular manifestations (psoriasis, uve-
itis, and inflammatory bowel disease) were captured from national registries (data available in 94% of patients) and
included in multivariable analyses. We assessed 1-year treatment retention (crude survival curves, adjusted hazard
ratios [HRadj] for treatment discontinuation) and 6-month response rates (Ankylosing Spondylitis Disease Activity Score
[ASDAS] score <2.1, Bath Ankylosing Spondylitis Disease Activity Index [BASDAI] <40 mm, crude/LUNDEX-adjusted,
adjusted logistic regression analyses with odds ratios [ORs]) stratified by line of biologic treatment (first, second, and
third plus).

Results. In total, 10,853 treatment courses (842 secukinumab and 10,011 TNFi, of which 1,977 were adalimumab)
were included. The proportions of patients treated with secukinumab during the first, second, and third-plus lines of
treatment were 1%, 6%, and 22%, respectively). Extraarticular manifestations varied across treatments, while other
baseline characteristics were largely similar. Secukinumab had a 1-year retention comparable to adalimumab as a first
or second line of treatment but poorer as a third-plus line of therapy (secukinumab 56% [95% confidence interval
(95% CI) 51–61%] versus adalimumab 70% [95% CI 64–75%]; HRadj 1.43 [95% CI 1.12–1.81]). Across treatment lines,
secukinumab had poorer estimates for 6-month response rates than adalimumab, statistically significantly only for the
third-plus line (adjusted analyses: ASDAS score <2.1 OR 0.56 [95% CI 0.35–0.90]; BASDAI <40 mm OR 0.62 [95% CI
0.41–0.95]). Treatment outcomes varied across the 5 TNFi.

Conclusion. Secukinumab was mainly used in biologics-experienced patients with SpA. Secukinumab and
adalimumab performed similarly in patients who had failed a first biologic, although with increasing prior biologic
exposure, adalimumab was superior.
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INTRODUCTION

The effect of tumor necrosis factor inhibitors (TNFi) for
treatment of spondyloarthritis (SpA) is well established (1). Inhibi-
tion of the interleukin-17 (IL-17) signaling pathway represents a
newer mode of action. In 2015, the first IL-17 inhibitor (secukinu-
mab) was approved for ankylosing spondylitis based on phase III
studies performed on biologics-naive and previously TNFi-treated
patients (i.e., the MEASURE trials) (2–4).

Currently, the optimal treatment strategy for SpA in routine
care remains to be established (5,6), and randomized head-to-
head comparisons of secukinumab versus individual TNFi are
awaited (7). Recent recommendations acknowledge these evi-
dence gaps but state that treatment with TNFi should be pre-
ferred over secukinumab as a first-line biologic due to familiarity
with long-term safety. However, in case of TNFi failure due to lack
of effect, secukinumab should be favored (5). Studies applying
indirect comparisons based on data acquired from phase III trials
of the respective drugs found similar or superior effectiveness of
secukinumab versus adalimumab (8).

Many patients treated with biologics in routine care would
never be eligible for inclusion in a randomized trial due to atypical
disease presentation, low disease activity, comorbidity, and
advanced age (9). Thus, observational studies contribute a valu-
able supplement to results from randomized trials (10,11).

A recent Swiss real-life study including 106 biologics-experienced
axial SpA patients treated with secukinumab reported similar
1-year treatment effectiveness compared to TNFi (12). The study
included no comparisons for secukinumab versus the individual
TNFi, although TNFi treatment effectiveness is known to vary
across individual TNFi drugs (13,14). Furthermore, concomitant
extraarticular manifestations might affect TNFi prescription pat-
terns and observed outcomes.

We have previously described a Nordic epidemiologic
research collaboration in inflammatory arthritis aiming to investi-
gate rare exposures or outcomes based on combined data sets
from 5 prospective biologic registries enriched with data from
national registries (15–17). Within this collaboration, we aimed to
explore the following in SpA patients treated with secukinumab
versus TNFi (mainly adalimumab) and followed in routine care in
the Nordic countries: 1) patient characteristics at treatment start;
2) retention to treatment during the first year, including reasons
for withdrawal; and 3) 6-month treatment responses.

MATERIALS AND METHODS

This was an observational cohort study based on 5 Nordic
biologics registries: the Danish Rheumatology Database (DANBIO)
registry (Denmark); the Anti-Rheumatic Therapy in Sweden/
Swedish Rheumatology Quality (SRQ/ARTIS) registry (Sweden);
the Finnish Register of Biological Treatment (ROB-FIN; Finland);
the Norwegian Antirheumatic Drug Register (NOR-DMARD;
Norway); and the Center for Rheumatology Research (ICEBIO)
registry (Iceland) (15). In these registries, patients are followed pro-
spectively in routine care with monitoring of treatment and out-
comes, as previously described (15).

Population and treatments. Each registry identified
adult SpA patients (age ≥18 years) who started a TNFi (infliximab,
etanercept, adalimumab, golimumab, or certolizumab pegol) or
secukinumab between January 1, 2015, and December 31,

SIGNIFICANCE & INNOVATIONS
• In spondylarthritis, secukinumab is mainly prescribed

in biologics-experienced patients and not as a first-
line biologic.

• Outcomes in difficult-to-treat patients who have
failed >2 prior biologics are generally poor.

• Our data did not suggest that secukinumab was
superior to adalimumab or other tumor necrosis fac-
tor inhibitors (TNFi) after failure of a previous TNFi.
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2018, regardless of previous treatment with biologic disease-
modifying antirheumatic drugs (bDMARDs). SpA was defined as
a clinical diagnosis of ankylosing spondylitis, undifferentiated
SpA, nonradiographic axial SpA, axial SpA, or by International
Statistical Classification of Diseases and Related Health Prob-
lems, Tenth Revision (ICD-10) codes M45, M46.0, M46.1,
M46.8, M46.9, and M07.2. Treatments with other biologics
(e.g., ixekizumab) or JAK inhibitors were excluded due to there
being few treatment courses, but each patient could contribute
with >1 bDMARD treatment course.

Patient characteristics. Patient characteristics upon start
of individual bDMARDs (= baseline) were retrieved from the bio-
logics registries and included sex, age, disease duration, and
concomitant treatment with conventional synthetic DMARDs
(csDMARDs) (e.g., methotrexate or sulfasalazine). Concomitant
treatment with nonsteroidal antiinflammatory drugs is not rou-
tinely registered and was not reported.

For each treatment course, comorbidities 0–5 years prior to
baseline (for main or contributory diagnoses, see Supplementary
Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24523/abstract)
were identified as previous hospital contacts (inpatient or outpa-
tient care) through linkage to the national patient registries of indi-
vidual countries. The following 8 comorbidities were included:
malignancy, infection, congestive heart disease, chronic obstruc-
tive or interstitial pulmonary disease, chronic kidney disease, dia-
betes mellitus, myocardial infarction, and hip or knee prosthesis.
In the national patient registries, hospital contacts, including dis-
charge diagnoses, are coded according to the ICD-10. Further-
more, extraarticular SpA manifestations (uveitis, inflammatory
bowel disease, and psoriasis) were identified. Not all countries were
able todeliver comorbidity linkagedata for the full observationperiod
(Iceland [not available]; Denmark [until August 2018]; Sweden,
Norway, and Finland [until data censoring, December 31, 2018]).

Disease activity and treatment outcomes at
6 months. Each registry extracted individual-level data on dis-
ease activity from –60 to +540 days (if available) from the start of
the respective treatment with bDMARDs. Exploratory analyses
were performed to select the optimal time windows for baseline
and 6-month follow-up data in order to reduce missingness.
Thus, baseline data were captured within the time window of
–30 to +14 days and during the 6-month follow-up visit from
90 to 270 days. In case >1 visit occurred within a given time win-
dow, the one closest to the given time point was selected. No
imputation of missing data was performed. Disease activity was
reported as Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI, mm) score, Bath Ankylosing Spondylitis Functional
Index score, Bath Ankylosing Spondylitis Metrology Index score,
C-reactive protein (CRP, mg/liter) level, Ankylosing Spondylitis
Disease Activity Score (ASDAS), patient global score on a visual

analog scale (VAS, 0–100 mm), and patient’s score for pain
on a VAS.

For all treatment courses with secukinumab and each of the
TNFi, drug type and start date were retrieved. In case of treatment
withdrawal, date of withdrawal and reason for withdrawal (preg-
nancy, remission, insufficient response, adverse events, death,
or other) were registered. Switching from originator to corre-
sponding biosimilar bDMARD (etanercept, infliximab, or adalimu-
mab) or vice versa was not considered a discontinuation if the
respective biosimilar/originator was started within 3 months.
Reexposure to the same TNFi was counted as a separate treat-
ment course if the time interval between stop and start was
>3 months.

Statistics. All country-specific data were pooled for analy-
ses. Analyses were performed using SAS, version 9.4, and Stata,
version 16.1, and followed a predefined study protocol approved
by all coauthors.

Baseline characteristics and retention to treatment. Baseline
characteristics were evaluated based on percentages and mean
� SDs for patients treated with secukinumab and each of the
5 TNFi. Treatment retention (= duration of treatment) and with-
drawals stratified by drug type (secukinumab and each of the
5 TNFi) and line of treatment (first, second, and third plus) were
evaluated using Kaplan-Meier analysis, overall and by sex. The
main outcome was treatment withdrawal irrespective of reason.
The person-time to calculate retention rates was defined as the
number of days from treatment start until treatment withdrawal,
death, censoring, or 365 days of follow-up, whichever came first.

Similarly, Cox proportional hazards regression analyses for
treatment withdrawal within 1 year were performed, crude (with
95% confidence intervals [95% CIs]) and adjusted for age and
sex (model A), model A plus baseline values for BASDAI score,
CRP level, patient global score on a VAS, and concomitant
csDMARDs (model B), and model B plus extraarticular manifesta-
tions (uveitis [yes/no], inflammatory bowel disease [yes/no], and
psoriasis [yes/no]) and number of different comorbidities (maxi-
mum 8, as described above; summed as 0/1/>1) (model C). Adali-
mumabwas the reference drug. Analyses were stratified according
to line of treatment. Additional adjustment for country did not
change the results; thus, country was not included in the models.

In the multivariate analyses, age was added as a continuous
variable, including a quadratic term. The following variables
were added as categorical and based on quartiles of the distri-
bution: concomitant csDMARDs (yes/no/missing), BASDAI
(≤3.7/>3.7; ≤5.9/>5.9; ≤7.5/>7.5/missing), CRP level (mg/liter)
(≤2/>2; ≤4.2/>4.2; ≤11/≥11/missing), and patient global score
on a VAS (≤45/>45; ≤65/>65; ≤80/>80/missing).

For model C, only patients with available linkage to national
patient registries were included. In all multivariable models,
robust SEs were used to adjust for patients contributing ≥1
treatment course.
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Treatment response at 6-month follow-up. The proportions
of patients with at least 6 months of follow-up and available data
who were in low disease activity (ASDAS score <2.1) or who
had a BASDAI score of <40 mm at 6 months were identified. Fur-
thermore, the corresponding LUNDEX-corrected response rates
(crude) were calculated, thus taking early withdrawal (<6 months)
into account (18). Logistic regression analyses for an ASDAS
score of <2.1 and a BASDAI score of <40 mm (yes/no) at
6 months among patients still receiving treatment were performed
and adjusted as described for models A, B, and C, with adalimu-
mab as the reference drug.

Sensitivity analyses. The following post hoc analyses were
performed: multivariate analyses (model C) that 1) compared
patients receiving secukinumab to the combined TNFi group, 2)
included only the subgroup of patients (second or third-plus treat-
ment courses) for whom the reason for termination of prior TNFi
was lack of effect, and 3) added the exact number of previous
bDMARD courses to the third-plus treatment group as a further
adjustment factor.

Missing data. In order to assess potential bias due to missing
baseline data, additional multivariable Cox regression analyses
including only patients with complete data on all covariates were
performed (i.e., complete case analyses). Furthermore, baseline
characteristics of patients with available versus missing measures
of treatment response at 6 months were explored.

Ethics approval. This study was approved by the appro-
priate ethics committees and/or data protection committees in
each country (Denmark: RH-2015-209, I-suite 04145; Finland:
73/13/03/00/2014; Iceland: VSNb2017010049/03.01; Norway:
2011/1339 and 2017/243; and Sweden: 2015/1844-31/2). Indi-
vidual patient consent was not required for the reporting of anon-
ymized registry data for research purposes.

RESULTS

In total, 10,853 treatment courses (842 secukinumab [8%]
and 10,011 TNFi [92%]) in 8,050 unique patients were included.
Country-specific numbers for secukinumab/TNFi were as follows:
Sweden 497/5,286; Denmark 195/2,866; Finland 73/806;
Norway 67/796; and Iceland 10/257. Secukinumab was used
mostly in biologics-experienced patients (proportions treated with
secukinumab during first/second/third-plus treatment courses:
1%/6%/22%) (Table 1), with a similar pattern for all 5 countries
(Table 1). History of extraarticular manifestations varied across
treatments, with inflammatory bowel disease being more com-
mon in patients treated with adalimumab, golimumab, or inflixi-
mab (adalimumab was favored in patients with a history of
anterior uveitis, and secukinumab was favored in patients with
psoriasis). History of other comorbidities was overall similar
across different bDMARD and treatment courses, except for
heart disease, which was more common in patients starting

secukinumab as the first treatment course. Other baseline char-
acteristics were largely similar, including sex distribution, age,
concomitant csDMARDs, disease activity, and number of comor-
bidities (Table 1). The numbers of patients contributing baseline
data are shown in Supplementary Table 2, available on the Arthri-
tis Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24523/abstract. Contributing linkage data from the
national registries (n = 10,180; 94%) are shown in Supplementary
Table 3, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24523/abstract.

Retention to treatment. The 1-year treatment retention
rates varied across treatments (Table 2 and Figure 1), with secuki-
numab displaying a drug retention comparable to adalimumab as
a first or second line of treatment, but poorer as a third-plus line of
therapy: secukinumab 56% (95% CI 51%–61%) versus adalimu-
mab 70% (95% CI 64%–75%) (Table 2). Similar results were
found in multivariable Cox regression analyses adjusted for
comorbidities and extraarticular manifestations (Table 2 and Sup-
plementary Table 3, available at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24523/abstract).

Reasons for withdrawals within the first year of follow-up
were mainly lack of effectiveness or adverse events (see
Supplementary Table 4, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24523/
abstract), with a tendency toward higher secukinumab with-
drawal due to lack of effectiveness. Secukinumab contributed
few withdrawals during first-line therapy (n = 14); thus, these data
should be interpreted with caution.

Patients receiving secukinumab had a similar treatment reten-
tion compared to the combined TNFi group: first-line hazard ratio
(HR) 0.78 (95% CI 0.45–1.36); second-line HR 0.94 (95% CI
0.69–1.28); third-plus–line HR 1.06 (95% CI 0.91–1.24) (model
C). Sensitivity analyses restricted to patients in whom the prior
TNFi failed due to lack of effect showed results similar to those pre-
sented in Table 2. Thus, during the third treatment course, the HR
for 1-year treatment withdrawal was 1.60 (95% CI 1.14–2.24)
(model C, secukinumab versus adalimumab; details not shown).

Sensitivity analyses adding the number of previous
bDMARDs did not change the results markedly (HR 1.46 [95%
CI 1.14–1.86] for secukinumab versus adalimumab [model C,
third-plus line]). Furthermore, complete case analyses showed
similar results (data not shown).

Treatment response at 6-month follow-up. Treatment
response differed between secukinumab and the 5 TNFi with
LUNDEX-adjusted response rates for an ASDAS score of <2.1
(first line: 27% for secukinumab versus 27–42% for TNFi; second
line: 14% versus 23–31%; third-plus line: 12% versus 11–24%)
(Figure 2). Similar rates and similar internal relations between the
6 evaluated drugs were seen for a BASDAI score of <40 mm
(Figure 2). Baseline characteristics in patients with available
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versus unavailable measures of treatment response were similar
(see Supplementary Table 5, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24523/abstract).

In adjusted logistic regression analyses (model C), secuki-
numab had poorer 6-month response rates than adalimumab,

but the difference was only statistically significant for the third-plus
line (ASADS score <2.1, OR 0.56 [95% CI 0.35–0.90]; BASDAI
score <40 mm, OR 0.62 [95%CI 0.41–0.95]) (Table 3 and Supple-
mentary Table 6, available on the Arthritis Care & Researchwebsite
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24523/abstract).
Results for the comparison of patients receiving secukinumab

Table 2. Treatment withdrawals and retention after 1 year, stratified by drug type and line of treatment*

Line and drug No.
No. of
events

Person-
years

1-year retention
rate (95% CI)

HR (95% CI) of withdrawal

Model A† Model B‡ Model C§

First line
ADA 858 182 625.58 0.74 (0.70–0.77) 1 1 1
SEC 70 14 48.71 0.76 (0.63–0.85) 0.93 (0.54–1.61) 0.99 (0.57–1.71) 0.89 (0.50–1.57)
CZP 396 126 316.12 0.66 (0.61–0.71) 1.40 (1.11–1.75)¶ 1.33 (1.03–1.70)¶ 1.27 (0.99–1.64)
ETN 1,720 402 1,245.08 0.72 (0.69–0.74) 1.10 (0.92–1.31) 1.08 (0.91–1.30) 1.03 (0.85–1.24)
GOL 499 93 435.69 0.78 (0.74–0.82) 0.78 (0.61–1.00) 0.79 (0.61–1.02) 0.79 (0.61–1.02)
IFX 1,782 585 1,325.62 0.62 (0.59–0.64) 1.53 (1.29–1.80)¶ 1.42 (1.19–1.70)¶ 1.39 (1.16–1.67)¶

Second line
ADA 662 167 451.61 0.69 (0.64–0.73) 1 1 1
SEC 160 45 105.24 0.67 (0.58–0.74) 1.08 (0.78–1.50) 1.07 (0.77–1.50) 1.05 (0.75–1.47)
CZP 247 101 178.26 0.55 (0.48–0.61) 1.50 (1.17–1.92)¶ 1.39 (1.07–1.80)¶ 1.36 (1.05–1.77)¶
ETN 890 288 617.78 0.63 (0.59–0.66) 1.26 (1.04–1.53)¶ 1.21 (1.00–1.47)¶ 1.18 (0.96–1.44)
GOL 304 80 243.78 0.69 (0.62–0.74) 0.91 (0.70–1.19) 0.93 (0.71–1.22) 0.89 (0.67–1.17)
IFX 540 169 414.41 0.64 (0.59–0.68) 1.12 (0.91–1.39) 1.20 (0.96–1.51) 1.18 (0.94–1.49)

Third-plus line
ADA 457 107 315.90 0.70 (0.64–0.75) 1 1 1
SEC 612 214 402.51 0.56 (0.51–0.61) 1.53 (1.22–1.93)¶ 1.47 (1.16–1.86)¶ 1.43 (1.12–1.81)¶
CZP 322 148 203.74 0.47 (0.41–0.53) 2.11 (1.64–2.72)¶ 2.14 (1.66–2.76)¶ 2.04 (1.57–2.64)¶
ETN 500 156 349.47 0.62 (0.57–0.67) 1.30 (1.02–1.66)¶ 1.27 (0.99–1.63) 1.21 (0.94–1.56)
GOL 372 117 270.77 0.64 (0.58–0.69) 1.27 (0.98–1.64) 1.30 (1.00–1.69)¶ 1.26 (0.97–1.65)
IFX 462 168 320.77 0.58 (0.53–0.63) 1.55 (1.21–1.98)¶ 1.54 (1.21–1.97)¶ 1.41 (1.10–1.82)¶

* Results from Kaplan-Meier and Cox regression analyses (crude and adjusted hazard ratios [HRs] for withdrawal). 95% CI = 95% confidence
interval; ADA = adalimumab; CZP = certolizumab pegol; ETN = etanercept; GOL = golimumab; IFX = infliximab; SEC = secukinumab.
† Adjusted by age and sex.
‡ Adjusted by sex and baseline age, C-reactive protein level, Bath Ankylosing Spondylitis Disease Activity Index score, patient global score on a
VAS, and concomitant conventional synthetic disease-modifying antirheumatic drugs.
§ Model B, adding baseline comorbidity/extraarticular manifestations; see Supplementary Table 3, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24523/abstract, for details including patient numbers.
¶ Statistically significant.

Figure 1. Survival probability curves for secukinumab and each of the 5 tumor necrosis factor inhibitors, stratified by line of treatment.
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versus the combined TNFi group were not statistically significant
(model C, third-plus treatment ASDAS score <2.1, OR 0.74
[95% CI 0.51–1.07] and BASDAI score <40 mm, OR 0.79
[95% CI 0.58–1.09]) (details not shown).

Sensitivity analyses restricted to patients failing the prior
TNFi due to lack of effect showed similar but not statistically
significant results for secukinumab versus adalimumab (model C,
third-plus line ASDAS score <2.1, OR 0.68 [95% CI 0.34–1.37]
and BASDAI score <40 mm, OR 0.59 [95% CI 0.31–1.09]). Sen-
sitivity analyses adding the number of previous bDMARDs to
the third-plus line did not markedly change results (ASDAS
score <2.1 OR 0.55 [95% CI 0.34–0.89] and BASDAI score
<40 mm OR 0.63 [95% CI 0.41–0.98] for secukinumab versus
adalimumab).

DISCUSSION

In this observational study including >10,000 patients with
SpA treated in routine care from 5 prospective Nordic rheuma-
tology registries during 2015–2018, secukinumab was mainly
prescribed in biologics-experienced patients. Through linkage
to national registries, we were able to identify comorbidities and

extraarticular manifestations. We found marked differences
across treatments, with secukinumab more often used in
patients with cardiovascular disease and concomitant psoriasis,
and adalimumab when there was a history of uveitis. The
6-month treatment outcomes and 1-year treatment retention
showed wide variation between the 5 TNFi, with poorer out-
comes for secukinumab compared to adalimumab, especially
during third-line treatment. We were not able to demonstrate
any superior outcomes for secukinumab versus adalimumab in
patients in whom ≥1 TNFi had previously failed, neither overall
nor in the subgroup that withdrew from TNFi due to lack of effect.

This study adds important knowledge to the gradually
emerging evidence regarding routine care use of secukinumab
in patients with SpA. Previous studies have demonstrated that
secukinumab performs better in biologics-naive than biologics-
experienced patients (4,19). However, in accordance with cur-
rent guidelines (5,20), we found that secukinumab was mainly
used in TNFi-experienced patients, and only 1% of first-line treat-
ment courses used secukinumab. Although we demonstrated a
similar performance of first-line secukinumab versus adalimu-
mab, secukinumab-exposed patients were too few to draw firm
conclusions.

Figure 2. Treatment response after 6 months of treatment, stratified by line of treatment and drug type, for an Ankylosing Spondylitis Disease
Activity Score (ASDAS) of <2.1 (A) and a Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) score of <40 mm (B). Numbers are the per-
centage of patients with a response (crude with 95% confidence interval [solid bars] and LUNDEX adjusted [shaded bars]). ADA = adalimumab;
CZP = certolizumab pegol; ETN = etanercept; GOL = golimumab; IFX = infliximab; SEC = secukinumab.
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It has been hypothesized that a change of mode of action
from TNF inhibition to, for instance, IL-17 inhibition may be a
favorable strategy in case of treatment failure, especially in
patients showing lack of effect (5). To date, only a few minor

observational studies (abstracts, monocenter, or <50–100
patients) (19,21–24) and no randomized trials have reported out-
comes in SpA patients treated with secukinumab compared with
a specific TNFi (25). A recent Swiss study reported comparable

Table 3. Response after 6 months of treatment, stratified by drug type and line of treatment*

Line and drug
Responses,
no./total no.†

Adjusted models with OR (95% CI)

Model A‡ Model B§ Model C¶

ASDAS score <2.1
First line
ADA 107/242 1 1 1
CZP 95/234 0.85 (0.58–1.23) 0.63 (0.41–0.97)# 0.66 (0.43–1.02)
ETN 323/695 1.15 (0.85–1.56) 1.12 (0.82–1.53) 1.18 (0.86–1.64)
GOL 85/185 0.99 (0.66–1.47) 1.04 (0.69–1.56) 1.08 (0.72–1.63)
IFX 389/1,065 0.72 (0.54–0.96)# 0.75 (0.55–1.03) 0.77 (0.56–1.06)
SEC 4/17 0.43 (0.13–1.37) 0.47 (0.14–1.55) 0.57 (0.17–1.88)

Second line
ADA 76/233 1 1 1
CZP 33/125 0.75 (0.46–1.24) 0.62 (0.36–1.07) 0.65 (0.37–1.13)
ETN 128/428 0.89 (0.63–1.27) 0.84 (0.58–1.22) 0.92 (0.62–1.35)
GOL 50/126 1.24 (0.79–1.97) 1.11 (0.68–1.80) 1.06 (0.64–1.76)
IFX 113/356 0.95 (0.66–1.36) 0.70 (0.46–1.05) 0.69 (0.46–1.06)
SEC 9/49 0.47 (0.22–1.04) 0.51 (0.23–1.16) 0.57 (0.25–1.31)

Third-plus line
ADA 54/192 1 1 1
CZP 25/154 0.52 (0.30–0.88)# 0.52 (0.30–0.91)# 0.54 (0.30–0.96)#
ETN 56/240 0.79 (0.51–1.23) 0.87 (0.55–1.38) 0.91 (0.57–1.46)
GOL 34/155 0.72 (0.44–1.18) 0.70 (0.42–1.15) 0.68 (0.40–1.14)
IFX 53/264 0.63 (0.41–0.98)# 0.60 (0.38–0.95)# 0.65 (0.41–1.03)
SEC 48/296 0.51 (0.33–0.80)# 0.55 (0.35–0.88)# 0.56 (0.35–0.90)#

BASDAI <40 mm
First line
ADA 199/364 1 1# 1
CZP 122/275 0.67 (0.49–0.93)# 0.57 (0.39–0.82)# 0.61 (0.42–0.88)#
ETN 425/851 0.88 (0.68–1.13) 0.98 (0.75–1.28) 1.07 (0.81–1.41)
GOL 169/302 1.01 (0.74–1.38) 1.02 (0.73–1.41) 1.07 (0.77–1.49)
IFX 465/1,179 0.54 (0.42–0.69)# 0.61 (0.47–0.80)# 0.64 (0.48–0.84)#
SEC 8/24 0.46 (0.19–1.13) 0.56 (0.22–1.44) 0.63 (0.24–1.63)

Second line
ADA 105/283 1 1# 1
CZP 45/146 0.76 (0.49–1.18) 0.62 (0.38–1.02) 0.64 (0.39–1.06)
ETN 157/488 0.79 (0.58–1.08) 0.74 (0.53–1.04) 0.80 (0.56–1.13)
GOL 69/154 1.29 (0.86–1.93) 1.10 (0.71–1.72) 1.05 (0.67–1.67)
IFX 143/376 1.01 (0.73–1.39) 0.78 (0.53–1.13) 0.77 (0.52–1.13)
SEC 22/70 0.80 (0.45–1.41) 0.73 (0.40–1.34) 0.85 (0.46–1.59)

Third-plus line
ADA 67/212 1 1# 1
CZP 36/183 0.54 (0.34–0.87)# 0.53 (0.32–0.89)# 0.55 (0.33–0.93)#
ETN 66/258 0.76 (0.51–1.14) 0.81 (0.53–1.25) 0.86 (0.56–1.34)
GOL 51/187 0.80 (0.51–1.23) 0.76 (0.48–1.20) 0.76 (0.48–1.21)
IFX 70/285 0.71 (0.47–1.05)# 0.68 (0.45–1.04) 0.74 (0.48–1.13)
SEC 72/344 0.57 (0.38–0.84)# 0.59 (0.39–0.89)# 0.62 (0.41–0.95)#

* Results of crude and adjusted logistic regression analyses. 95% CI = 95% confidence interval; ADA = adalimumab;
ASDAS = Ankylosing Spondylitis Disease Activity Score; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index;
CZP = certolizumab pegol; ETN = etanercept; GOL = golimumab; IFX = infliximab; OR = odds ratio;
SEC = secukinumab.
† Only patients contributing a response measure (ASDAS or BASDAI) at 6 months were included.
‡ Adjusted by age and sex.
§ Adjusted by sex and baseline age, C-reactive protein level, Bath Ankylosing Spondylitis Disease Activity Index
score, patient global score on a VAS, and concomitant conventional synthetic disease-modifying antirheumatic
drugs.
¶ Model B, adding baseline comorbidity/extraarticular manifestations; see Supplementary Table 3, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24523/abstract, for details including patient numbers.
# Statistically significant.
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1-year effectiveness of secukinumab versus TNFi in a TNFi-
experienced real-life cohort, with results based on 106 patients
treated with secukinumab, of whom 55 had available 1-year out-
comes (12). The study used a comparison group comprising all
TNFi combined. In that respect, it is of interest that we in the cur-
rent cohort demonstrated considerable variation in effectiveness
within the group of TNFi (13,14). Indeed, whereas comparisons
of secukinumab versus combined TNFi outcomes were not statis-
tically significant, results differed for secukinumab versus adalimu-
mab, which for some comparisons were significant. It was
beyond the scope of this study to further explore within-group
variations between the different TNFi, but our results illustrate that
pooling of TNFi may be too simplistic of an approach when it
comes to disentangling the treatment strategy in SpA.

Our study included 2,725 patients in whom at least 2 TNFi
had previously failed. Difficult-to-treat SpA patients in whom
numerous biologics are failing are only sparsely described and
usually not favored for inclusion in randomized comparative
trials. Thus, little is known on how to approach this challenging
patient group. The MEASURE 2 placebo-controlled study pre-
ceding the marketing of secukinumab included 72 patients with
ankylosing spondylitis, of whom 39% had previously failed 1 TNFi
(26). In the third-plus treatment group, we found that response
rates were generally low (12–25% for ASDAS response at
6 months) regardless of drug. In this situation, patients treated
with secukinumab had a 50% higher withdrawal rate and
40–45% lower odds for response than adalimumab. However,
some important aspects of the study should be considered in
the interpretation of our results.

Secukinumab was marketed later than the TNFi. It is possible
that channeling occurred (i.e., patients in whom numerous TNFi
failed ended up receiving secukinumab), leading to poorer out-
comes. Thus, although baseline disease duration upon treatment
start appeared similar across treatments, ≥3 prior TNFi had failed
in 25% of patients treated with secukinumab. In the present
study, all models were performed stratified by line of treatment.
In the third-plus group, adding the number of previous biologics
to the multivariate models did not change the results. Further-
more, there is always a risk of misdiagnosis or concomitant fibro-
myalgia in patients nonresponsive to therapy (27). We had no
reason to suspect these challenges to be unevenly distributed in
the secukinumab and adalimumab groups, but patients treated
with secukinumab tended to have slightly higher pain and global
scores at treatment start.

Comorbidities and extraarticular manifestations could have
an impact due to risk of confounding. Psoriasis was more fre-
quent in patients treated with secukinumab irrespective of treat-
ment line, most likely because secukinumab was available for
psoriasis before it was approved for SpA and due to favorable
outcomes in psoriasis (28). Similarly, adalimumab was more fre-
quently used among patients with prior uveitis and inflammatory
bowel disease, manifestations for which the effectiveness of

secukinumab is still unclear (29,30). Potential treatment decisions
due to flares in these extraarticular manifestations are not uni-
formly captured in the registries and could potentially have
affected the results. Although adjustment for these comorbidities
in the multivariable analyses did not markedly change results,
residual confounding remains a risk.

The observational design of the present study with the inclu-
sion of patients from 5 different countries might have resulted in
heterogeneous disease presentations. We have previously shown
that disease presentation and the threshold for starting biologic
treatment vary across the Nordic countries (15). Although adding
country as a covariate in the multivariable analyses did not change
the associations under study, residual confounding cannot be
ruled out. Furthermore, neither TNFi nor secukinumab dosage
was uniformly available, and the use of different doses (e.g., secu-
kinumab 150 mg versus 300 SC every 4 weeks), including dose
titration during follow-up, might have affected results.

This study has several strengths to consider, first and fore-
most, the high number of treatment courses registered prospec-
tively in routine care and the subsequent linkage to national
registries providing valid information on comorbidities. This pro-
vided us with the possibility of exploring prior extraarticular mani-
festations and other comorbidities as possible confounders and
adjusting for these in multivariate analyses. It is a limitation that
comorbidities exclusively diagnosed in primary care were not
included; thus, mainly severe comorbid conditions were identi-
fied. Assessment of psoriasis-related disease activity (e.g., the
Psoriasis Area and Severity Index), uveitis flares, and bowel symp-
toms is not routinely registered in the biologics registries contrib-
uting to this study. Thus, we could not evaluate whether flares of
extraarticular manifestations affected the treatment strategy,
including the decision to stop treatment early. Furthermore,
enthesitis is not routinely registered. Impact of missing data was
minimized by adding missingness as a separate category in the
multivariable analyses but might still have affected results,
although analyses from a complete case scenario provided very
similar results. Reassuringly, the baseline characteristics of
patients with and without 6-month outcome data were very simi-
lar, indicating no systematic differences.

In conclusion, secukinumab was mainly prescribed in
biologics-experienced SpA patients in this study based on
>10,000 treatment courses from 5 Nordic countries. Outcomes
in difficult-to-treat patients in whom >2 prior biologics had failed
were generally poor and slightly poorer for secukinumab versus
adalimumab but similar for other TNFi. Our data did not suggest
that secukinumab was superior to adalimumab or other TNFi after
failure of a previous TNFi.
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Secukinumab and Sustained Reduction in Fatigue in Patients
With Ankylosing Spondylitis: Long-Term Results of Two
Phase III Randomized Controlled Trials

Tore K. Kvien,1 Philip G. Conaghan,2 Laure Gossec,3 Vibeke Strand,4 Mikkel Østergaard,5

Denis Poddubnyy,6 Nicole Williams,7 Brian Porter,8 Abhijit Shete,9 Isabelle Gilloteau,9 and Atul Deodhar10

Objective. To investigate the longer-term effects of secukinumab 150 mg on fatigue in patients with ankylosing
spondylitis (AS) in the MEASURE 1 study (up to 3 years) and the MEASURE 2 study (up to 2 years).

Methods. Patients with active AS were randomized to secukinumab or placebo in MEASURE 1 (10 mg/kg
intravenous [IV] followed by 150 mg subcutaneous) and MEASURE 2 (150 mg subcutaneous). Patients were naive to
treatment with anti–tumor necrosis factor (anti-TNF-naive) therapy or had an inadequate response/intolerance to
anti-TNF therapy (anti-TNF-IR). Fatigue was measured using the Functional Assessment of Chronic Illness Therapy–
Fatigue (FACIT-F) scale. Relationships between fatigue response and baseline characteristics and clinical/laboratory
variables were explored.

Results. Significant improvements in FACIT-F scores from baseline were observed with secukinumab across both
studies versus placebo at week 16 (P < 0.05). Improvements were sustained through week 156 (MEASURE 1) and
week 104 (MEASURE 2). Significantly more patients reported fatigue responses (FACIT-F improvement ≥4; observed
data) with secukinumab 150 mg than with placebo at week 16 in both MEASURE 1 (P < 0.05) and MEASURE
2 (P < 0.01). Fatigue responses were achieved by 75.6% of patients receiving secukinumab at week 156 (MEASURE
1) and 81.4% at week 104 (MEASURE 2); these results were consistent in patients who were anti-TNF-naive (74.3%
and 84.6%, respectively) and anti-TNF-IR (81.3% and 75.0%, respectively). Baseline characteristics did not predict
improvement in fatigue consistently. Fatigue responses were moderately to strongly correlated with responses in
several clinical measures, including the Assessment of SpondyloArthritis international Society (ASAS) 20%/40%
improvement, ASAS5/6 responses, the Ankylosing Spondylitis Disease Activity Score with C-reactive protein level,
the Bath Ankylosing Spondylitis Disease Activity Index, and the Short Form 36 health questionnaire scores.

Conclusion. Secukinumab provided rapid and sustained improvements in fatigue for up to 3 years, regardless of
prior anti-TNF exposure.

INTRODUCTION

Ankylosing spondylitis (AS) is a chronic inflammatory condi-

tion predominantly affecting the spine and sacroiliac joints, which,

if left untreated, can lead to progressive structural and functional

impairment (1).

The main goals of AS therapy are to maximize long-term

health-related quality of life (HRQoL) “through control of symp-

toms and inflammation, prevention of progressive structural dam-

age, and preservation/normalization of function and social

participation” (2). Fatigue is reported in up to 66% of patients with

AS (3) and has been identified as a key patient priority in the
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treatment of AS (4). Many patients report that fatigue negatively

impacts HRQoL and social functioning (5–7); thus, reducing this

symptom remains an important unmet need in AS.
Interleukin-17A (IL-17A) is one of the key cytokines driving

the pathogenesis of AS (8). Secukinumab, a fully human mono-
clonal antibody that selectively binds to and inhibits IL-17A (9),
is approved for the treatment of AS (10) based on the
results of 2 randomized, double-blind, placebo-controlled, phase
III trials, MEASURE 1 (NCT01358175 and NCT01863732) and
MEASURE 2 (NCT01649375), that demonstrated significant im-
provements in the signs and symptoms of AS with secukinumab
versus placebo (11).

Secukinumab has previously been shown to provide rapid
improvements in fatigue (12). The aim of the current analysis of
data from the MEASURE 1 and MEASURE 2 studies was to
investigate the longer-term effects of the approved dose of secu-
kinumab (150 mg) on fatigue in patients with AS who were naive
to tumor necrosis factor (TNF) inhibitor therapy (anti-TNF-naive)
or who had a previous inadequate response to or intolerance of
TNF inhibitors (anti-TNF-IR). Potential predictors of fatigue
response and the relationship between fatigue and other clinical
response measures were also assessed.

PATIENTS AND METHODS

Participants. Detailed enrollment criteria and trial designs
for MEASURE 1 and MEASURE 2 have been previously
described (11). Inclusion criteria were the same for both trials.
Briefly, patients were enrolled if they were age ≥18 years, had
AS as defined by the modified New York criteria, had an inade-
quate response to or intolerance of nonsteroidal antiinflammatory
drugs, and either had no previous treatment with anti-TNF ther-
apy or an inadequate response/intolerance to not >1 anti-TNF
agent. Exclusion criteria included total spinal ankylosis and active
and ongoing systemic infections or inflammatory conditions, other
than AS.

Trial design. Patients were randomized to secukinumab
75 mg, 150 mg, or placebo in both trials (intravenous loading,
followed by subcutaneous maintenance dosing in MEASURE
1, and subcutaneous loading and maintenance dosing in
MEASURE 2). At week 16 (or week 24 in MEASURE 1, depend-
ing on Assessment of SpondyloArthritis international Society
[ASAS] 20% improvement response [ASAS20]), placebo
patients were re-randomized to secukinumab. At week 104 of
MEASURE 1, patients were invited to enter a long-term exten-
sion study for up to 3 additional years, continuing on the same
treatment. Efficacy data from patients receiving secukinumab
75 mg are not presented in this article, as this dose is not
approved.

SIGNIFICANCE & INNOVATIONS
• In this exploratory analysis of 2 phase III random-

ized placebo-controlled trials (MEASURE 1 andMEA-
SURE 2), treatment with secukinumab provided
rapid improvements in fatigue (assessed using the
Functional Assessment of Chronic Illness Therapy–
Fatigue scale) that were sustained for up to 3 years
in patients with active ankylosing spondylitis (AS);
improvements were particularly prominent in
patients who were naive to anti–tumor necrosis fac-
tor therapy.

• Fatigue responses correlated with responses in sev-
eral other clinical measures, including signs and
symptoms (Assessment of SpondyloArthritis interna-
tional Society [ASAS] 20% improvement, ASAS 40%
improvement, and ASAS5/6 responses), disease activ-
ity (Ankylosing Spondylitis Disease Activity Score with
C-reactive protein level and Bath Ankylosing Spondy-
litis Disease Activity Index), and health-related quality
of life (HRQoL; Short Form 36 health questionnaire
scores), highlighting the close links between fatigue
and other key aspects of disease.

• Efficacy in treating fatigue adds to the existing evi-
dence base for secukinumab in AS, which already
includes significant and sustained improvements in
signs and symptoms, physical function, and HRQoL.
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The studies were conducted in accordance with the Decla-
ration of Helsinki (13). The institutional review board or indepen-
dent ethics committee at each participating center approved
the protocols. Written and informed consent was obtained for
all patients.

Outcome measures. Improvements in fatigue, an explor-
atory endpoint of the MEASURE 1 and 2 trials, were evaluated
using the Functional Assessment of Chronic Illness Therapy–
Fatigue (FACIT-F) scale, a 13-item questionnaire that assesses
self-reported fatigue and its impact on daily activities and function
on a scale of 0–52, with higher scores indicating less fatigue (14).
Assessments were performed at baseline and at weeks 4, 8,
12, 16, 24, 52, and 104 in both trials, and at week 156 in the
MEASURE 1 extension. A fatigue response was defined as an
improvement (increase) of ≥4 points in the FACIT-F score, corre-
sponding to the minimum clinically important difference (14). Pos-
sible relationships between baseline characteristics and fatigue
responses were explored using pooled data from MEASURE
1 and MEASURE 2. Prespecified subgroup analyses on the basis
of anti-TNF response status (anti-TNF-naive or anti-TNF-IR) were
performed for FACIT-F scores at weeks 16, 24, 52, and 104 for
both trials, and at week 156 for the MEASURE 1 extension.

Statistical methods. Statistical analyses were performed
using the software package SAS, version 9.4. Detailed sample
size calculations have been previously reported (11). The mean
change in FACIT-F score from baseline up to week 104 or
156 was assessed using a mixed model for repeated measures
(MMRM) approach. Treatment regimen, analysis visit, and ran-
domization stratum (anti-TNF-naive or anti-TNF-IR) were included

as factors in the model, with weight and baseline score as contin-
uous covariates, and treatment by analysis visit and baseline
score by analysis visit as interaction terms, as well as an unstruc-
tured covariance structure. The proportions of patients with a
fatigue response are presented as observed and were compared
using Fisher’s exact test.

A multivariate logistic regression model was used to explore
the association between fatigue responses (dependent variable)
and selected demographic and clinical baseline independent
variables (age, sex, TNF inhibitor status, FACIT-F score, Bath
Ankylosing Spondylitis Disease Activity Index [BASDAI] total
score, Bath Ankylosing Spondylitis Functional Index [BASFI]
score, swollen/tender 44-joint count, patient global assessment
of disease [visual analog scale (VAS)], spinal pain assessment,
C-reactive protein [CRP] level, Ankylosing Spondylitis Disease
Activity Score [ASDAS] with CRP level, and disease duration) at
weeks 16, 52, and 104. Univariate linear regression models were
also conducted for absolute FACIT-F scores at week 16 and
week 104, with response variable and selected baseline factors
as predictors.

Possible correlations between dichotomized clinical response
measures and fatigue response at week 16 (the primary endpoint
for clinical responses) and at weeks 52 and 104 were examined
using polychoric (used to calculate the correlation coefficients
between ordinal variables) and polyserial (used for an ordinal dis-
crete variable and a continuous variable) correlation coefficients.
The following were evaluated: ASAS20 and ASAS40 response,
ASAS5/6 response, ASAS partial remission, ASDAS-CRP major
improvement, BASDAI 50, Work Productivity and Activity Impair-
ment (WPAI) change from baseline in percentage of overall work
impairment due to health, WPAI change from baseline in

Table 1. Demographic and baseline characteristics of patients from MEASURE 1 study and MEASURE 2 study included in the analysis*

MEASURE 1 MEASURE 2

Characteristics
SEC IV, 150 mg

(n = 125)
Placebo
(n = 122)

SEC, 150 mg
(n = 72)

Placebo
(n = 74)

Age, years 40.1 � 11.6 43.1 � 12.4 41.9 � 12.5 43.6 � 13.2
Female, no. (%) 41 (32.8) 37 (30.3) 26 (36.1) 18 (24.3)
Weight, kg 74.7 � 16.2 76.7 � 14.4 82.3 � 18.0 80.3 � 15.2
Time since AS diagnosis, years 6.5 � 6.9 8.3 � 8.9 7.0 � 8.2 6.4 � 8.9
Anti-TNF-naive, no. (%) 92 (73.6) 89 (73.0) 44 (61.1) 45 (60.8)
MTX use at randomization, no. (%) 17 (13.6) 16 (13.1) 8 (11.1) 9 (12.2)
hsCRP, median (range) mg/liter 7.4 (0.2–147.7) 7.9 (0.2–146.8) 7.5 (0.4–237.0) 8.3 (0.5–84.6)
PtGA VAS (0–100 mm) 64.0 � 19.4 66.3 � 18.6 67.5 � 16.8 70.5 � 15.8
BASDAI total score 6.4 � 1.6 6.5 � 1.5 6.6 � 1.5 6.8 � 1.3
BASFI score 5.6 � 2.2 5.8 � 2.0 6.2 � 2.1 6.1 � 2.0
Swollen 44-joint count at baseline 2.3 � 4.4 2.3 � 4.1 1.6 � 3.3 2.0 � 5.3
Tender 44-joint count at baseline 5.5 � 7.7 6.5 � 8.4 5.5 � 7.6 4.8 � 7.7
Subject spinal pain assessment 64.0 � 18.6 66.7 � 16.5 66.2 � 16.7 69.2 � 18.8
ASDAS-CRP 3.6 � 0.9 3.7 � 0.9 3.7 � 0.9 3.8 � 0.8
FACIT-F score 25.6 � 10.7 24.5 � 9.4 22.6 � 8.8 24.3 � 9.0

* Values are the mean � SD unless indicated otherwise. Anti-TNF = anti–tumor necrosis factor; AS = ankylosing spondylitis; ASDAS-
CRP = Ankylosing Spondylitis Disease Activity Score with C-reactive protein; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index;
BASFI = Bath Ankylosing Spondylitis Functional Index; FACIT-F = Fatigue Functional Assessment of Chronic Illness Therapy–Fatigue;
hsCRP = high-sensitivity CRP; IV = intravenous; MTX = methotrexate; PtGA = patient global assessment; SEC = secukinumab; TNF = tumor
necrosis factor; VAS = visual analog scale.
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percentage of impairment while working due to health, hemoglo-
bin, patient’s total back pain intensity VAS, and the Short Form
36 (SF-36) health questionnaire mental component score (MCS)
and physical component score (PCS). FACIT-F scores were strati-
fied by selected clinical response measures. Degrees of associa-
tion between clinical response measures were determined based
on Cohen’s criteria for correlation coefficients, in which 0.1–0.29
indicates a weak association, 0.3–0.49 indicates a moderate
association, and ≥0.5 indicates a strong association. Analyses of
fatigue are presented separately from MEASURE 1 (up to
104 weeks), MEASURE 1 extension (156 weeks), and MEASURE
2 (up to 104 weeks) for the approved dose of secukinumab
(150 mg).

RESULTS

Baseline characteristics. In MEASURE 1, of the
125 patients randomized to secukinumab 150 mg at baseline,

97 (77.6%) completed the 2-year core trial; 87 of these patients
entered the extension study, of which 83 patients (95.4%) com-
pleted week 156. In MEASURE 2, of the 72 patients random-
ized to secukinumab 150 mg at baseline, 60 patients (83.3%)
completed week 104. Patient demographics and baseline char-
acteristics were comparable across groups (Table 1). The
majority of patients were male (~70%), and ~70% were anti-
TNF-naive and 30% were anti-TNF-IR across both trials. Mean
FACIT-F scores were low at baseline in both studies (range
22.6–25.6 across MEASURE 1 and MEASURE 2), indicating
severe fatigue.

Fatigue: overall populations. In this analysis, the least
mean squares improvements in FACIT-F total scores from base-
line were significantly higher with secukinumab 150mg compared
with placebo at week 16 in both MEASURE 1 and MEASURE
2 (MMRM: P < 0.001 [MEASURE 1] and P < 0.01 [MEASURE 2])
for secukinumab 150 mg versus placebo (Figure 1). Signficant

Figure 1. Least mean squares (LS) change from baseline in Functional Assessment of Chronic Illness Therapy–Fatigue scores in overall popula-
tions of A, MEASURE 1, and B, MEASURE 2 (mixed model repeated-measures analysis). Broken lines indicate minimum clinically important differ-
ence. * = P < 0.05; † = P < 0.0001; ‡ = P < 0.001; § = P < 0.01 versus placebo. IV = intravenous; N = number of randomized patients; n = number
of patients in treatment group with evaluation.
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improvements from baseline in FACIT-F total scores were
reported as early as week 4 (the first postbaseline assessment)
with secukinumab 150 mg in both studies. Improvements were
sustained up to week 156 in the MEASURE 1 extension and week
104 in MEASURE 2 (observed data) (Figure 1).

Significantly more patients reported fatigue responses with
secukinumab 150 mg than placebo at week 16 in both trials

(observed data; both P < 0.01 in MEASURE 1 and MEASURE 2)
(Figure 2). Fatigue responses were sustained in 75.6% of patients
through week 156 in the MEASURE 1 extension and 81.4%
through week 104 in MEASURE 2 (observed data) (Figure 2).

Fatigue: anti-TNF-naive and anti-TNF-IR patients.
Improvements in FACIT-F scores were reported with

Figure 2. Fatigue responses in the overall populations of A, MEASURE 1, and B, MEASURE 2 (data shown as observed). Fatigue response was
defined as an increase from baseline of ≥4 points in the Functional Assessment of Chronic Illness Therapy–Fatigue score. § = P < 0.01 versus placebo.
IV = intravenous; m = total number of patients in treatment groupwith evaluation; n = number of patients whowere responders; SEC = secukinumab.

Figure 3. Fatigue responses over time. A, Anti–tumor necrosis factor (anti-TNF) naive, and B, Anti-TNF inadequate responder (IR) patients in
MEASURE 1;C, Anti-TNF-naive, andD, Anti-TNF-IR patients in MEASURE 2 (data shown as observed). Fatigue response was defined as an increase
from baseline of ≥4 points in the Functional Assessment of Chronic Illness Therapy–Fatigue score. § = P < 0.01 versus placebo. IV = intravenous;
m = total number of patients in treatment group with evaluation; n = number of patients who were responders; SEC = secukinumab.
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secukinumab treatment in both MEASURE 1 and MEASURE
2, regardless of anti-TNF treatment status (observed data; see
Supplementary Figure 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24517/abstract). In MEASURE 1, least mean squares
improvements from baseline in FACIT-F scores were reported
with secukinumab 150 mg at week 16 in anti-TNF-naive patients
(MMRM: 8.42 versus 2.95 with placebo; P < 0.0001) and anti-
TNF-IR patients (MMRM: 3.61 versus 2.57 with placebo;
P = 0.68); however, these improvements only reached statistical
significance in the anti-TNF-naive group. Observed improve-
ments were sustained or further increased up to week
156 (MMRM: 9.57 and 9.28 in anti-TNF-naive and anti-TNF-IR
patients, respectively). Similarly, in MEASURE 2, improvements
in least mean squares FACIT-F scores from baseline were evident
with secukinumab in both anti-TNF-naive (MMRM: week 16: 9.96
versus 5.15 with placebo [P = 0.01]; week 104: 9.85) and anti-
TNF-IR patients (MMRM: week 16: 5.66 versus 0.54 with placebo
[P = 0.0560]; week 104: 9.13), although they only reached statis-
tical significance in the anti-TNF-naive group.

At week 16 in both MEASURE 1 and MEASURE 2, the pro-
portions of anti-TNF-naive patients reporting fatigue responses
were significantly greater with secukinumab versus placebo
(observed data; P < 0.01); more anti-TNF-IR patients receiving
secukinumab reported fatigue responses at week 16 versus pla-
cebo, although differences were not statistically significant
(observed data) (Figure 3). The proportions of patients reporting
fatigue responses were sustained in both studies through weeks
104 and 156 (observed data) (Figure 3). Fatigue responses were

numerically higher in anti-TNF-naive patients than anti-TNF-IR
patients, particularly at week 16 in the MEASURE 2 study.

Association between other variables and fatigue
response. Baseline predictors of fatigue response. Results of
univariate linear regression models demonstrated that several
baseline factors, including age, sex, BASDAI score, inadequate
responses to anti-TNF, and SF-36 PCS and MCS scores were
predictive of absolute FACIT-F scores at week 16 (see Supple-
mentary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24517/
abstract) and week 104 (see Supplementary Table 2, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24517/abstract).

In multivariate logistic regression analysis, although no base-
line or disease characteristics predicted improvement in fatigue
across all time points assessed, several variables were noted to
be predictive at either week 16 (see Supplementary Table 3, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24517/abstract) or week
104 (Table 2). At week 16, older patients had significantly lower
odds of fatigue responses and patients with higher baseline
ASDAS-CRP had significantly increased odds of fatigue
responses (P < 0.05 for both, see Supplementary Table 3, avail-
able at http://onlinelibrary.wiley.com/doi/10.1002/acr.24517/
abstract). No baseline or disease characteristics were significant
predictors for fatigue responses at week 52 (data not shown).
BASFI and FACIT-F scores at baseline were identified as signifi-
cant predictive factors for achieving fatigue responses at week
104; no other predictors were identified (Table 2). Anti-TNF-IR

Table 2. Multivariate logistic regression analysis examining baseline predictors of FACIT-F response at
week 104 in a pooled population from MEASURE 1 study and MEASURE 2 study*

Baseline variable Odds ratio (95% CI) P

Age (est. odds ratio for a 10-unit increase) 0.882 (0.711–1.094) 0.252
Female 0.603 (0.336–1.081) 0.089
Anti-TNF-IR 1.007 (0.552–1.834) 0.983
FACIT-F score at baseline 0.897 (0.864–0.931) <0.0001†
BASDAI total score at baseline 1.111 (0.828–1.492) 0.482
BASFI score at baseline 0.752 (0.631–0.895) 0.0014†
Swollen 44-joint count at baseline 0.977 (0.889–1.075) 0.637
Tender 44-joint count at baseline 0.998 (0.953–1.045) 0.927
Patient global assessment VAS at baseline 0.992 (0.972–1.014) 0.479
Patient spinal pain assessment at baseline 1.008 (0.987–1.029) 0.449
CRP, mg/liter at baseline 1.001 (0.984–1.018) 0.911
ASDAS-CRP at baseline 1.690 (0.919–3.110) 0.092
Disease duration, time since diagnosis 1.007 (0.975–1.040) 0.682

* P values are from a multivariate logistic regression model with baseline factors including age, sex, tumor
necrosis factor (TNF) inhibitor status, Fatigue Functional Assessment of Chronic Illness Therapy–Fatigue
(FACIT-F) score at baseline, Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) total score, Bath
Ankylosing Spondylitis Functional Index (BASFI) score, swollen 44-joint count, tender 44-joint count, patient
global assessment (visual analog scale [VAS]), patient spinal pain assessment, C-reactive protein (CRP) level,
Ankylosing Spondylitis Disease Activity Score with CRP (ASDAS-CRP), and disease duration. Patients ran-
domized to secukinumab 75 mg or 150 mg or placebo are included. The model includes N = 402 observa-
tions. Fatigue response was defined as an increase from baseline of ≥4 points in the FACIT-F score.
Parameter estimates and odds ratios apply to a 1-unit increase in all continuous variables unless otherwise
specified. 95% CI = 95% confidence interval; Anti-TNF-IR = anti-TNF inadequate responder.
† P values < 0.05.
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status was not a significant predictor of fatigue responses based
on regression analysis.

Association between clinical/laboratory variables and fatigue
response. Correlation analyses based on pooled data from both
trials revealed moderate positive correlations (correlation coeffi-
cients 0.33–0.49) between fatigue responses and ASAS partial
remission at weeks 16, 52, and 104, and ASDAS-CRP major
improvements at week 104. Strong correlations (correlation coef-
ficients 0.52–0.71) were observed between fatigue and ASAS20,
ASAS40, ASAS5/6 responses, and BASDAI 50 at weeks 16, 52,
and 104, and ASDAS-CRP major improvements at weeks
16 and 52 (Table 3). No correlations were observed with hemo-
globin levels, while moderate negative correlations were observed
between fatigue and total back pain VAS and SF-36 scores, and
moderate to strong negative correlations were observed for WPAI
change from baseline (in percentage of overall work impairment
and impairment while working due to health). There were signifi-
cant differences in FACIT-F scores between responders and non-
responders across selected clinical response measures, including
ASAS20, ASAS40, ASAS5/6, ASAS partial remision, ASDAS

inactive disease, and BASDAI 50 (see Supplementary Table 4,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24517/abstract).

DISCUSSION

Secukinumab treatment provided rapid and sustained
improvements in fatigue for up to 3 years in the MEASURE
1 and MEASURE 2 randomized controlled trials (RCTs). Reducing
fatigue, one of the most common symptoms in patients with AS,
represents an important unmet need. Patients with AS have lower
employment rates and experience more absenteeism from work
than the general population (15). Fatigue has also been shown
to contribute to reduced work productivity (16,17) and is one of
the key treatment priorities for patients with AS (4). Previous
short-term studies (ranging from 12 to 24 weeks) evaluating the
effects of other therapies including adalimumab, etanercept, and
infliximab have reported improvements in fatigue from baseline
following treatment (18–20); however, to date, long-term data on
the effects of biologic treatment on fatigue have been lacking.

Table 3. Correlations between fatigue responses at weeks 16, 52, and 104 and measures of
clinical response at the corresponding time points in a pooled population from MEASURE 1
study and MEASURE 2 study*

Measure of clinical response Week 16 Week 52 Week 104

ASAS20 response 0.66 0.62 0.70
ASAS40 response 0.71 0.57 0.60
ASAS5/6 response 0.62 0.52 0.58
ASAS partial remission 0.44 0.46 0.33
ASDAS-CRP major improvement 0.56 0.60 0.49
BASDAI 50 0.55 0.52 0.52
WPAI change from baseline in percentage
of overall work impairment due to health

–0.47 –0.50 –0.51

WPAI change from baseline in percentage of
impairment while working due to health

–0.49 –0.50 –0.55

Hemoglobin, gm/liter –0.04† 0.02† –0.08†
Patient’s total back pain intensity VAS 0.47 0.41 0.38
SF-36 MCS –0.41 –0.35 –0.36
SF-36 PCS –0.42 –0.42 –0.35

* Values are the correlation coefficient. All P < 0.01 except for hemoglobin (P values calcu-
lated by the chi-square likelihood ratio test). Fatigue response was defined as an increase
from baseline of ≥4 points in the Fatigue Functional Assessment of Chronic Illness Therapy–
Fatigue score. Polychoric correlations (used to calculate the correlation coefficients between
ordinal variables) were calculated for ASAS20, ASAS40, ASAS5/6, and ASAS partial remission,
Ankylosing Spondylitis Disease Activity Score with C-reactive protein ≥2.0 (ASDAS-CRP) major
improvement, and 50% improvement in Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI 50) score. Polyserial correlations (used to calculate the correlation coefficients
between an ordinal discrete variable and a continuous variable) were calculated for Work
Productivity and Activity Impairment (WPAI) percentage of overall work impairment due to
health and WPAI percentage of impairment while working due to health. Degrees of associa-
tion between variables were determined based on Cohen’s criteria for correlation coeffi-
cients (0.1–0.29 = weak association, 0.3–0.49 = moderate association, and ≥ 0.5 = strong
association). ASAS20 = Assessment of SpondyloArthritis international Society 20% improve-
ment and absolute improvement of at least 1 unit (scale 0–10) in ≥3 of the 4 main ASAS
domains, with no worsening by ≥20% in the remaining domain; ASAS40 = 40% improvement
and absolute improvement of ≥2 units (scale 0–10) in ≥3 of the 4main ASAS domains, with no
worsening in the remaining domain; ASAS5/6 = ≥20% improvement in 5 of the 6 ASAS
response criteria; ASAS partial remission = score ≤2 units (scale 0–10) in each of the 4 core
ASAS domains; MCS = mental component score; PCS = physical component score; SF-
36 = Short Form 36; VAS = visual analog scale.
† P values were not < 0.05.
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Baseline fatigue levels were high in both MEASURE 1 and
MEASURE 2, highlighting the need for better control of fatigue,
among other symptoms of AS. Previously, secukinumab has
been shown to rapidly improve signs and symptoms, physical
function, HRQoL, and fatigue in patients with AS (11, 12, 21), with
a low long-term rate of structural progression as measured by the
modified Stoke Ankylosing Spondylitis Spinal Score (22). Results
presented here build upon these findings, demonstrating signifi-
cant and sustained improvements in fatigue, as measured using
the FACIT-F score, compared with placebo in the overall popula-
tion and particularly in the anti-TNF-naive population for up to
3 years. Across both trials, although fatigue responses were
numerically greater in both anti-TNF-naive and anti-TNF-IR
patients treated with secukinumab 150 mg compared with pla-
cebo, statistical significance was only evident in the anti-TNF-
naive subgroup. However, the small numbers of patients in the
anti-TNF-IR subgroups limit interpretation of these results; fur-
thermore, these patients had previously failed treatment with
1 anti-TNF therapy, thus reflecting a more challenging population
to treat. Whether prior treatment with anti-TNF therapy changes
the course of disease or whether this is simply a more refractory
patient population is not known; this question remains an area of
further research.

In multivariate logistic regression analyses, age, prior treat-
ment with anti-TNF therapy and FACIT-F, BASDAI, and ASDAS-
CRP scores at baseline were significant predictors of short-term
fatigue responses at week 16, and BASFI and FACIT-F scores of
long-term fatigue responses at week 104. Univariate regression
analyses showed that several baseline factors were predictive
for short- and long-term absolute FACIT-F scores, including age,
sex, BASDAI score, anti-TNF status, and HRQoL (SF-36 scores).
Fatigue responses were moderately to strongly correlated with
responses in several clinical measures, including ASAS20,
ASAS40, ASAS5/6 responses, ASDAS-CRP, BASDAI score,
and SF-36 PCS and MCS scores, highlighting the link between
fatigue and other measures of disease in AS. Correlations
between the FACIT-F, BASDAI, and SF-36 scores are to be
expected owing to conceptual overlaps between these question-
naires (14,23,24) but serve to support the clinical relevance and
reliability of these metrics in assessing and monitoring fatigue in
patients with AS. Moderate to strong correlations were observed
between WPAI outcomes and fatigue responses. This finding
would appear consistent with reports in patients with rheumatoid
arthritis where correlations between work productivity and fatigue
levels have been observed (25).

Potential limitations of this study include the lack of a control
group after week 16, the fact that long-term fatigue response data
are presented as observed (missing data were not imputed), and
the potential selection bias toward patients who elected to remain
on long-term secukinumab treatment. However, retention of
patients receiving secukinumab was high through 3 years, and
withdrawals due to lack of efficacy were rare (26). Some

FACIT-F questionnaire items are known to have the potential for
misinterpretation due to their phrasing or limited relevance to the
concept of fatigue in the context of arthritis (27). However, this
questionnaire covers a range of fatigue concepts in easy-to-
understand language and has been shown to confer good inter-
nal consistency and reliability, construct and criterion validity,
and sensitivity to change (27), hence its selection for this investi-
gation. In conclusion, results of the current analyses from 2 phase
III RCTs showed that secukinumab 150 mg provided rapid and
sustained reductions in fatigue through up to 3 years in patients
with AS that were particularly prominent in patients who were
anti-TNF-naive.
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Long-Term Association Between Disease Activity
and Disability in Early Axial Spondyloarthritis: Results
From a Prospective Observational Study of Inflammatory
Back Pain

Pedro D. Carvalho,1 Adeline Ruyssen-Witrand,2 Ana Marreiros,3 and Pedro M. Machado4

Objective. Our primary objective was to study the long-term association between disease activity and disability in
axial spondyloarthritis (SpA). Our secondary objective was to define patient profiles according to their level of disability.

Methods. We analyzed data collected during the first 5 years of follow-up of a large early axial SpA cohort, the
Devenir des Spondylarthropathies Indifferénciées Récentes (DESIR) cohort. Multivariable models were built to study
the association between the Health Assessment Questionnaire for Ankylosing Spondylitis (HAQ-AS) and the Ankylos-
ing Spondylitis Disease Activity Score with C-reactive protein (ASDAS-CRP), adjusting for potential confounders. Hier-
archical multivariable analysis was conducted using the chi-square automatic interaction detector (CHAID) method, to
help determine how variables best cluster to explain HAQ-AS.

Results. Data from 644 patients and 5,152 visits were analyzed. HAQ-AS was longitudinally, independently, and
positively associated with ASDAS-CRP (adjusted B [adjB] 0.205 [95% confidence interval (95% CI) 0.187, 0.222]), the
enthesitis score (adjB 0.011 [95% CI 0.008, 0.015]), the Bath Ankylosing Spondylitis Metrology Index (adjB 0.087
[95% CI 0.069, 0.105]), and female sex (adjB 0.172 [95% CI 0.120, 0.225]). The CHAID decision tree revealed
ASDAS-CRP as the first variable with discriminative power on HAQ-AS. The cutoffs that separated different patient dis-
ability profiles were obtained.

Conclusion. Disease activity contributes longitudinally to disability and is hierarchically superior to any other vari-
able in explaining this health domain. Enthesitis and spinal mobility are also key drivers of disability in early axial SpA.
ASDAS-CRP cutoffs that separated different patient disability profiles largely mimicked the cutoffs previously defined
for ASDAS-CRP disease activity states.

INTRODUCTION

The broad spectrum of manifestations in axial spondyloar-

thritis (SpA) has the potential to impair several health out-

comes. The major contributors to this impairment are patient

pain, local tenderness, joint swelling, stiffness, fatigue, muscle

spasm, and mobility loss, in addition to other associated

comorbidities that may interfere with the impact of the disease.

To fully understand the impact of such conditions, patients,

physicians, and investigators must recognize the complex and

heterogeneous relationships between the several involved

health domains (1–3).
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In a proposed stratified model for health outcomes in axial
SpA, disability was shown to be hierarchically inferior to health-
related quality of life and hierarchically superior to disease activity
and spinal mobility (4). The association between disability and
impairment of spinal mobility (5–7) as well as with disease
activity (8–10) has been reported mainly in patients with ankylos-
ing spondylitis (AS) with established disease. Furthermore, longi-
tudinal studies are scarce.

The Ankylosing Spondylitis Disease Activity Score with
C-reactive protein (ASDAS-CRP) has been progressively replacing
the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)
as the main disease activity measure to assess patients with axial
SpA, both in the research context as well as in clinical practice
(11,12). However, further evidence is needed to demonstrate its
meaningfulness regarding the longitudinal relationship with disabil-
ity, particularly in the early axial SpA subgroup. The Assessment
of SpondyloArthritis international Society has proposed ASDAS-
CRP cutoffs to define different disease activity states in axial SpA
(13). These definitions were also endorsed by the Outcome Mea-
sures in Rheumatology (14) group, and the nomenclature of
ASDAS-CRP disease activity states was recently revised (15).
These cutoffs were shown to perform well in the differentiation of
patients with different levels of disease activity according to several
external constructs, but the capacity of the cutoffs to longitudinally
differentiate between distinct patients’ disability profiles has not
been assessed yet. Several other clinical and demographic vari-
ables such as sex (16), body mass index (BMI) (16,17), and
employment status (18) have also been described as being associ-
ated with disability in patients with axial SpA.

The objective of the current study was to assess the long-
term association between disease activity and disability in early
axial SpA, and to determine which other cofactors influence dis-
ability. We also aimed to describe the hierarchical relationship of
variables that contribute to disability and to define ASDAS-CRP

cutoffs capable of defining different profiles of patients regarding
their disability status.

PATIENTS AND METHODS

Study population. We analyzed 5-year follow-up data
from the Devenir des Spondylarthropathies Indifferénciées
Récentes (DESIR) cohort, which is a prospective observational
study of patients with recent onset (<3 years) inflammatory back
pain (evaluated by either the Calin or the Berlin criteria) (19,20),
suggestive of axial SpA (a physician confidence score ≥5 on a
scale from 0 to 10), as previously described (21). Consecutive
patients ages 18–50 years from 25 centers in France were
recruited. Visits were scheduled every 6 months during the first
2 years and yearly thereafter. We selected patients with a definite
diagnosis of axial SpA at the end of follow-up (month 60), accord-
ing to the treating rheumatologist. The DESIR study complies with
the Declaration of Helsinki, was conducted according to good
clinical practice guidelines, and was approved by the appropriate
local research ethics committees, and informed consent was
obtained from the study subjects.

Outcome measures. Disability was assessed using the
Health Assessment Questionnaire for Ankylosing Spondylitis
(HAQ-AS), a validated patient-reported outcome used to assess
patient disability. It encompasses 8 main categories: dressing
and grooming, rising, eating, walking, hygiene, reach, grip, and
activities. The HAQ-AS was adapted from the original HAQ, incor-
porating issues of disability and impairment specific to patients
with axial SpA. The HAQ was one of the first self-report disability
measures and has become the dominant instrument in many dis-
ease areas, including rheumatic and musculoskeletal diseases.
The final score is calculated as the mean of the HAQ domains;
the score may range from 0 to 3, with higher scores reflecting
lower physical ability (more disability) (22).

Disease activity was measured using the ASDAS-CRP
(13–15,23) and BASDAI. BASDAI was used as an alternative to
ASDAS-CRP to explore differences between the models. The
ASDAS-CRP consists of patient assessments of 4 different
domains (back pain, duration of morning stiffness, global assess-
ment of disease activity, and peripheral pain/swelling) and is
assessed on a 0–10 numeric rating scale by patients, plus an
inflammatory marker (CRP level) (23). The recently reviewed dis-
ease activity states defined for ASDAS-CRP (inactive, low, high,
and very high) were taken into account for this study (15). BASDAI
is a patient-reported outcome consisting of 6 questions, scored
on a 0–10 numeric rating scale and encompassing the following
domains: fatigue, spinal pain, peripheral arthritis, enthesitis, and
intensity and duration of morning stiffness (24). The concise Man-
der Enthesitis Score (cMES) with gradation was used to evaluate
enthesitis involvement. This score considers 13 entheseal sites,
each one graded from 0 to 3 (0 = no pain, 1 = mild tenderness,

SIGNIFICANCE & INNOVATIONS
• This study provides further validation of the Anky-

losing Spondylitis Disease Activity Score with C-
reactive protein (ASDAS-CRP) in early axial spondy-
loarthritis (SpA), as this index showed a robust lon-
gitudinal association with disability.

• ASDAS-CRP cutoffs were able to discriminate
between different disability profiles in early axial
SpA, suggesting that ASDAS-CRP can be used as a
surrogate measure of disability.

• Enthesitis and spinal mobility should be systemati-
cally assessed, as they are also key drivers of dis-
ability in early axial SpA.

• Comprehensive and multimodal treatment strate-
gies that also address enthesitis and spinal mobility
may contribute to decreasing the overall level of
disability in early axial SpA.
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2 = moderate tenderness, 3 = wince or withdraw), the total range
being from 0 to 39 (25).

Statistical analysis. In a first exploratory step, univariable
associations were investigated using generalized estimating
equations (GEEs). GEEs allow the combination of multiple mea-
surements per patient and use all available data during follow-
up, while taking into account missing values and correcting for
within-patient correlation (26).

HAQ-AS was used as the dependent variable; disease
activity (defined by either ASDAS-CRP or BASDAI) and clinical
and demographic variables were used as independent variables

in univariable models: age (years), sex (male/female), level of
education (university or equivalent: yes/no), BMI (kg/m2), HLA–
B27 status (positive/negative), symptom duration (years),
employment status (currently employed: yes/no), smoking sta-
tus (current smoking: yes/no), past or current peripheral arthritis
(yes/no), history of inflammatory bowel disease (yes/no),
psoriasis (yes/no), uveitis (yes/no), dactylitis (yes/no), CRP
level (mg/liter), linear version of the Bath Ankylosing Spondyli-
tis Metrology Index (BASMI) score, enthesitis score (cMES),
and current treatment with nonsteroidal antiinflammatory
drugs (NSAIDs; yes/no), conventional disease-modifying anti-
rheumatic drugs (cDMARDs; yes/no), or tumor necrosis fac-
tor inhibitors (TNFi; yes/no). Imaging data were also taken
into account, namely the presence of sacroiliitis according to
modified New York (mNY) criteria, the presence of active
sacroiliitis on magnetic resonance imaging (MRI), the level of

Table 1. Summary of baseline clinical and demographic character-
istics of the 644 patients with an axial spondyloarthritis diagnosis at
the end of follow-up (60 months)*

Characteristic Value
No.
valid

Age, years 33.6 � 8.6 644
Female, no. (%) 341 (53.0) 644
Education at baseline, university or
equivalent, no. (%)

383 (59.8) 640

Body mass index, kg/m2 23.9 � 4.1 638
HLA–B27 positive, no. (%) 385 (59.9) 643
Symptom duration at baseline, years 1.5 � 0.9 643
Currently employed, no. (%) 553 (86.7) 638
Current smoking, no. (%) 237 (37.1) 639
Current arthritis, no. (%) 49 (7.6) 643
History of arthritis, no. (%) 181 (28.3) 640
History of inflammatory bowel disease,
no. (%)

33 (5.1) 644

History of psoriasis, no. (%) 113 (17.5) 644
History of uveitis, no. (%) 61 (9.5) 644
History of dactylitis, no. (%) 93 (14.5) 642
Enthesitis score† 4.3 � 6.0 642
C-reactive protein, mg/liter 8.3 � 5.1 624
ASDAS-CRP 2.7 � 1.0 615
BASDAI 4.5 � 2.0 638
HAQ-AS 0.7 � 0.5 642
BASFI 3.1 � 2.3 635
BASMI 2.4 � 1.0 555
Sacroiliitis (mNY criteria), no. (%) 110 (17.5) 630
Active sacroiliitis on MRI (ASAS criteria),
no. (%)

231 (36.8) 628

mSASSS (range 0 to 72) 0.4 � 1.6 570
MRI spinal inflammation (Berlin score) 0.3 � 1.3 470
NSAID intake last 6 months, no. (%) 601 (93.3) 644
cDMARD intake last 6 months, no. (%) 89 (13.8) 643
TNFi treatment last 6 months, no. (%) 0 (0.0) 644

* Values are the mean � SD unless indicated otherwise.
ASAS = Assessment of Spondyloarthritis international Society;
ASDAS-CRP = Ankylosing Spondylitis Disease Activity Score with
C-reactive protein; BASDAI = Bath Ankylosing Spondylitis Disease
Activity Index; BASFI = Bath Ankylosing Spondylitis Functional
Index; BASMI = Bath Ankylosing Spondylitis Metrology Index;
cDMARD = conventional disease-modifying antirheumatic drug;
HAQ-AS = Health Assessment Questionnaire for Ankylosing Spondy-
litis; mNY = modified New York; MRI = magnetic resonance imaging;
mSASSS = modified Stoke Ankylosing Spondylitis Spinal Score;
NSAID = nonsteroidal antiinflammatory drug; TNFi = tumor necrosis
factor inhibitor.
† Concise Mander Enthesitis Score with gradation was used.

Table 2. Univariable analyses to investigate the association
between HAQ-AS (dependent variable) and other clinical and demo-
graphic variables (independent variables)*

Characteristics B (95% CI) P

Age, years 0.002 (–0.002, 0.005) 0.373
Female 0.311 (0.243, 0.379) <0.001†
Body mass index, kg/m2 0.007 (0.001, 0.013) 0.034†
HLA–B27 positive –0.185 (–0.259, –0.111) <0.001†
Symptom duration, years –0.016 (–0.023, –0.009) <0.001†
Currently employed –0.046 (–0.087, –0.005) 0.029†
Current smoking 0.011 (–0.025, 0.048) 0.540
Current arthritis 0.191 (0.121, 0.261) <0.001†
History of arthritis 0.042 (–0.015, 0.099) 0.151
History of inflammatory
bowel disease

0.051 (–0.028, 0.130) 0.208

History of psoriasis –0.021 (–0.079, 0.036) 0.463
History of uveitis 0.010 (–0.076, 0.095) 0.825
History of dactylitis 0.020 (–0.050, 0.091) 0.568
ASDAS-CRP 0.233 (0.216, 0.249) <0.001†
BASDAI 0.119 (0.111, 0.127) <0.001†
BASMI 0.147 (0.125, 0.168) <0.001†
Enthesitis score‡ 0.022 (0.019, 0.025) <0.001†
C-reactive protein, mg/liter 0.006 (0.004, 0.008) <0.001†
Presence of sacroiliitis
(mNY criteria)§

–0.055 (–0.115, 0.005) 0.073†

Presence of MRI-active
sacroiliitis§

0.006 (–0.051, 0.063) 0.841

MRI spinal inflammation
(Berlin score)§

–0.007 (–0.025, 0.011) 0.462

mSASSS§ –0.007 (–0.022, 0.007) 0.309
NSAID intake last 6 months 0.121 (0.090, 0.152) <0.001†
cDMARD intake last 6
months

0.084 (0.034, 0.134) 0.001†

TNFi treatment last 6 months –0.091 (–0.138, –0.043) <0.001†

* 95% CI = 95% confidence interval (see Table 1 for other
definitions).
† Statistically significant.
‡ Concise Mander Enthesitis Score with gradation was used.
§ Assessment of mSASSS and spinal Berlin score performed only at
baseline and at 24 and 60 months; assessment of mNY criteria and
active sacroiliitis (Assessment of Spondyloarthritis international
Society criteria) on MRI performed at baseline, 12, 24, and 60
months.
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spinal MRI inflammation as assessed by the Berlin scoring
system, and the level of structural damage as assessed by
the modified Stoke Ankylosing Spondylitis Spinal Score
(mSASSS).

Multivariable GEE models were then built, using a manual
forward selection procedure until the best-fit model was
obtained, taking confounding or contributing variables into
account. This process was an intelligible method that took into
account clinical relevance and statistical parameters of each
variable, such as P value, quasi-likelihood under independence
model criterion, and the influence of each of the secondary vari-
ables in the 95% confidence interval (95% CI) in the main asso-
ciation, when the final model was built. Variables with a P value
less than 0.10 in the univariable analysis were tested in these
multivariable models.

Subsequently, a decision tree was constructed using unbi-
ased hierarchical multivariable analysis applying the chi-square
automatic interaction detector (CHAID) method, with HAQ-AS as
the dependent variable (27). The following independent variables
were tested: ASDAS-CRP, enthesitis score, the presence of
arthritis, employment status, sex, symptom duration, BMI, HLA–
B27 status, BASMI score, the presence of sacroiliitis according
to mNY criteria, and treatment with NSAIDs, cDMARDs, or TNFi.
These variables were selected based on their significance in the
above GEE univariable models.

The CHAID method is a technique used to study the relation-
ship between variables, automatically building a tree model that
depicts how variables best merge to explain a defined dependent
outcome. A decision tree like CHAID works by recursively

partitioning the data based on input field values. The data parti-
tions are called branches. The initial/parent branch (sometimes
called the root) encompasses all data records. The parent branch
is split into subsets, or child branches, based on the value of a
particular input field. Each child branch can be further split into
subbranches, which can in turn be split again, and so on. At the
lowest level of the tree are branches that have no more splits.
Such branches are known as terminal branches (or leaves). We
stipulated a minimum requirement of 70 cases to allow the crea-
tion of a parent branch and a minimum number of 20 cases, to
allow the creation of child branches. After setting up these criteria,
the results were purely analysis driven in the model. The stopping
criteria prevented the overfitting of data, as all of the child
branches had >0.25% of cases from the training population, as
methodologically recommended (28,29). IBM SPSS statistics
software, version 20, was used to conduct the statistical analysis.

RESULTS

Study population and cohort data. Data from
644 patients and 5,152 visits were analyzed. Baseline character-
istics of the study population are shown in Table 1. Of the
708 patients included in the DESIR cohort, 64 patients were
excluded from this analysis because they did not have a definite
clinical diagnosis of axial SpA at month 60. Taking the first visit
into account, the study cohort was a young (mean age
33.6 years) and sex-balanced population (53% female) with short
disease duration (mean symptom duration 1.5 years) and a very

Table 3. Multivariable analyses to investigate the association
between HAQ-AS (dependent variable) and ASDAS-CRP and other
clinical and demographic variables (independent variables)*

Characteristics
Adjusted B
(95% CI) P

Female 0.172 (0.120, 0.225) <0.001
Body mass index, kg/m2 † –

HLA–B27 positive † –

Symptom duration, years † –

Currently employed † –

Current arthritis † –

ASDAS-CRP 0.205 (0.187, 0.222) <0.001
Enthesitis score 0.011 (0.008, 0.015) <0.001
BASMI 0.087 (0.069, 0.105) <0.001
Presence of sacroiliitis
(mNY criteria)

† –

NSAID intake last 6 months † –

cDMARD intake last 6 months † –

TNFi treatment last 6 months † –

* All P values shown are statistically significant. 95% CI = 95% confi-
dence interval; ASDAS-CRP = Ankylosing Spondylitis Disease Activity
Score with C-reactive protein; BASMI = Bath Ankylosing Spondylitis
Metrology Index; cDMARD = conventional disease-modifying anti-
rheumatic drug; HAQ-AS = Health Assessment Questionnaire for
Ankylosing Spondylitis; mNY = modified New York; NSAID =
nonsteroidal antiinflammatory drug; TNFi = tumor necrosis factor
inhibitor.
† Excluded from the best-fit model.

Table 4. Multivariable analyses to investigate the association
between HAQ-AS (dependent variable) and BASDAI and other clinical
and demographic variables (independent variables)*

Characteristics
Adjusted B
(95% CI) P

Female 0.154 (0.105, 0.202) <0.001
Body mass index, kg/m2 † –

HLA–B27 positive † –

Symptom duration, years † –

Currently employed † –

Current arthritis † –

BASDAI 0.104 (0.096, 0.113) <0.001
Enthesitis score 0.009 (0.006, 0.012) <0.001
C-reactive protein, mg/liter 0.003 (0.001, 0.004) 0.001
BASMI 0.079 (0.062, 0.095) <0.001
Presence of sacroiliitis
(mNY criteria)

† –

NSAID intake last 6 months † –

cDMARD intake last 6 months † –

TNFi treatment last 6 months † –

* All P values shown are statistically significant. 95% CI = 95% confi-
dence interval; BASDAI = Bath Ankylosing Spondylitis Disease Activ-
ity Index; BASMI = Bath Ankylosing Spondylitis Metrology Index;
cDMARD = conventional disease-modifying antirheumatic drug;
HAQ-AS = Health Assessment Questionnaire for Ankylosing Spondy-
litis; mNY =modified New York; NSAID = nonsteroidal antiinflamma-
tory drug; TNFi = tumor necrosis factor inhibitor.
† Excluded from the best-fit model.
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low level of spinal radiographic damage (mean mSASSS 0.6
units).

Univariable analysis. There was a significant univariable
association (Table 2) between a higher level of disability
(i.e., higher HAQ-AS scores) and female sex, higher BMI, the
presence of peripheral arthritis, higher disease activity (measured
by ASDAS-CRP, BASDAI, or CRP level alone), less spinal mobility
(measured by BASMI), higher enthesitis score (measured by
cMES), and NSAID or cDMARD treatment in the last 6 months.
Conversely, HLA–B27 positivity, symptom duration, being
employed, and treatment with TNFi in the last 6 months were
associated with lower levels of disability. The presence of sacroil-
iitis according to mNY criteria was not statistically significant, but it
was considered in the multivariable and hierarchical models, as
the P value was <0.10.

Multivariable analysis. The multivariable model using
ASDAS-CRP as a measure of disease activity showed a signifi-
cant, independent, and positive association between HAQ-AS
and ASDAS-CRP (adjusted B [adjB] 0.205 [95% CI 0.187,
0.222]), enthesitis score (adjB 0.011 [95% CI 0.008, 0.015]),
BASMI score (adjB 0.087 [95% CI 0.069, 0.105]), and female
sex (adjB 0.172 [95% CI 0.120, 0.225]) (Table 3).

When BASDAI was used as disease activity measure, a sig-
nificant, independent, and positive association with disability was
also found for BASDAI (adjB 0.104 [95% CI 0.096, 0.113]), enthe-
sitis score (adjB 0.009 [95% CI 0.006, 0.012]), BASMI score
(adjB 0.079 [95% CI 0.062, 0.095]), and female sex (adjB 0.154
[95% CI 0.105, 0.202]). Higher CRP levels (not included in the
ASDAS-CRP model due to collinearity/redundancy) were also
associated with disability (adjB 0.003 [95% CI 0.001, 0.004])
(Table 4).

Table 5. Overlap between the published cutoffs for ASDAS-CRP disease activity states and the patient clusters defined by the CHAID algorithm
when disability was studied in early axial spondyloarthritis*

Inactive Low High Very high

ASDAS-CRP disease activity states and respective cutoffs <1.3 ≥1.3 to <2.1 ≥2.1 to ≤3.5 >3.5
Current work (CHAID algorithm for disability)
First level: ASDAS-CRP cutoff intervals with importance in the
differentiation of disability clusters

≤1.0,
1.0–1.3

1.3–1.6, 1.6–1.9,
1.9–2.2

2.2–2.5, 2.5–2.7,
2.7–3.1, 3.1–3.5

>3.5

Second level: variables with discriminative power regarding
disability

Sex Enthesitis, BASMI Enthesitis, BASMI Enthesitis

Third level: variables with discriminative power regarding
disability

BASMI Sex, enthesitis,
BASMI, TNFi

Sex, BASMI,
symptom duration

NSAID, BASMI,
TNFi

* ASDAS-CRP = Ankylosing Spondylitis Disease Activity Score with C-reactive protein; BASMI = Bath Ankylosing Spondylitis Metrology Index;
CHAID = chi-square automatic interaction detector; NSAID = nonsteroidal antiinflammatory drug; TNFi = tumor necrosis factor inhibitor.

Figure 1. Decision tree showing the Ankylosing Spondylitis Disease Activity Score with C-reactive protein (ASDAS-CRP) as the first variable with
discriminative power on the Health Assessment Questionnaire for Ankylosing Spondylitis (HAQ-AS). BASMI = Bath Ankylosing Spondylitis Metrol-
ogy Index; NSAID = nonsteroidal antiinflammatory drug; TNFi = tumor necrosis factor inhibitor. * = P < 0.001.

CARVALHO ET AL772



Decision tree model. The decision tree revealed ASDAS-
CRP as the first variable with the most discriminative power on
HAQ-AS (Figure 1). According to this hierarchical model, after
ASDAS-CRP, the variables sex, enthesitis score, and BASMI
were the next most likely in explaining HAQ-AS variation, followed
by TNFi treatment, symptom duration, and NSAID treatment. The
decision tree model automatically created cutoffs for continuous
variables that better differentiate patients’ profiles. Regarding
ASDAS-CRP, the cutoffs that generated a second-level variable
in the tree were 1.3, 2.2, and 3.5, as shown in Table 5 and in
Figure 1. The cutoffs generated for the enthesitis score as a sec-
ondary variable were 2.0, 3.0, 6.0, and 10.0; for BASMI as a sec-
ondary variable the generated cutoffs were 1.8, 2.1, 2.5, 3.1, and
3.6. The only cutoff for symptom duration was 2.7 years.

DISCUSSION

This analysis demonstrates a robust and consistent long-
term association between disease activity and disability in an early
axial SpA cohort and provides further evidence on the validity of
the ASDAS-CRP and its cutoffs. Moreover, ASDAS-CRP disease
activity categories were also able to capture distinct disability pro-
files in early axial SpA. Our study also suggests that there are sev-
eral other factors playing an important role in disability. In addition
to clinical disease activity, 3 other variables were independently
associated with disability: enthesitis, spinal mobility (measured
by BASMI), and sex.

Both ASDAS-CRP and BASDAI were significantly associated
with HAQ-AS in the multivariable models. A higher adjB value was
found for ASDAS-CRP (adjB 0.205 [95% CI 0.187, 0.222]) com-
pared to BASDAI (adjB 0.104 [95% CI 0.096, 0.113]). These val-
ues mean that a certain increment in ASDAS-CRP leads to a
higher variation in disability than the same numerical increment in
BASDAI. However, the ranges of the measures are different
(BASDAI ranges from 0 to 10, while ASDAS-CRP ranges from
0.6 to approximately 7). Therefore results are not comparable,
and our study was not designed to directly compare these
indexes.

The CHAID algorithm is a robust tool that allowed us to dis-
criminate between subgroups of patients with different mean
HAQ-AS scores, based on a certain set of variables. This analysis
allowed us to conclude that ASDAS-CRP was the most important
predictor of disability defined by HAQ-AS. This method allowed
us to determine other important variables in the differentiation of
patients’ profiles regarding their level of disability, as well as their
hierarchical relationship. Sex, enthesitis score, and BASMI score
were the next variables explaining disability, followed by duration
of symptoms, TNFi, and NSAID treatment. These results are con-
sistent with the results found in the multivariable model for
ASDAS-CRP (Table 3) and emphasize the multidimensional
aspect of disability. Previous studies are consistent with our find-
ings regarding the influence of disease activity (8–10,16), sex

(16), and spinal mobility (6,7) on disability. Peripheral arthritis has
previously been reported to have an association with disability in
AS (30). However, in our early axial SpA cohort, the main periph-
eral manifestation associated with disability was enthesitis (the
association with peripheral arthritis was only significant in the uni-
variable models). The association between disability and enthesi-
tis had previously been described in patients with AS but not in
early axial SpA (31,32). Both TNFi and NSAID treatment emerged
as third-level predictors of disability in the decision tree model, but
not treatment with cDMARDs. These findings are in line with the
expected lack of efficacy and therefore potential limited role of
cDMARDs (33–35) in axial SpA, while both TNFi and NSAIDs have
been shown to be effective treatments in axial SpA (35). Associa-
tions between BMI (16,17) and employment status (18) were pre-
viously found in literature, but in our study these associations were
not significant.

Using an arithmetic approach, this algorithm automatically
and in an unbiased manner identified ASDAS-CRP cutoffs able
to differentiate between groups of patients according to their level
of disability. Notably, the ASDAS-CRP cutoffs that separated dif-
ferent patient disability profiles largely mimicked the cutoffs previ-
ously defined for ASDAS-CRP disease activity states: inactive
(<1.3), low (≥1.3 to <2.1), high (≥2.1 to ≤3.5), and very high dis-
ease activity (>3.5) (15). There was only a minor difference in the
2.1 cutoff value separating low from high disease activity, versus
2.2 as the relevant cutoff in the decision tree analysis. These find-
ings indicate that the disease activity states defined for ASDAS-
CRP also perform well in stratifying patients with different levels
of disability, which adds to the validity of the ASDAS-CRP cutoffs.

We did not observe an association between disability and
structural damage. This lack of association is a relevant albeit
not unexpected finding, as this study is a cohort of patients with
early disease and very low levels of structural damage. The asso-
ciation between structural damage and disability is well described
in the literature for patients with longer disease duration and
higher levels of structural damage (36–38). These findings sug-
gest that structural damage contributes less to the disease bur-
den in the early stages of the disease.

Our study has some limitations. First, the near absence of
structural damage in this early axial SpA cohort (95.4% and
93.2% of patients had an mSASSS score ≤2 units at baseline
and 60 months, respectively) limits the ability to study the influ-
ence of structural damage on disability. Regarding treatment,
patients were not randomly assigned to the described treat-
ments, meaning that possible confounding by indication may
be present. A study designed to evaluate the impact of those
treatments would be more adequate to evaluate their true
impact on disability. Third, to determine the most accurate
level of association between disease activity and true disability,
a more robust external construct (gold standard) should be
used. An attempt to use such a construct was done with data
from the Program to Understand the Long-term outcomes in
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Spondyloarthritis (PULSAR) registry, a nested study from the
US Veterans Affairs Administration. In PULSAR, disability
was defined as patients being classified as disabled or not
by 1 of 2 federal agencies (the Disability Determination Ser-
vices or the US Department of Veterans Affairs). That study
enrolled 62 patients who completed BASDAI, ASDAS-CRP,
and Bath Ankylosing Spondylitis Functional Index (BASFI)
questionnaires after a routine visit. Interestingly, in that study,
BASDAI was not significantly associated with disability as
defined above, while BASFI and ASDAS-CRP were predictors
of federally determined disability (odds ratio [OR] 1.67 [95%
CI 1.12, 2.47] and OR 1.34 [95% CI 1.02, 1.76], respectively)
(9). Our study would be strengthened if we had additional
external criteria for disability against which we could validate
our results; however, criteria such as those used by PULSAR
are also subjective, have limitations, and might not necessar-
ily represent the gold standard. Fourth, there is the possibility
that some comorbidities, such as fibromyalgia, may have
some influence in the association between HAQ-AS and
some variables, such as sex. However, information on the
presence of concomitant fibromyalgia was not available in
the DESIR database.

In conclusion, we have shown that disease activity contrib-
utes longitudinally to disability and that it is hierarchically superior
to any other variables or disease domains, in the context of an
early axial SpA cohort with minimal structural damage. Enthesitis,
sex, and spinal mobility are also key drivers of disability in early
axial SpA. ASDAS-CRP, a composite index used to measure dis-
ease activity in axial SpA, also reflects the level of disability, and its
cutoffs are able to discriminate between different profiles of dis-
ability in early axial SpA, reinforcing the validity of the ASDAS-
CRP disease activity cutoffs.
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Does Screening for Depressive Symptoms Help Optimize
Duloxetine Use in Knee Osteoarthritis Patients With
Moderate Pain? A Cost-Effectiveness Analysis

Nora K. Lenhard,1 James K. Sullivan,1 Eric L. Ross,2 Shuang Song,1 Robert R. Edwards,1 David J. Hunter,3

Tuhina Neogi,4 Jeffrey N. Katz,5 and Elena Losina6

Objective. Duloxetine is a treatment approved by the US Food and Drug Administration for both osteoarthritis
(OA) pain and depression, though uptake of duloxetine in knee OA management varies. We examined the cost-
effectiveness of adding duloxetine to knee OA care in the absence or presence of depression screening.

Methods. We used the Osteoarthritis Policy Model, a validated computer microsimulation of knee OA, to examine
the value of duloxetine for patients with knee OA who have moderate pain by comparing 3 strategies: 1) usual care, 2)
usual care plus duloxetine for patients who screen positive for depression on the Patient Health Questionnaire
9 (PHQ-9), and 3) usual care plus universal duloxetine. Outcome measures included quality-adjusted life years
(QALYs), lifetime direct medical costs, and incremental cost-effectiveness ratios (ICERs), discounted at 3% annually.
Model inputs, drawn from the published literature and national databases, included annual cost of duloxetine
($721–937); average pain reduction for duloxetine (17.5 points on the Western Ontario and McMaster Universities
Osteoarthritis Index pain scale [0–100]), and likelihood of depression remission with duloxetine (27.4%). We considered
2 willingness-to-pay (WTP) thresholds of $50,000/QALY and $100,000/QALY. We varied parameters related to the
PHQ-9 and the cost of duloxetine, efficacy, and toxicities to address uncertainty in model inputs.

Results. The screening strategy led to an additional 17 QALYs per 1,000 subjects and increased costs by $289/
subject (ICER = $17,000/QALY). Universal duloxetine led to an additional 31 QALYs per 1,000 subjects and $1,205
per subject (ICER = $39,300/QALY). Under the majority of sensitivity analyses, universal duloxetine was cost-effective
at the $100,000/QALY threshold.

Conclusion. The addition of duloxetine to usual care for knee OA patients with moderate pain, regardless of
depressive symptoms, is cost-effective at frequently used WTP thresholds.

INTRODUCTION

Knee osteoarthritis (OA) is a prevalent, disabling, and costly

condition that affects more than 14 million Americans and more

than 263 million individuals worldwide (1,2). Comorbid anxiety

and depression are common among individuals with OA, with up

to 41% experiencing either 1 or both of these conditions (3), and

place additional burdens on the health care system (4,5). Depres-

sion is associated with worse clinical outcomes, including more

severe OA pain (6–8), lower quality of life (4,6,9), worse total knee

replacement (TKR) outcomes (10), and increased opioid utilization

(11). Despite evidence of its detrimental impact on OA outcomes,
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depression is not well-managed in this population; only 33% of

adults with OA and depression receive adequate depression
treatment (12).

Duloxetine, a serotonin-norepinephrine reuptake inhibitor
that is approved by the US Food and Drug Administration to treat
major depressive disorder and knee OA, is effective in treating
depression and OA pain independent of depressive symptoms
(13). Given the negative impact depression has on OA manage-
ment, incorporating a treatment that could affect both conditions
simultaneously could improve outcomes. Duloxetine may also
alleviate some of the economic burden posed by medical costs
associated with depression by leading to remission of this dis-
ease. However, while depression screening is recommended for
all adults and may be especially important in this population (14),
some studies raise questions about the feasibility and efficacy of
incorporating screening into routine care (15). Additionally, rheu-
matologists and orthopedists may be reluctant to screen for
depression due to time constraints or feeling that other providers
would be better suited to depression management (16,17).

In this analysis, we aimed to examine if screening OA patients
for depression and treating those who screen positive for depres-
sion with duloxetine therapy is a better value for pain management
than offering duloxetine to knee OA patients regardless of depres-
sion assessment.

MATERIALS AND METHODS

Analytic overview. The Osteoarthritis Policy (OAPol)
Model is a validated microsimulation model of the progressive

natural history and management of knee OA (18–20). We used
the OAPol Model to examine whether adding duloxetine to usual
care in knee OA patients with moderate pain who no longer
receive adequate pain relief from treatment with nonsteroidal anti-
inflammatory drugs (NSAIDs) could be cost-effective and whether
depression screening offers a way to optimize benefits and
reduce adverse effects from duloxetine.

We simulated a cohort of knee OA patients with
demographic and clinical characteristics similar to subjects in the
Osteoarthritis Initiative (OAI). The primary outcomes were quality-
adjusted life expectancy (QALE), lifetime medical costs, and incre-
mental cost-effectiveness ratios (ICERs). We calculated ICERs as
the difference in lifetime medical costs divided by the difference in
QALE between 2 strategies. All costs were reported in 2018 USD,
and analyses were conducted from a health care sector perspec-
tive, which includes costs paid by all payers including public, pri-
vate, and individuals (21). Costs and quality-adjusted life years
(QALYs) were discounted 3% annually (21). We considered
2 well-established willingness-to-pay (WTP) thresholds of
$50,000/QALY and $100,000/QALY (22). Treatment strategies
were considered cost-effective if they improved QALE and pro-
duced an ICER below the WTP threshold. Any strategy that
increased cost and decreased QALE was described as
“dominated.”

To address uncertainty in our inputs, we performed sen-
sitivity analyses by varying parameters on the Patient Health
Questionnaire 9 (PHQ-9), the prevalence of depressive symp-
toms, and the cost, efficacy, and adverse effects of duloxe-
tine. Model inputs and sensitivity analyses are described in
Table 1.

TheOAPolModel. The OAPol Model simulates cohorts of
knee OA patients (model subjects) using prespecified distribu-
tions of demographic and clinical characteristics, including
age, sex, race/ethnicity, body mass index (BMI), comorbidities
(cardiovascular disease, cancer, diabetes, and inflammatory
arthritis), and structural and symptomatic severity of knee
OA. Using a Monte Carlo simulation, subjects transition
through different health states that include changes to knee
OA structural and symptomatic severity, BMI classes, and
comorbidities. Each annual model cycle, each subject accrues
QALYs, and the sum of these QALYs (measured by the time
between the subject’s initialization and death) averaged across
all subjects is the QALE. Symptomatic severity is defined by
pain ratings on the 100-point Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) scale, and ratings
are split into 5 pain groups (<1, 1–15, 16–40, 41–70, and 71–
100). Changes in these health states are associated with qual-
ity of life (QoL) changes, and subjects incur costs related to
OA management and background (non-OA) medical costs
each year. Further details about the OAPol Model have been
published (18–20).

SIGNIFICANCE & INNOVATIONS
• Depression is poorly managed in knee osteoarthri-

tis (OA) populations and is associated with more
severe pain and lower quality of life.

• Duloxetine is effective at reducing both OA pain and
depressive symptoms, but there have been no stud-
ies evaluating the cost-effectiveness of incorporat-
ing duloxetine into knee OA care that account for
the effect of duloxetine on depression.

• We used a validatedmicrosimulationmodel of knee
OA to evaluate the cost-effectiveness of adding
duloxetine to usual kneeOA care under 2 strategies:
adding duloxetine only for subjects who screen pos-
itive for depressive symptoms on the Patient Health
Questionnaire 9, or for all subjects, regardless of
depressive symptoms.

• The depression screening strategy had an incre-
mental cost-effectiveness ratio (ICER) of $16,961
per quality-adjusted life year (QALY), and the univer-
sal duloxetine strategy had an ICER of $39,288/
QALY, indicating that incorporating duloxetine into
usual knee OA care without depression assessment
provides good value.
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For each treatment regimen, a pain decrement is determined
from distributions reported in the published literature. Once a sub-
ject no longer receives pain relief from a treatment method, they
are evaluated for the subsequent regimen (Figure 1). A subject
may also move to the next regimen due to voluntary discontinua-
tion or experiencing a toxicity that would cause their physician to

discontinue that treatment. The cost of each regimen includes
medication (if relevant), procedures, physician visits, and medical
care for toxicities.

Cohort characteristics. The cohort characteristics were
based on subjects with knee OA enrolled in the OAI (23). Using

Figure 1. Treatment strategies. A, Usual care treatment sequence for knee osteoarthritis (OA) in the Osteoarthritis Policy (OAPol) Model. Sub-
jects began this treatment sequence based on specific cohort characteristics and based on progress throughout the regimens outlined, which
included glucocorticoids, tramadol, oxycodone (for some subjects only, as some individuals prefer to avoid opioid regimens), total knee replace-
ment, and revision total knee replacement. B, Depression screening treatment sequence for knee OA in the OAPol Model. Treatment was initial-
ized in subjects based on specific cohort characteristics, and subjects were screened for depression using the Patient Health Questionnaire
9 (PHQ-9) at treatment initialization. If a subject screened positive for depressive symptoms, they would receive duloxetine before usual care. If
a subject screened negative for depressive symptoms, they would proceed directly to usual care. C, Universal duloxetine treatment sequence
for knee OA in the OAPol Model. Treatment was initialized in subjects based on specific cohort characteristics, and subjects would receive dulox-
etine before progressing through the rest of the usual care treatments. In all treatment strategies outlined here, subjects continued receiving each
treatment until it was no longer effective, and death could occur at any point in a given sequence.
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OAI subjects’ responses on the Center for Epidemiological Stud-
ies Depression Scale, we modeled the demographic characteris-
tics of two cohorts: a cohort with depressive symptoms and one
without depressive symptoms. We chose to simulate a cohort
not currently receiving mental health care, as the population rep-
resented in this analysis are those for whom duloxetine would
not replace ongoing depression treatments. We considered knee
OA patients that had not achieved adequate pain relief from
NSAIDs, physical therapy, and lifestyle modifications (24,25).

Both cohorts (one with depressive symptoms and one with-
out depressive symptoms) had a mean � SD starting age of
60 � 9 years and amean BMI of 31 kg/m2 and 30 kg/m2, respec-
tively. Mean � SD starting pain on the 100-point WOMAC scale
was 40 � 23 for those with depressive symptoms and 25 � 19
for those without depressive symptoms (23). These OAI pain data
are consistent with studies demonstrating that individuals with
depression experience greater pain (6,8). The prevalence and
incidence of the comorbidities were derived from the 2014–2016
National Health and Nutrition Examination Survey (NHANES) and
were stratified by age, race, and sex (26). Background medical
costs were derived from NHANES (26) and the Medicare Current
Beneficiary Survey (MCBS) (27), and we used a risk-adjustment
model developed by Pope et al to stratify costs by age and num-
ber of comorbidities (28). QoL values were derived from the OAI
and were stratified by age and number of comorbidities (23).

Depression-related inputs. We used data from two
depression screening questions on the MCBS to estimate the
prevalence of individuals with depressive symptoms not receiving
treatment for depression. Of the MCBS cohort, 23% of individuals
responded in the affirmative to a question about feeling sad,
“blue,” or depressed or having experienced a period of 2 or more
weeks where they lost interest or pleasure in valued activities in
the preceding year and were not receiving treatment for depres-
sive symptoms (27). Note that the term “depressive symptoms”
is used to characterize these subjects’ medical history, as the
screening questionnaire did not provide enough information to
determine whether they meet the Diagnostic and Statistical Man-
ual of Mental Disorders Fifth Edition criteria for major depressive
disorder.

We applied a QoL decrement of 0.0625 to those with
depressive symptoms (29). Depressed individuals utilize the
health care system at higher rates (5), and those who responded
in the affirmative to MCBS depression screening questions and
were not receiving treatment for depression incurred an additional
$1,081 in medical costs compared to those with a negative
depression screening (adjusted for number of comorbidities),
which we added to the background medical costs for subjects
with depressive symptoms (27). Mortality rates were estimated
using Centers for Disease Control and Prevention 2014 US life
tables (30). We estimated a 58% increased risk of all-cause mor-
tality in those with depressive symptoms (31).

Treatment strategies.We considered 3 treatment strate-
gies (Figure 1). The first treatment strategy was defined as “usual
care,” in which subjects were treated with a sequence of gluco-
corticoid injections, tramadol, oxycodone, TKR, and revision
TKR. A second treatment strategy, which we characterized as a
“screening” approach, involved subjects being screened for
depressive symptoms using the PHQ-9 and receiving therapy
with duloxetine if positive on screening; if negative on screening,
or if a subject’s pain and depressive symptoms were inadequately
controlled with duloxetine therapy, subjects received the usual
care treatment sequence. The third treatment strategy was “uni-
versal duloxetine,” in which all subjects received duloxetine ther-
apy; in this treatment arm, if duloxetine failed to control
symptoms, subjects were switched to the usual care treatment
sequence.

We calibrated the proportion of subjects receiving strong
opioids to reflect data from MCBS, stratified by depressive symp-
tom status (Table 1) (27). The pain reduction for TKR was derived
from the AViKA cohort and stratified by depressive symptom sta-
tus (32). Further details on usual care regimens have been previ-
ously published (19,33).

Duloxetine characteristics. Efficacy. We derived the
pain efficacy of duloxetine from a 13-week randomized controlled
trial that reported a mean decrease on theWOMAC of 17.5 points
(100-point scale) among those receiving duloxetine (13). We strat-
ified this pain decrement by subjects’ initial pain group (Table 1).
Since this trial did not report the durability of pain relief after
12 months of treatment, we assumed that sustainability was sim-
ilar to that reported in NSAID trials (with 24–75% of subjects expe-
riencing pain failure while receiving NSAIDs, stratified by pain at
regimen initiation) (34).

To derive the efficacy of duloxetine in the reduction of
depressive symptoms (“depression efficacy”), we used a ran-
domized trial of duloxetine for depression treatment in adults ages
65 years or older (35). Of these trial participants, 27.4% achieved
remission of depressive symptoms, measured on the Hamilton
Depression Scale. This trial also did not report long-term efficacy,
so we used durability data from the Improving Mood Promoting
Access to Collaborative Care Treatment trial, a collaborative care
intervention for elderly patients with depression in which 73% of
participants received therapy with antidepressants (36). Of those
who achieved remission of depression at 12 months, 44% expe-
rienced a relapse in depressive symptoms at 24 months. Those
who achieved remission of depressive symptoms received a
QoL increase of 0.0625 (29).

Toxicity. We derived toxicities from a pooled analysis of four
clinical trials (37). Only adverse effects that occurred at rates sig-
nificantly different from placebo were used in our analysis, which
included nausea, constipation, insomnia, dry mouth, somno-
lence, sweating, and fatigue. Toxicities were associated with
QoL decreases, and in some cases, additional treatment costs
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(see Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24519/abstract). The likelihood of experiencing one of these
toxicities was 46%. Of those who experienced a toxicity, 37.5%
discontinued the duloxetine regimen (13). Overall, 23% of those
receiving duloxetine stopped taking this medication, with 17.4%
discontinuing duloxetine due to a toxicity and 5.6% discontinuing
duloxetine for other reasons (13).

Cost. We derived the annual cost of a 60-mg daily dose of
generic duloxetine from Red Book Online in October 2018 (38).
The average wholesale acquisition cost for 30-unit packages
was used, which was $444/year (38). In addition to the pharma-
ceutical cost, we included a monthly dispensing fee (as not all
insurance plans cover 3-month prescriptions) (39), as well as the
cost of 3 physician visits, the price of which was derived from
the 2018 Medicare Physician Fee Schedule (40). We assumed
that those who discontinued duloxetine did so in the first year of
receiving duloxetine, and we reduced the first-year cost of the
regimen accordingly. The annual cost of the treatment regimen
was $721 in the first year and $937 in subsequent years (Table 1).

Depression screening characteristics. For the depression
screening strategy, we used characteristics of the PHQ-9, a
validated, self-administered, 9-question form designed to screen
for depression during primary care and similar settings (41).

The sensitivity and specificity of the PHQ-9 has been estimated
at 81.3% and 85.3%, respectively (42).

Sensitivity analyses. We varied input parameters using
1-way and scenario-based deterministic sensitivity analyses and
a probabilistic sensitivity analysis to examine the robustness of
the results.

Deterministic sensitivity analyses. We varied parameters
related to the cost, toxicities, and efficacy of duloxetine as well
as the parameters of the PHQ-9 and prevalence of depressive
symptoms. We conducted a “tipping point” analysis for the cost
of duloxetine, in which we increased the pharmaceutical cost
and determined the prices at which the 2 strategies crossed
WTP thresholds. We also conducted a scenario-based sensitivity
analysis in which we classified the first physician visit as more
complex, and thus more expensive. Additionally, we performed
a sensitivity analysis in which subjects who achieved remission
of depressive symptoms continued to incur the increased back-
ground medical costs associated with depressive symptoms.

Additional studies of duloxetine have found that sexual dys-
function and falls may occur at higher rates among those taking
duloxetine. Nelson et al showed that treatment-emergent sexual
dysfunction occurred in 46.4% of individuals receiving duloxetine
compared to 28.8% of those receiving placebo (37). Sullivan and
colleagues modeled treatment for these toxicities as 2 physician

Table 2. Results of base case and selected scenario sensitivity analyses*

Treatment sequence QALE Lifetime medical costs ICER

Base case
Usual care 11.0458 $186,914 –

Depression screening 11.0628 $187,203 $16,961/QALY
Universal duloxetine 11.0935 $188,408 $39,288/QALY

Sensitivity analyses†
Usual care 11.0458 $186,914 –

Depression screening 11.0632 $187,325 $23,528/QALY
Universal duloxetine 11.0940 $188,558 $40,076/QALY

Increased visit complexity for first physician visit
Usual care 11.0458 $186,914 –

Depression screening 11.0628 $187,213 $17,515/QALY
Universal duloxetine 11.0935 $188,440 $40,007/QALY

Increased toxicity rate
Usual care 11.0458 $186,914 –

Depression screening 11.0588 $187,202 $22,210/QALY
Universal duloxetine 11.0782 $188,373 $60,271/QALY

No pain efficacy and decreased
depression efficacy of duloxetine

Usual care 11.0458 $186,914 –

Depression screening 11.0448 $186,959 Dominated
Universal duloxetine 11.0382 $187,155 Dominated

PHQ-9 sensitivity and specificity at 50% of base‡
Usual care 11.5714 $191,060 –

Depression screening 11.5958 $192,046 $40,330/QALY
Universal duloxetine 11.6151 $192,787 $38,430/QALY

* ICER = incremental cost-effectiveness ratio; PHQ-9 = Patient Health Questionnaire 9; QALE = quality-adjusted life
expectancy; QALY = quality-adjusted life year.
† Increased background medical costs sustained for subjects with depressive symptoms in remission.
‡ Prevalence of depressive symptoms was 5.75%.
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visits and a month’s prescription of sildenafil for 25% of those who
experienced these toxicities (43); we derived these costs from the
Medicare Physician Fee Schedule and Red Book Online (38,40).
Nelson et al reported that falls occurred in 17.3% of individuals
receiving duloxetine therapy compared to 11.6% of those receiv-
ing placebo (44).

We also modeled the risk of fracture due to falls. Soh and col-
leagues found that the proportion of those who self-reported a
fracture was 23% of the number that self-reported a fall (45). We
applied this probability to the increased fall risk among those
receiving duloxetine. With these additional toxicities, the overall
toxicity probability was 56.4%, and 25.8% of those taking dulox-
etine discontinued the medication in the first year of treatment.
Data on costs and QoL decrements for these toxicities are pre-
sented in Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24519/abstract.

To examine combinations of some of the least favorable var-
iations, we conducted scenario-based sensitivity analyses of

selected reductions in the efficacy of duloxetine in controlling pain
and depression. We used the lower 95% confidence intervals
from the respective trials and included analyses of duloxetine hav-
ing no efficacy in controlling depression or pain. We also exam-
ined scenarios in which the PHQ-9 sensitivity and specificity
were 50% of base case values and the prevalence of depressive
symptoms was 25% of base case values.

Probabilistic sensitivity analysis. We performed a probabilis-
tic sensitivity analysis drawing from distributions of pain efficacy,
depression efficacy, toxicity rates, PHQ-9 sensitivity, and depres-
sive symptom prevalence. Five hundred iterations of probabilistic
inputs were drawn and run through the model. A normal distribu-
tion was used for the pain decrements, and beta distributions
were used for the toxicities, depression efficacy, prevalence of
depressive symptoms, and PHQ-9 sensitivity. We constructed a
cost-effectiveness acceptability curve to depict the proportion of
time each strategy was the preferred strategy, or that which pro-
duced the greatest QALE while maintaining the ICER below a cer-
tain WTP threshold, under several WTP thresholds.

Figure 2. Results of one-way sensitivity analyses. A and B, Univariate sensitivity analysis of parameters related to duloxetine, prevalence of
depressive symptoms, and Patient Health Questionnaire 9 (PHQ-9) scores used in the screening strategy (A) and universal duloxetine strategy
(B). Incremental cost-effectiveness ratios for the treatment strategies are presented in relation to variations in the efficacy of duloxetine in controlling
pain and depression, prevalence of depressive symptoms, and sensitivity and specificity of the PHQ-9. Orange line represents the base case. In A,
all parameters were held at base case values except for the parameter listed on the vertical axis, which was varied according to the values listed.
In B, parameters presented are the same as those presented for the screening strategy, with the exception that the lowest value of pain efficacy
presented was 50% of base case, as the no pain efficacy scenario was dominated. Color figure can be viewed in the online issue, which is available
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24519/abstract.
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RESULTS

Base case. The average duration of duloxetine use was

2.4 years for subjects with depressive symptoms and 3.2 years

for those without symptoms. The screening strategy resulted in

a cost increase of $289 per subject over usual care and an

increase of 17 QALYs per 1,000 subjects, which produced an

ICER of $16,961/QALY (Table 2). Compared to the screening

strategy, the universal duloxetine strategy led to a cost increase

of $1,205 per subject and an increase of 31 QALYs per 1,000

subjects, resulting in an ICER of $39,288/QALY.

Sensitivity analyses. One-way sensitivity analyses.

Results of the 1-way sensitivity analyses are presented in

Figure 2. Pain efficacy had the greatest impact on the findings;

for the screening strategy, duloxetine providing no pain efficacy

resulted in an ICER of $172,455/QALY, and universal duloxetine

was dominated by the screening strategy. At a 50% efficacy rate

of controlling pain, the screening strategy and universal duloxetine

strategy had ICERs of $23,417/QALY and $77,224/QALY,

respectively. For the other parameters varied (depression efficacy,

prevalence of depressive symptoms, and the sensitivity and

specificity of the PHQ-9), ICERs for both the screening strategy

and universal duloxetine strategy remained below $50,000/QALY

for the most conservative values tested, including when the

depressive symptom prevalence was zero.
Figure 3 presents the ICERs for the tipping point sensitivity

analysis of the annual cost of duloxetine. We varied the cost under

base case parameters and with additional toxicities. The screen-

ing strategy with base case toxicities resulted in ICERs that

crossed the $50,000/QALY WTP threshold between 2.5 and
3 times the base case cost of duloxetine. The universal duloxetine
strategy crossed this threshold between 1.25 and 1.5 times the
base case cost. Considering the $100,000/QALYWTP threshold,
the screening strategy was cost-effective at all values tested, and
the universal duloxetine strategy crossed this threshold between
3 and 3.5 times the base case cost of duloxetine. Under the
increased toxicity scenario, which included fracture and sexual
dysfunction, the screening strategy crossed the $50,000/QALY
WTP threshold between 2 and 2.5 times the base case cost.
The universal duloxetine strategy crossed the $100,000/QALY
threshold between 1.75 and 2 times the base case cost of
duloxetine.

Scenario-based sensitivity analyses. Maintaining increased
background medical costs during depressive symptom remission
resulted in ICERs of $23,528/QALY and $40,076/QALY for the
screening and universal duloxetine strategies, respectively. Addi-
tional toxicities increased the ICERs to $22,210/QALY and
$60,271/QALY for the 2 strategies. Increasing the cost of the first
physician visit, during which duloxetine would be prescribed, had
minimal impact (Table 2).

We varied the efficacy of duloxetine in reducing pain and
depression together using the lower 95% confidence intervals
reported by previous trials (13,35). We also considered extreme
scenarios in which duloxetine had no efficacy in controlling
pain or depressive symptoms. Under a conservative scenario
(decreased efficacy in controlling pain and no efficacy in reducing
depressive symptoms), the screening strategy ICER was
$51,204/QALY, and the universal duloxetine strategy ICER was
$53,980/QALY. When efficacy in reducing pain was assumed to

Figure 3. Tipping point sensitivity analysis of the cost of duloxetine. The incremental cost-effectiveness ratios (ICERs) for depression screening
and universal duloxetine are presented in relation to relative increases in the cost of an annual prescription of 60 mg of generic duloxetine. Solid
lines represent base case toxicity values; broken lines represent increased toxicity parameters, which includes an increased risk of falls and sexual
dysfunction. Red lines represent the $50,000 per quality-adjusted life year (QALY) and $100,000/QALY willingness-to-pay thresholds.
UC = usual care. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24519/
abstract.
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be zero and efficacy in controlling depressive symptoms was
reduced, both strategies were dominated by usual care.

To examine less favorable variations of screening parame-
ters, we reduced the sensitivity and specificity of the PHQ-9 to
50% of the base case values and the prevalence of depressive
symptoms to 5.75% (25% of the base case values). Under this
unfavorable scenario, the screening strategy ICER was $40,330/
QALY, and the universal duloxetine ICER was $38,430/QALY
(Table 2).

Probabilistic sensitivity analyses. Figure 4 shows the results
of the probabilistic sensitivity analysis. The cost-effectiveness
acceptability curve depicts the proportion of times each strategy
was the preferred option at willingness-to-pay thresholds from
$0 to $150,000/QALY. At a WTP threshold of $25,000/QALY,
the screening strategy was the preferred strategy in 93% of
cases, and universal duloxetine was the preferred treatment in
6% of cases. Universal duloxetine was the preferred strategy in
80% of cases at the $50,000/QALY WTP threshold. At the
$100,000/QALY threshold, universal duloxetine was the preferred
treatment option 100% of the time.

DISCUSSION

We used a widely published, validated computer simulation
model to evaluate the cost-effectiveness of incorporating duloxe-
tine into knee OA care for patients with moderate pain under 2
strategies: 1) the addition of duloxetine to usual care for individ-
uals with depressive symptoms only; or 2) the incorporation of
duloxetine without depression screening for individuals with knee
OA. Base case results suggest that adding duloxetine to usual

care without depression screening would maximize QALE while
keeping ICERs under $50,000/QALY. Results from the probabi-
listic sensitivity analysis reinforced the value of the universal dulox-
etine strategy; it was the preferred strategy in 80% of iterations at
the $50,000/QALY threshold.

As pharmaceutical costs vary across health systems, phar-
macies, and payers, we conducted a tipping point analysis to
determine at what cost the strategies crossed WTP thresholds.
According to data reported on the prices that Medicare plans
pay for duloxetine, 75% of plans pay less than $537/year (46),
which falls between our base case ($444/year) and 1.25 times
the cost of base case, indicating that the universal duloxetine
strategy is likely to be cost-effective at prices paid by federal
insurers. Additionally, the base case cost was greater than that
reported in the Federal Supply Schedule, which is the source rec-
ommended by the Second Panel on Cost-Effectiveness for cost-
effectiveness analyses (21). We chose a more conservative base
case cost estimate and found universal duloxetine to be cost-
effective even above this cost.

Even under a variety of conservative scenarios surrounding
the efficacy and toxicities of duloxetine, the ICERs for universal
duloxetine did not exceed $77,300/QALY—except for the sce-
nario in which duloxetine had no pain efficacy. We added fracture
and sexual dysfunction as additional toxicities of the drug, and
while they resulted in less favorable ICERs (>$50,000/QALY),
ICERS remained below the $100,000/QALY threshold. Similarly,
decreasing the pain and depression efficacy of duloxetine led to
somewhat less favorable results, though even with decreased
pain efficacy and no depression efficacy, the ICER was $53,980/
QALY. The only scenario under which universal duloxetine was

Figure 4. Probabilistic sensitivity analyses were conducted varying toxicity rates, pain and depression efficacy of duloxetine, sensitivity of the
Patient Health Questionnaire 9, and prevalence of depressive symptoms. Five hundred iterations of probabilistic inputs were run. Incremental
cost-effectiveness ratios (ICERs) were calculated for each iteration comparing treatment with usual care (UC) (gray broken line), the depression
screening strategy (blue line), and the universal duloxetine strategy (green line). ICERs for these strategies were compared to a range of
willingness-to-pay (WTP) thresholds, and the treatment strategy which produced the greatest quality-adjusted life expectancy while remaining
below the WTP threshold was termed the preferred strategy. The probability of being the preferred treatment strategy is plotted against various
WTP thresholds. QALY = quality-adjusted life year.
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not cost-effective was when it provided no pain efficacy. The
results were robust to a variety of conservative analyses, with the
greatest ICER of the sensitivity analyses—except for the scenario
in which duloxetine did not affect pain—being $77,224/QALY.

The universal duloxetine strategy has an advantage of being
a simple one to implement. While improving depressive symp-
toms may increase the efficacy of OA treatments, rheumatolo-
gists and orthopedists may be hesitant to make OA-related
clinical decisions based on depressive symptoms in a patient
(16,17). The dual benefits of duloxetine may improve outcomes
in knee OA patients, and providing this drug therapy to broader
populations, rather than targeting individuals with depressive
symptoms, can add value to knee OA care. The cost-
effectiveness of universal duloxetine was driven more by its pain-
relieving properties than its effect on depressive symptoms, as
duloxetine was a cost-effective treatment even in a population
without depressive symptoms (Figure 2), underscoring the benefit
of not restricting its use to individuals with depressive symptoms.

To the best of our knowledge, this is the first study to exam-
ine the cost-effectiveness of duloxetine for knee OA that accounts
for the efficacy of duloxetine in treating pain and depression.
Wielage and colleagues found that duloxetine was a cost-effective
treatment for knee OA (47), though this analysis did not account
for any effect on depressive symptoms and derived QoL coeffi-
cients using a dose-response relationship between pain and QoL,
which may overstate treatment effects. We addressed these 2
limitations in this analysis. Duloxetine has shown potential for being
cost-effective for other chronic conditions, including fibromyalgia
and chronic low back pain (48,49), though these analyses similarly
did not account for depression efficacy. Our results build on
Wielage et al’s findings that duloxetine may provide good value in
knee OA therapy in which other treatments, such as opioids, have
not been shown to be cost-effective (33). Duloxetine may add to a
limited range of cost-effective oral analgesics, including NSAIDs
(50), that can be used before surgical intervention.

There are several limitations of this study. The trials used to
derive efficacy and toxicities associated with duloxetine were rela-
tively short-term in duration, and we had to make assumptions
about the likelihood of treatment failure after 1 year. Chappell
et al’s trial showed WOMAC decrease in terms of the total
WOMAC score, whereas we modeled the WOMAC pain subscale
in our study (13). These scales are correlated, and we assumed
them to be comparable, though not equivalent. Studies on diag-
nosed depression were also used to derive some data for our
cohort with depressive symptoms. Additionally, model subjects
can only be on one regimen at a time and move sequentially from
one to another, though when in practice, individuals may combine
or cycle through treatments. We modeled depressive symptoms
as a binary state and were unable to account for partial improve-
ment of symptoms. Sensitivity analyses were conducted to
address these uncertainties, but further clinical studies could clar-
ify these characteristics of duloxetine and provide longer-term

data to model cost-effectiveness with more certainty. Last, prior
studies highlight the influence of subjects’ pain at regimen initia-
tion on the cost-effectiveness of a pharmaceutical agent (19), thus
these findings may have limited generalizability to populations
with different characteristics, such as pain.

Incorporating the dual efficacy of duloxetine in treating pain
and depressive symptoms offers a better understanding of the
potential value of this therapy. Given the economic burden that
depression and knee OA place on the health care system and
the prevalence of inadequately treated depression in this popula-
tion (12), identifying treatments that can address these concerns
together is valuable. This work provides evidence that, even with-
out screening for depressive symptoms, the introduction of
duloxetine after NSAIDs are unsuccessful in providing relief to
knee OA patients with moderate pain offers good value as a pain
management option.
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Screening to Identify Postoperative Pain and Cross-Sectional
Associations Between Factors Identified in This Process
With Pain and Function, Three Months After Total Knee
Replacement

Vikki Wylde,1 Emily Sanderson,2 Tim J. Peters,2 Wendy Bertram,3 Nicholas Howells,4 Julie Bruce,5

Christopher Eccleston,6 and Rachael Gooberman-Hill1

Objective. To describe the screening and recruitment process of a randomized trial and evaluate associations with
knee pain and function 3 months after total knee replacement (TKR).

Methods. In order to screen for a multicenter trial, a total of 5,036 patients were sent the Oxford Knee Score (OKS)
questionnaire 10 weeks post-TKR. Patients who reported pain in their replaced knee (score of ≤14 on the OKS pain
component) completed a second OKS questionnaire 12 weeks post-TKR. Those patients who were still experiencing
pain 12 weeks post-TKR completed a detailed questionnaire 13 weeks post-TKR. These data were used to character-
ize pain in a cross-sectional analysis. Multivariable regression was performed in order to identify factors associated
with pain and function at 13 weeks post-TKR.

Results. We received OKS questionnaires from 3,058 of 5,063 TKR patients (60%), and 907 of the 3,058 (30%)
reported pain in their replaced knee 10 weeks post-TKR. By 12 weeks, 179 of 553 patients (32%) reported improved
pain (score of >14 on the OKS pain component). At 13 weeks, 192 of 363 patients (53%) who completed a detailed
questionnaire reported neuropathic pain, 94 of 362 (26%) reported depression symptoms, and 95 of 363 (26%) anxiety
symptoms. More severe pain at 13 weeks postoperatively was associated with poorer general health, poorer physical
health, more pain worry, and lower satisfaction with surgery outcome. More severe functional limitation was associated
with higher levels of depression, more pain worry, lower satisfaction with surgery outcome, and higher pain
acceptance.

Conclusion. Screening after TKR identified individuals with pain. We identified several potential targets (physical
and mental health outcomes, acceptance of pain, and quality of life) for tailored intervention to improve outcomes for
patients. Future trials of multidisciplinary interventions warranted.

INTRODUCTION

Primary total knee replacement (TKR) is a common

operation, with over 100,000 operations performed in the UK’s

National Health Service (NHS) in 2019 (1,2). The main indications

for TKR are chronic pain and functional limitations, which are

predominately related to osteoarthritis. Although the operation

is successful for many, 10–34% of patients experience ongoing

pain in the months and years after surgery (3). Despite its preva-

lence, knowledge about the onset and postoperative trajectory

of chronic pain after TKR is not well understood (4). The evi-

dence base for treatment and management is sparse (5,6), and
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referrals for assessment and care are inconsistent (7,8). There is

no preoperative model as yet that can accurately predict who will

have chronic pain after surgery (5,9). People with chronic pain

after TKR can feel abandoned by health care services and strug-

gle to understand ongoing pain (10).
The improvement trajectory following TKR is variable; however,

most pain relief occurs within the first 3 months postoperatively (11).
Persistent pain at 3 months could be due to slower recovery or an
early indication of long-term chronic pain. Chronic pain is difficult to
treat once established (12) and the identification and characteriza-
tion of pain early in the recovery trajectory could facilitate the delivery
of targeted interventions to support recovery and improve long-term
pain outcomes. Hence, there is potential for early identification of
these patients to explore whether intervention is warranted.

Previous studies have described pain after TKR (3,13–17),
but these studies have methodologic shortcomings that
have contributed to the poor quantification and characterization
of pain after TKR. These shortcomings include the use of
surgeon-administered tools to assess pain, limited assessment of
the multidimensional nature of pain, variable definitions of pain
resulting in different prevalence estimates, and single-center stud-
ies, which all limit generalizability (3,16,18). A robust method of
identifying patients with pain after TKR using the Oxford Knee
Score (OKS) pain component has been developed (19). Using data
from a national population-based cohort across England, patients
with a postoperative score of ≤14 on the OKS pain component
were identified as having pain likely to negatively impact health-
related quality of life (19). Applying this method for identification of
patients with pain in the first 3 months postoperatively allows the
early investigation of pain characteristics. The aim here is to
describe our screening procedures to identify people with postop-
erative pain and to identify associations with pain and function
among patients with pain in the first 3 months after primary TKR.

PATIENTS AND METHODS

Design. The data analyzed in the present study are from the
Support and Treatment After Joint Replacement (STAR) trial, a

multicenter randomized trial evaluating the effectiveness of a care
pathway for patients with chronic pain at 3 months after TKR (20).
Screening data included in the analyses of the present study were
collected before randomization and were analyzed as observa-
tional data. Study methods relevant to these analyses were
described and reported following the Strengthening and Report-
ing of Observational Studies in Epidemiology guidance (see Sup-
plementary Table 1, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24516).

Patient and public involvement. This research was
conducted in collaboration with the Patient Experience Partner-
ship in Research STAR group, which is a specialized group com-
prised of 5 patients who have experienced chronic pain after TKR.
Through regular group meetings, patient representatives contrib-
uted to project design and management.

Participants. Between September 2016 and May 2019,
eligible patients were recruited into the STAR trial from 8 NHS
orthopedic centers in Bristol, Cardiff, Exeter, Mansfield, Oswes-
try, Wrightington, Leicester, and Birmingham. Inclusion criteria
included adults who received a primary TKR for osteoarthritis
and reported pain in their replaced knee 12 weeks postopera-
tively. Exclusion criteria included lack of capacity to provide
informed consent, previous study participation for the contralat-
eral knee, or participation in another project that interfered with
the STAR trial. The STAR trial complied with the Declaration of
Helsinki and was approved by the Southwest–Central Bristol
Research Ethics Committee (16/SW/0154) and the Health
Research Authority. All participants provided written informed
consent in 2 stages: 1) for the screening study only, comprising
OKS measurements at 10 and 12 weeks after TKR and 2) for
the main STAR trial, comprising a detailed baseline questionnaire
at 13 weeks after TKR. Identification of patients with pain after
TKR began 10 weeks postoperatively to ensure timely identifica-
tion of those with pain that persisted 3 months postoperatively.
We reported our findings of screening procedures and the
cross-sectional analysis of associations with pain and function
13 weeks after TKR surgery.

Initial postal screening to identify patients with
pain 10 weeks after TKR. Patients who received a primary
TKR due to osteoarthritis 8 weeks previously were sent a study
information leaflet, consent form, and short initial screening ques-
tionnaire, including the OKS (21) and sociodemographic ques-
tions. Nonresponders received a single reminder. The OKS is a
joint-specific measure of pain and function consisting of 12 items
with 5 ordinal response options for each item (21). There is evi-
dence of validity and reliability, with the OKS being reported as
the best performing site-specific patient-reported outcome mea-
sure in a psychometric review of 32 measures used in hip and
knee replacement surgery (22). It has an overall score ranging
from 0–48 (worst to best). Two subscales can be calculated,

SIGNIFICANCE & INNOVATIONS
• Our study demonstrated good uptake to early post-

operative screening of pain and function after total
knee replacement (TKR).

• Half of the patients with pain at 3 months after TKR
reported neuropathic pain symptoms.

• One-fourth of the patients with pain at 3 months
after TKR report depression and/or anxiety.

• Multiple factors, such as quality of life, physical and
mental health outcomes, and acceptance of pain,
are associated with more severe pain and func-
tional limitations after TKR, which highlights the
need for multidisciplinary interventions.
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including a 5-item OKS function component (raw score of 0–20)
and a 7-item OKS pain component (raw score of 0–28). Patients
with a score of 0–14 on the raw OKS pain component were con-
sidered to have pain that was likely to negatively impact health-
related quality of life (19). It is recommended that the component
scores are standardized to a 0–100 scale (worst to best) for
analysis (23).

Second telephone screening to confirm ongoing
pain 12 weeks after TKR. All responding patients who
reported an OKS pain score of ≤14 at 10 weeks were contacted
by telephone at 12 weeks and invited to complete a second
screening questionnaire that repeated the OKS questionnaire, in
order to confirm their pain status. Those still reporting clinically
meaningful pain (defined as an OKS pain score of ≤14) at
12 weeks were eligible for invitation to enter the trial.

Detailed study questionnaire at 13 weeks after TKR
for patients with pain. Participants who gave their consent
to the trial completed a third OKS questionnaire as part of a more
detailed study questionnaire prior to randomization. If question-
naires were not returned within 1 week, the participant was
offered support on the telephone with a researcher.

The outcomes assessed in the questionnaire administered
13 weeks postoperatively reflected the 8 domains of the core out-
come set for chronic pain after TKR (24). Pain severity and pain
interference were assessed using the Brief Pain Inventory (BPI)
(subscale scores range 0–10 [best to worst]) (25). Knee pain and
function were measured using the OKS questionnaire.

Pain with neuropathic features was assessed using 2 ques-
tionnaires. First, we used the PainDETECT (26), which can be
analyzed as a continuous score (range –1 to 38, with a higher
score indicating greater likelihood of neuropathic pain) or catego-
rized into nociceptive pain (range –1 to 12), possible neuropathic
pain component (range 13–18), or probable neuropathic pain
component (range 19–38). Second, the Dolour Neuropathic scale
(DN4) (27), with scores ranging from 0–7 (best to worst) and a
score of ≥3 indicating neuropathic pain characteristics, was used.
Single questions evaluated the frequency of pain in the past
24 hours and 4 weeks and how this pain compared to
preoperative pain.

General health was measured using the Short Form
12 (SF-12) health survey (28), comprising a physical component
score and a mental component score (range 0–100 [worst to
best]). Health-related quality of life was assessed by the 5-level
version of the EuroQol 5-domain instrument (EQ-5D-5L [29])
(range –0.594 to 1, where 1 indicates “perfect health” and 0 indi-
cates “dead”). Capability was assessed by the Icepop Capability
Measure for Adults (ICECAP-A [30]) (range –0.001 to 1 [worst
to best]).

Depression and anxiety were assessed using the Hospital
Anxiety and Depression Scale (HADS) (31), with subscale scores

(HADS anxiety and HADS depression) ranging from 0 to 21 (best
to worst) and categorized into unlikely symptoms of depression/
anxiety (range 0–7), possible depression/anxiety (range 8–10),
and probable depression/anxiety (range 11–21). Worry about
pain was assessed with the Pain Catastrophizing Scale (PCS)
(range 0–52 [best to worst]) (32), which consists of 3 subscales
labeled rumination (scored 0–16), magnification (scored 0–12),
and helplessness (scored 0–24). The Possible Solutions to Pain
Questionnaire (33) was also completed, and the 4 subscales were
analyzed, including solving pain (scored 0–24 [worst to best]),
meaningfulness of life despite pain (scored 0–30), acceptance of
the insolubility of pain (scored 0–18), and belief in solutions (scored
0–12).

Patient satisfaction with the outcome of surgery was mea-
sured by the Self-Administered Patient Satisfaction Scale (34), a
4-item arthroplasty-specific score (range 25–100 [worst to best]).
Painful body regions were indicated on a body diagram, and
widespread pain was defined as pain in at least 2 sections of each
2 contralateral arms or legs and in the axial skeleton (35). Socio-
demographic questions included age, sex, marital and living sta-
tus, ethnicity, and education level.

Statistical analysis. Screening questionnaire. In addition
to response rates, distributions of screening OKS scores were
assessed at each phase using histograms and summary statis-
tics, such as the mean � SD. Regression analyses were per-
formed on the OKS pain and function subscores as the outcome
variables to explore the associations with age and sex. Results
are shown as regression coefficients, 95% confidence intervals,
and P values. The relationship between the OKS subscales were
assessed using scatter plots, replicated stratified by age group
(age ranges of <60, 60–70, 71–80, and >80 years) and sex.

Study questionnaire analyses. Summary statistics for
sociodemographic data and patient-reported outcomes were
presented as mean � SD, median (interquartile range), and num-
ber (%). Distributions of the OKS scales were presented as histo-
grams, in order to assess normality. Correlation coefficients
between pain outcomes were evaluated. Linear regression was
used to evaluate the factors independently associated with the
OKS pain and function scores. Staged regression was then used
to select variables systematically for the linear regression model
(36). Associations were explored between OKS pain and groups
of factors, including sociodemographic variables, general health,
and mental health measures. Each group of variables was first
explored separately in multivariable regression models, with (itera-
tive) exclusion of variables without strong associations with OKS
pain when adjusted for other variables in the model. The process
was then extended to consider all groups together, resulting in a
final regression model containing only variables that were strongly
associated with OKS pain, adjusted for other variables. This pro-
cess was repeated for OKS function exploring associations with
sociodemographic variables and mental health outcomes. In all
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analyses, the standardized OKS pain and function scores (range
0–100) were used (23).

Data completeness is reported in the Tables and Figures. For
the OKS component scores, the mean of other items on the sub-
scale was used to impute amissing item, if only 1 itemwasmissing.
If more than 1 item was missing, a score was not calculated (37).
The approach to missing data for other validated questionnaires
followed guidance recommended by the questionnaire developers;
further details are in the STAR trial statistical analysis plan (38).

Sample size. The sample size for the STAR trial was based
on detecting a minimal clinically important difference between trial
arms in the BPI subscales 12 months after randomization (20).
We did not undertake a separate power calculation for the analy-
ses presented herein, as our intention was to investigate charac-
teristics of the study population collected prior to randomization;
rather, the levels of achieved precision are indicated through the
relevant confidence intervals.

Data availability. The data sets generated during the cur-
rent study will be available in the University of Bristol Research
Data Repository (https://data.bris.ac.uk/data/). Data will be avail-
able following publication of the trial results. Access to the data
will be restricted to ensure that data is only made available to
bona fide researchers for ethically approved research projects,

on the understanding that confidentiality will be maintained and
after a data access agreement has been signed by an institutional
signatory.

RESULTS

Recruitment, screening, and participant flow. An
overview of participant flow through the study is provided in
Figure 1. Screening questionnaires to identify patients with pain
after TKR were sent to 5,036 patients who had a TKR at 1 of
8 orthopedic centers. Completed screening questionnaires were
returned postoperatively by 3,058 patients (61%) at a
mean � SD of 10 � 2 weeks. Of these patients, 907 (30%)
reported pain in their replaced knee at 10 weeks, of whom
553 (61%) completed a second telephone OKS to confirm pain
status at a mean � SD of 12 � 2 weeks. The mean � SD age of
the 553 patients who completed a telephone questionnaire was
67.7 � 8.6 years, with 56% of the patients being female. Those
who did not complete a telephone questionnaire at 12 weeks
(n = 354) were slightly older, with a mean � SD age of
69.4 � 10.4 years, and 62% were female. Patients who com-
pleted the 12-week telephone-administered OKS questionnaire
had a slightly higher mean � SD OKS score (18.2 � 5.4) than
those who did not complete a telephone OKS questionnaire

Figure 1. Participant flow chart. TKR = total knee replacement; OKS =Oxford Knee Score; STAR = Support and Treatment After Joint Replacement.
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(17.2 � 5.7), indicating less pain and better function in
responders compared with nonresponders at 12 weeks. A total
of 363 of 553 patients (66%) completed a detailed questionnaire
at a mean � SD 13 � 2 weeks.

Sociodemographic characteristics of responders and nonre-
sponders to the screening questionnaire at 10 weeks are provided
in Table 1. The mean age was comparable (70 years), although
female patients were slightly less likely to respond than male
patients (55% versus 62%). The OKS overall and component
scores are in Table 1 and Supplementary Figures 1 and 2 (available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24516). Overall, 907 of 3,058 patients
(30%) reported clinically meaningful pain in their replaced knee at
10 weeks (OKS pain component score ≤14).

Scatter plots of the OKS component scores demonstrated
a linear relationship between pain and function, with similar pat-
terns when stratified by sex and age (see Supplementary
Figures 3–5, available at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24516). Younger age and female sex were associated

with worse knee pain severity and functional limitations at
10 weeks (Table 2).

Of the 533 of 907 patients to complete the OKS by tele-
phone, 179 (32%) reported an improvement in pain (OKS score
of >14), but 374 (68%) remained in pain. A summary of the statis-
tics of age, sex, and week-10 OKS scores for those who did and
did not respond at week 12 are presented in Table 1. Responders
were slightly younger than nonresponders at 12 weeks, with a
lower proportion of female responders. Responders at 12 weeks
had slightly higher week-10 OKS scores compared with those
who did not respond at 12 weeks.

Characterization of people reporting pain 13 weeks
post-TKR. Sociodemographic characteristics and patient-
reported outcomes for the 363 of 374 (97%) participants who
completed a detailed questionnaire at 13 weeks are shown in
Table 3. The mean � SD age of these participants was
67 � 9 years, and 60%were female. Neuropathic pain character-
istics were common, with half of the participants (53%) having a
PainDETECT score that indicated likely neuropathic pain
(score >19) and three-fourths (74%) of patients having neuro-
pathic pain characteristics according to the DN4 (score of ≥3). A
total of 47% of patients likely had both neuropathic pain accord-
ing to PainDETECT and neuropathic pain according to the DN4.
Poor mental health was also common, with patients having HADS
scores indicative of either probable depression (26%) or anxiety
(26%); of these patients, 60 of 362 (17%) reported symptoms of
both depression and anxiety. Over the previous 4 weeks, 96%
of patients had experienced pain frequently, defined as pain being
present “often,” “most of the time,” or “all the time.” Almost half of
patients (44%) reported their pain as “a bit worse” or “much
worse” than their preoperative pain. Despite still being in pain at
12 weeks, most patients (74%) were satisfied with their overall
outcome from TKR, and 55% were satisfied with their pain relief,
although satisfaction rates with ability to do activities of daily living
and leisure activities were lower (39% and 38%, respectively).

Regression analysis. Results of the linear regression model
with the OKS pain component as the outcome are shown in
Table 4. In this cross-sectional analysis, having more severe knee
pain at 13 weeks was associated with lower general health mea-
sured by the EQ-5D-5L utility score, lower physical health mea-
sured by the SF-12 health survey, higher pain worry (PCS), and
lower satisfaction with the outcome of surgery.

Table 1. Characteristics of responders and nonresponders to
screening questionnaire at 10 and 12 weeks post-TKR*

Responders Nonresponders

Screening questionnaire
10 weeks post-TKR

Total, no. (%) 3,058 (61) 1,977 (39)
Age, years 69.7 � 8.8 69.9 � 9.8
Female sex, % 54.5 62.2
Total OKS (0–48; worst to
best)

29.3 � 9.6 –

OKS pain component
(0–100; worst to best)

62.3 � 21.2 –

OKS function component
(0–100; worst to best)

59.4 � 20.8 –

Telephone-administered
screening questionnaire
at 12 weeks post-TKR†

Total, no. (%) 553 (61) 354 (39)
Age, years 67.7 � 8.6 69.4 � 10.4
Female sex, % 56.2 62.0
Total OKS 10 weeks
post-TKR

18.2 � 5.4 17.2 � 5.7

OKS pain component
10 weeks post-TKR

36.6 � 11.3 35.6 � 12.2

OKS function component
10 weeks post-TKR

40.0 � 14.4 36.2 � 15.0

* Values are the mean � SD unless indicated otherwise.
OKS = Oxford Knee Score; TKR = total knee replacement.
† Eligible at 10 weeks (n = 907).

Table 2. Univariable associations between age, sex, pain, and function 10 weeks after TKR*

OKS pain component OKS function component

Coefficient Coefficient
No. (95% CI) P (95% CI) P

Age 2,915 0.29 (0.20, 0.37) <0.001 0.09 (0.009, 0.18) 0.030
Sex (ref. = male) 3,042 –3.09 (–4.60, –1.58) <0.001 –7.18 (–8.64, –5.71) <0.001

* 95% CI = 95% confidence interval; OKS = Oxford Knee Score; ref. = reference; TKR = total knee replacement.

WYLDE ET AL794

https://doi.org/10.1002/acr.24516
https://doi.org/10.1002/acr.24516
https://doi.org/10.1002/acr.24516
https://doi.org/10.1002/acr.24516


Table 3. Characteristics of participants with pain 3 months after TKR (n = 363)*

Characteristic

Age, years
Mean � SD 67.2 � 8.7
Median (IQR) 67 (61–73)
Range 40–88

Sex
Female 217 (60)
Male 146 (40)

Marital status (n = 356)
Single 25 (7)
Married/partner 251 (71)
Divorced/separated 35 (10)
Widowed 45 (13)

Living arrangement (n = 356)
Live alone 78 (22)
With spouse/partner 253 (71)
With someone else 22 (6)
Other 3 (1)

Ethnicity (n = 356)
White 335 (94)
Asian 13 (4)
Black 5 (1)
Mixed 1 (<1)
Other 2 (<1)

Education level (n = 318)
School left <16 years 22 (7)
School left 16 years 194 (61)
College 63 (20)
University 15 (5)
Other postgraduate 24 (8)

BPI scores, mean � SD
Severity 5.2 � 1.7
Interference 6.28 � 1.92

OKS scores, mean � SD
Total 18.23 � 5.83
Pain 36.75 � 12.70
Function 39.70 � 14.28

Pain Catastrophizing Scale, median (IQR) (n = 360)
Total 18 (9.25–30.5)
Rumination 8 (4–12)
Magnification 2 (1–5)
Helplessness 8 (4–14)

Pain solution (PaSol), median (IQR)
Solving pain (n = 362) 18 (14–22)
Meaningful life (n = 362) 22 (18–26)
Acceptance of the insolubility of pain
(n = 358)

8 (5–11)

Belief in solution (n = 359) 9 (6–12)
Patient Satisfaction, mean � SD (n = 360) 62.88 � 18.99
ICECAP-A, median (IQR) (n = 362) 0.78 (0.55–0.89)
SF-12, mean � SD
Physical score 33.44 � 6.51
Mental score 42.19 � 11.12

EQ-5D-5L, median (IQR) (n = 358) 0.53 (0.30–0.62)
DN4 score, mean � SD (n = 359) 3.79 � 1.71
Neuropathic pain characteristics according to DN4?
Yes 267 (74)
No 92 (26)

PainDETECT score, mean � SD 18.19 � 6.77

Characteristic

Neuropathic pain characteristics according to
PainDETECT?

Unlikely 76 (21)
Ambiguous 96 (26)
Likely 191 (53)

HADS: Anxiety
Normal 197 (54)
Borderline anxiety 71 (20)
Clinical anxiety 95 (26)

HADS: Depression (n = 362)
Normal 177 (49)
Borderline depression 91 (25)
Clinical depression 94 (26)

Pain frequency in past 24 hours (n = 361)
Rarely 1 (<1)
Sometimes 40 (11)
Often 98 (27)
Most of the time 164 (45)
All of the time 58 (16)

Pain frequency in past 4 weeks (n = 362)
Rarely 0 (0)
Sometimes 14 (4)
Often 102 (28)
Most of the time 156 (43)
All of the time 90 (25)

Satisfaction with overall results of TKR
(n = 359)

Very dissatisfied 21 (6)
Somewhat dissatisfied 72 (20)
Somewhat satisfied 154 (43)
Very satisfied 112 (31)

Satisfaction with improving pain (n = 359)
Very dissatisfied 47 (13)
Somewhat dissatisfied 117 (33)
Somewhat satisfied 139 (39)
Very satisfied 56 (16)

Satisfaction with improving ability to do
housework or gardening (n = 358)

Very dissatisfied 65 (18)
Somewhat dissatisfied 152 (42)
Somewhat satisfied 111 (31)
Very satisfied 30 (8)

Satisfaction with improving ability to do
leisure activities (n = 359)

Very dissatisfied 86 (24)
Somewhat dissatisfied 140 (39)
Somewhat satisfied 106 (30)
Very satisfied 27 (8)

Comparison of pain to preoperative pain (n = 362)
Much better 79 (22)
A bit better 70 (19)
The same 54 (15)
A bit worse 77 (21)
Much worse 82 (23)

Presence of chronic widespread pain
(Manchester definition)

Yes 16 (4)
No 347 (96)

* Values are the number (%) unless indicated otherwise. BPI = Brief Pain Inventory; DN4 = Dolour Neuropathic scale; EQ-5D-5L = 5-level version
of the EuroQol 5-domain instrument; HADS = Hospital Anxiety and Depression Scale; ICECAP-A = Icepop Capability Measure for Adults;
IQR = interquartile range; OKS = Oxford Knee Score; PaSOL = Pain Solutions Questionnaire; SF-12 = Short Form 12 health survey; TKR = total
knee replacement.
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From the linear regression model with the OKS function com-
ponent as the outcome (Table 5), in patients with pain at
13 weeks postoperatively, more severe functional limitation was
associated with higher levels of depression, higher pain cata-
strophizing, lower satisfaction with the outcome of surgery, and
higher levels of acceptance of the insolubility of pain.

DISCUSSION

The present study examined characteristics of people
reporting pain 10 to 13 weeks after TKR. We used the validated
OKS questionnaire pain component threshold to identify patients
with pain in the first 3 months after TKR. Using this standardized
pain definition, 30% of patients reported pain in their replaced
knee 10 weeks after surgery. Of the 553 patients who completed
a second OKS questionnaire by telephone (12 weeks after TKR),
30% reported an improvement in their OKS pain score from the
10-week measurement. However, for the majority (70%), the pain
was still present at 3 months. Applying the OKS pain threshold
allowed an in-depth evaluation of the characteristics of patients
with pain 3 months after TKR. We found that more than half of
the patients reported pain with neuropathic characteristics, one-
fourth of the patients reported probable depression or anxiety,
and 17% reporting both depression and anxiety. Despite still hav-
ing problems with pain, three-fourths of these patients were satis-
fied with their TKR outcome. Patients with more severe knee pain
at 3 months were likely to have poorer general health, poorer
physical health, higher pain worry (measured as pain catastroph-
izing), and lower satisfaction with the outcome of surgery.
Patients with greater functional limitations were more likely to have
higher levels of depression, higher pain worry, lower satisfaction
with the outcome of surgery, and higher levels of acceptance of
the pain’s insolubility.

Previously, the lack of a robust approach to screening has
been a barrier to the implementation of new services to improve
care for patients with pain after TKR (7). Our study demonstrated
that early screening using the OKS questionnaire definition of
chronic pain as a standardized approach to identify patients with
pain is achievable. In our large multicenter trial, one-third of
patients met our definition of pain at 10 weeks; this is not unex-
pected, as TKR has a long recovery period and individual
patients’ recovery trajectories vary (11). One-third of patients with

pain at 10 weeks had improved by 12 weeks, demonstrating that
patients can experience rapid recovery during this early postoper-
ative period. However, 70% of responding patients with pain at
10 weeks still had pain at 12 weeks, and for some, this pain is
likely to persist for the long term. Early screening to identify
patients with pain at 3 months could facilitate targeted care deliv-
ery (e.g., through transitional pain clinics) to prevent the transition
of acute pain to chronic pain (39).

The prevalence of neuropathic pain after TKR and other
types of surgery differs in the literature, likely due to variation in
definition and measurement (40). This warrants further research
and suggests a potential role for routine screening and treatment
of neuropathic pain after TKR. A systematic review by Finnerup
et al has identified inadequate response to pharmacotherapy for
neuropathic pain, which relates to modest efficacy, high placebo
rates, and poor phenotyping (41). Further work could examine
the development of targeted interventions including nonpharma-
cologic treatments. For example, the National Institute for Health
and Care Excellence currently recommends trials comparing the
effectiveness of combination therapy versus monotherapy for
neuropathic pain (42). Another potential target for intervention is
depression and anxiety, reported by one-fourth of participants in
our study. Given the known association between mental health
and chronic pain (43), concurrent treatment of both conditions
may improve outcomes for patients.

An interesting finding in the present study was that, despite
ongoing pain, satisfaction with treatment was high. This may have
been in part influenced by the relatively early time point of assess-
ment postsurgery and an acceptance that initial postoperative
pain is part of the recovery trajectory. Satisfaction is a complex
construct that can be influenced by a wide array of interrelated
factors (44). The degree of dissatisfaction experienced by patients
with chronic pain after TKR has been associated with various fac-
tors, including instability in the coronal plane, stiffness, and nega-
tive social support (17). Further research would help to further
understand the factors that influence patients’ satisfaction with
their outcome.

Our analysis also identified factors that were associated with
more severe pain and functional limitations at 3 months. These
associations are consistent with previous studies of pain condi-
tions (44–46) and present potential areas for intervention to
improve patient outcomes. Any such intervention should be

Table 4. Final model from the linear regression for associations with
pain 3 months after TKR (n = 352)*

Variable Coefficient (95% CI) P

EQ-5D-5L 19.9 (14.1, 25.8) <0.001
SF-12 (physical) 0.25 (0.09, 0.42) 0.003
Pain Catastrophizing Scale –0.27 (–0.36, –0.17) <0.001
Patient Satisfaction Scale 0.11 (0.05, 0.16) <0.001

* 95% CI = 95% confidence interval; EQ-5D-5L = 5-level version of the
EuroQol 5-domain instrument; SF-12 = Short Form 12 health survey.

Table 5. Final model from the linear regression for associations with
function 3 months after TKR (n = 353)*

Variable Coefficient (95% CI) P

HADS depression –1.18 (–1.55, –0.80) <0.001
PaSOL (acceptance of pain) –0.52 (–0.78, –0.25) <0.001
Pain Catastrophizing Scale –0.24 (–0.36, –0.12) <0.001
Patient Satisfaction Scale 0.09 (0.01, 0.16) 0.019

* 95% CI = 95% confidence interval; HADS = Hospital Anxiety and
Depression Scale; PaSOL = Pain Solutions Questionnaire;
TKR = total knee replacement.
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multidisciplinary to address the varied nature of factors associ-
ated with pain. The association of more severe functional limita-
tions with higher levels of pain acceptance of the insolubility of
pain that is beyond the general measures of mental health is highly
unusual and deserves further attention. This association might be
artifactual (floor effect), as 27% of the sample recorded “not appli-
cable” to the item “I can accept that there is no solution for my
pain.” Many patients found the idea of accepting the lack of a
solution as simply not relevant to their early postoperative phase.
The association could be explained by some patients entertaining
the idea of accepting the insolubility of pain because of severity of
symptoms. Speculatively, it could also demonstrate a fatalistic
coping strategy in which one expects pain after surgery. This cop-
ing style could be negative, acting as a barrier to engaging with
treatment-seeking for pain, or could be positive, acting as a
means to disengage from unachievable goals (47).

There are several factors limiting the interpretation of the
results from this study. First, the response rate of 61% to the initial
postal screening questionnaire at 10 weeks, although compara-
ble to other surveys of orthopedic populations (17,48), may have
introduced a responder bias (49). Of note, women were slightly
less likely to respond to the screening questionnaire, and female
sex was associated with more severe pain at 10 weeks; this
may underestimate pain prevalence. Second, our screening of
patients with pain after TKR began 10 weeks postoperatively,
sooner than the internationally accepted 3-month definition of
chronic postsurgical pain (50). This approach was necessary to
ensure the timely identification of patients with postoperative pain
at 3 months. Treatment of pain becomes more difficult once pain
is established and becomes chronic. Our study demonstrates
that identification of patients with pain early in the recovery trajec-
tory is feasible to undertake (12). Third, the data were cross-
sectional so the direction of effects could not be determined.
Fourth, our study sample was limited to those with pain 3 months
after TKR, which limits the generalizability of our results. When
interpreting the baseline factors associated with pain and func-
tion, we cannot know if these associations are unique to those
with pain 3 months after TKR. Such interpretation is further limited
by the lack of preoperative data on our patient cohort, which was
not feasible to obtain but would allow further examination of those
at higher risk of post-TKR pain. Finally, the measurement tools
limit interpretation; although the PainDETECT and DN4 are widely
used self-report screening tools for pain with neuropathic charac-
teristics, a detailed clinical examination is recommended to con-
firm diagnosis (51).

In conclusion, large-scale early screening after TKR identified
ongoing pain in a relatively high proportion of people who may
benefit from tailored intervention to prevent chronicity. Our study
found a high prevalence of pain with neuropathic characteristics
and identified several potential intervention targets to improve
outcomes for patients with pain at 3 months post-TKR. Research
is needed to build on our findings and evaluate multidisciplinary

and targeted interventions to improve outcomes for people with
pain after TKR.
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Novel Framework for Measuring Whole Knee Osteoarthritis
Progression Using Magnetic Resonance Imaging

Jeffrey B. Driban,1 Lori Lyn Price,2 Michael P. LaValley,3 Grace H. Lo,4 Ming Zhang,1 Matthew S. Harkey,1

Amanda Canavatchel,1 and Timothy E. McAlindon1

Objective. We developed and validated a set of composite scores that combine quantitative magnetic resonance
imaging (MRI)–based measurements of hyaline cartilage damage, bone marrow lesions (BMLs), and effusion-synovitis
into composite scores.

Methods. We selected 300 participants (n = 100 for development cohort; n = 200 for validation cohort) from the Oste-
oarthritis Initiative with complete clinical, radiographic, and MRI data at baseline and 24 months. We used semiautomated
programs to quantify tibiofemoral and patellar cartilage damage, BML volume, and whole-knee effusion-synovitis volume.
The candidate composite scores were formed by summing changes from baseline to 24 months based on prespecified
methods. We evaluated the candidate composite scores for 1) the ability to differentiate groups with and without knee
osteoarthritis progression (17 radiographic and patient-reported definitions), 2) sensitivity to change (standardized
response means), and 3) relative performance relating to legacy outcome measures of knee osteoarthritis progression.

Results. Three of 13 developed composite scores qualified for testing in the validation cohort (ranked by sensitivity
to change): whole-knee cumulative cartilage damage, unweighted total knee score, and BML plus effusion-synovitis
volume. Change in cumulative cartilage damage associated with radiographic progression (Kellgren/Lawrence grade:
odds ratio [OR] 1.84; joint space width progression: OR 2.11). Changes in the unweighted total knee score (OR 1.97)
and BML plus effusion-synovitis score (OR 1.92) associated with Western Ontario and McMaster Universities Osteoar-
thritis Index knee pain progression.

Conclusion. Two composite scores emerged, reflecting discrete domains of knee osteoarthritis progression. First,
cumulative damage, which is measured by a whole-knee cartilage damage score, reflects the damage accrued over
time. Second, dynamic disease activity, which is measured by a BML plus effusion-synovitis score, relates to changes
in a patient’s state of disease and symptoms.

INTRODUCTION

Osteoarthritis (OA) of the knee is a highly prevalent age-

related disorder and a leading cause of pain and functional

impairment in the population (1). Despite this, there are few effec-

tive interventions for knee OA and none accepted to reduce its

structural progression (2). One of the most significant obstacles

to testing and developing disease-modifying therapies for knee

The views expressed in this article are those of the authors and do not
necessarily represent the views of the Department of Veterans Affairs or
the NIH.

This article was prepared using an Osteoarthritis Initiative (OAI) public-use
data set, and its contents do not necessarily reflect the opinions or views of
the OAI Study Investigators, the NIH, or the private funding partners of the
OAI. The OAI is a public–private partnership between the NIH (contracts
N01-AR-2-2258, N01-AR-2-2259, N01-AR-2-2260, N01-AR-2-2261, and N01-AR-
2-2262) and private funding partners (Merck Research Laboratories, Novartis
Pharmaceuticals, GlaxoSmithKline, and Pfizer, Inc.) and is conducted by the
OAI Study Investigators. Private sector funding for the OAI is managed by the
Foundation for the NIH. The funding sources had no role in study design; in
the collection, analysis, and interpretation of data; in the writing of the report;
nor in the decision to submit the article for publication.

Supported by a grant from the NIH/National Institute of Arthritis and
Musculoskeletal and Skin Diseases (NIAMS; grant U01-AR-067168), from the
NIH/National Center for Advancing Translational Sciences (grant UL1-TR-
002544), and from resources at the Center for Innovations in Quality,

Effectiveness and Safety (CIN 13-413; Veterans Affairs Health Services
Research & Development Service). Dr. Lo’s work was supported by the
NIH/NIAMS (grant K23-AR-062127) with an NIH/NIAMS funded mentored
award, which provided support for design and conduct of the study, analysis,
and interpretation of the data. Dr. Harkey’s work was supported by the NIH
(grant 5-TL1-TR-454-3).

1Jeffrey B. Driban, PhD, ATC, CSCS, Ming Zhang, PhD, Matthew S. Harkey,
PhD, ATC, Amanda Canavatchel, BS, Timothy E. McAlindon, MD, MPH: Tufts
Medical Center, Boston, Massachusetts; 2Lori Lyn Price, MAS, MLA: Tufts Uni-
versity and Tufts Medical Center, Boston, Massachusetts; 3Michael P. LaValley,
PhD: Boston University School of Public Health, Boston, Massachusetts;
4Grace H. Lo, MD, MSc: Baylor College of Medicine, Houston, Texas.

No potential conflicts of interest relevant to this article were reported.
Address correspondence to Jeffrey Driban, PhD, ATC, CSCS, Division of

Rheumatology, Allergy, and Immunology, Tufts Medical Center, 800 Washing-
ton Street, Box 406, Boston, MA 02111. Email: Jeffrey.driban@tufts.edu.

Submitted for publication April 27, 2020; accepted in revised form
November 10, 2020.

799

Arthritis Care & Research
Vol. 74, No. 5, May 2022, pp 799–808
DOI 10.1002/acr.24512
© 2020 American College of Rheumatology

https://orcid.org/0000-0001-6098-4273
https://orcid.org/0000-0003-0664-8978
https://orcid.org/0000-0003-3142-1839
https://orcid.org/0000-0002-3480-3173
mailto:Jeffrey.driban@tufts.edu
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24512&domain=pdf&date_stamp=2022-03-01


OA is the absence of measures of disease progression that

meaningfully reflect a change in patient status (3). For regulatory

agencies to accept an imaging biomarker of knee OA progres-

sion the biomarker must: 1) reflect the complex pathology

throughout the joint, 2) address the apparent discordance

between structural changes and signs/symptoms/function, 3)

offer a standardized definition of disease progression, and 4)

reliably predict meaningful changes in symptoms and func-

tion (3).
Semiquantitative scales are comprehensive, but the

approach is inherently insensitive to change (4) and limited by
the absence of a validated composite measurement reflecting
severity in the whole knee (5,6). Quantitative measurements in
knees have also been limited by a focus on single structures
(e.g., hyaline cartilage) (7–11).

Over the past decade, there has been a paradigm shift from
conceptualizing knee OA as a single-structure disorder, based in
hyaline cartilage, to a multi-tissue “whole-organ” failure of di-
arthrodial joints (2). Magnetic resonance imaging (MRI) has
revealed structural features, such as bone marrow lesions
(BMLs) and effusion-synovitis, which are clinically relevant (12).
BMLs reflect altered periarticular bone morphology and density
(13,14) and associate with hyaline cartilage damage and pain
(12,15,16). BMLs appear to be responsive to clinical intervention
(17–19) and have been proposed as a therapeutic target for knee
OA disease modification (18,20). Effusion-synovitis is also com-
mon in knee OA and is strongly associated with pain (12,21,22)
and hyaline cartilage loss (23,24).

Combining these relevant features into a single quantitative
composite knee score, rather than measuring each feature sepa-
rately, could advance the field forward by addressing 1) the multi-
factorial and complex etiopathogenesis of knee OA, 2) the
discordance between structural changes and signs/symptoms/
function, and 3) the lack of consensus for the best definitions of

disease progression. However, while this is an appealing con-
cept, there are methodologic issues that need to be addressed
to determine if a composite score is practical, feasible, and valid.
The first question is whether measures of each feature can be
combined in a way that is internally (heuristically) consistent. For
example, it is unclear if a change in BMLs, which relates to a

Figure 1. Measurement of medial tibiofemoral cartilage damage
index (CDI) on paired baseline (top) and 24-month (bottom) follow-
up magnetic resonance images. Images show the medial tibiofemoral
CDI with cartilage thickness being assessed at 3 out of 9 informative
locations (yellow lines) on a tibia (red line) and femur (blue line). These
measurements contribute to the whole-knee cumulative cartilage
damage.

SIGNIFICANCE & INNOVATIONS
• Clinical trials for knee osteoarthritis (OA) urgently

need quantitative composite whole-knee scores
that address 1) the multifactorial and complex etio-
pathogenesis of knee osteoarthritis, 2) the discor-
dance between structural changes and signs/
symptoms/function, and 3) the lack of consensus
for the best definitions of disease progression.

• We offer 2 composite scores that reflect discrete
domains of knee OA progression.

• Cumulative damage is defined as the joint damage
accrued over time, reflected by a whole-knee carti-
lage damage score.

• Disease activity is defined as a patient’s state of dis-
ease and symptoms that may ebb and flow,
reflected by a bone marrow lesion plus effusion-
synovitis score.
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change in pain, can or should be combined with a change in hya-
line cartilage, which relates to joint space narrowing (JSN). A sec-
ond challenge is to determine how to mathematically combine the
individual features into a single composite score that retains con-
struct validity and optimizes the ability to detect a treatment differ-
ence (discriminative validity). Therefore, the goals of this study
were to develop and validate candidate composite scores that
combine quantitative measurements of hyaline cartilage damage,
BMLs, and effusion/synovitis (Figures 1 and 2) into composite
scores that are heuristically consistent, and then determine sensi-
tivity to change, and identify the best performing composite
scores in relation to established legacy measures of knee OA pro-
gression (i.e., joint space width [JSW], Kellgren/Lawrence [K/L]
grade, and Western Ontario and McMaster Universities Osteoar-
thritis Index [WOMAC] pain score).

MATERIALS AND METHODS

Overview. To develop and validate composite, quantitative,
MRI-based outcome scores, we selected 2 subcohorts from the
Osteoarthritis Initiative (OAI), a multicenter cohort study of individ-
uals with or at risk for symptomatic knee OA in the US. We used a
development cohort (n = 100) to develop and perform preliminary

analyses to assess construct validity of candidate composite
scores based on measures of radiographic progression as well
as changes in quality of life and knee pain (Table 1). Then we used
a validation cohort (n = 200) to confirm the construct validity of the
best-performing composite scores by determining which com-
posite scores exhibit the best discriminative ability and sensitivity
to change.

Selection of subcohorts. The OAI included 4 clinical sites
(Memorial Hospital of Rhode Island, Ohio State University, Univer-
sity of Maryland and Johns Hopkins University, and the University
of Pittsburgh) and recruited participants between February 2004
and May 2006. Each clinical site and the coordinating center
obtained institutional review board approval for the OAI. Informed
consent was obtained from every participant.

In the course of prior analyses, the OAI investigators formed
a Core Image Assessment sample that reflected people typically
enrolled in clinical trials. This convenience sample consisted of
one knee from 600 participants with symptomatic knee OA at
baseline (frequent knee pain and K/L grade 2 or 3) and complete
baseline and 24-month data for clinical, radiographic, and MRI
outcomes (25). The current project used newer central radio-
graphic readings, which explained why a few people had K/L

Figure 2. Measurement of medial tibiofemoral bone marrow lesion (BML) volume (mm3) and whole-knee effusion-synovitis volume (mm3) on
paired baseline (A and C) and 24-month follow-up (B and D) magnetic resonance images. Images show a segmented BML (A and B; yellow)
and effusion-synovitis segmentation (C and D; yellow). These measurements are components of the score based on BML plus effusion-synovitis
volume.
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grades of 0, 1, or 4. We used the Core Image Assessment sample
to assemble our 2 subcohorts for these analyses. We first
selected participants for the development cohort. Within each
K/L grade, we randomly sampled participants with and without
radiographic progression (any increase in K/L grade over
24 months). The process was then repeated for the validation
cohort after excluding the participants in the development cohort.

MRI. Each OAI site acquired knee MRI images at baseline
and 24-month follow-up visits using identical 3T Trio MRI systems
and knee coils (Siemans). The OAI used study-certified, licensed
MRI technologists and completed comprehensive quality control
measurements to promote quality, provide consistency across
sites, and ensure longitudinal uniformity (26,27).

Acquisitions included a 3-dimensional dual echo steady
state (3D DESS) sequence (field of view 140 mm, slice thickness
0.7 mm, skip 0 mm, flip angle 25�, echo time 4.7 msec, recovery
time 16.3 msec, matric 307 × 384 pixels, x-resolution 0.365 mm,
and y-resolution 0.456 mm) and an intermediate-weighted fat
suppressed (IWFS) sequence (field of view 160 mm, slice thick-
ness 3 mm, skip 0 mm, flip angle 180�, echo time 30 msec,
recovery time 3,200 msec, 313 × 448 matrix, x-resolution
0.357 mm, and y-resolution 0.511 mm).

Radiographic outcomes. OAI participants had annual,
bilateral weight-bearing, fixed-flexion posteroanterior knee radio-
graphs taken. Central readers provided K/L grades, medial and
lateral JSN grades, and medial JSW measurements. The intrara-
ter agreement for K/L and JSN grades using the weighted kappa
ranged from 0.70 to 0.88, and the intraclass correlation coefficient
(ICC) for JSWwas >0.9 (27). We used the baseline and 24-month
data to define K/L grade, JSN, and JSW progression. The opera-
tional definitions of progression in these constructs are in Table 1.
Data are publicly available at https://data-archive.nimh.nih.gov/
oai (kxr_sq_bu00 [version 0.8], kxr_sq_bu00 [version 3.7],
kxr_qjsw_duryea00 [version 0.8], and kxr_qjsw_duryea03 [ver-
sion 3.7]).

Patient-centered outcomes. The WOMAC question-
naire measuring knee-specific pain (0 to 20 scale) was obtained
at each OAI visit. We used baseline and 24-month WOMAC pain
scores to calculate pain progression. We used the 4 Knee Injury
and Osteoarthritis Outcome Score (KOOS) quality of life questions
because we were interested in the unique concepts they reflect,
as follows: 1) awareness of knee problem, 2) modifying activities,
3) lack of confidence, and 4) difficulty with a knee. The operational
definitions of progression in these constructs are in Table 1. Data
are publicly available at https://data-archive.nimh.nih.gov/oai (all-
clinical00 [version 0.2.2] and allclinical03 [version 3.2.1]).

Quantitative measurement of change in cartilage
damage. We used a validated approach (28–30) to quantify

cartilage damage on the 3D DESS MR images from the baseline
and 24-month visits (Figure 1). The Cartilage Damage Index
(CDI) generates a single measure from measurements of cartilage
thickness obtained from predetermined regions of interest

Table 1. Binary outcomes used for construct validity steps in the
development and validation cohorts*

Outcome
Details of change from baseline to

24-month visit

Radiographic
K/L grade progression Any change in K/L grade
Lateral JSN progression Any change in lateral JSN
Medial JSN progression Any change in medial JSN
JSN progression Any change in medial or lateral JSN
Medial JSW progression Change ≥ median change in the

development dataset
Quality of life
KQOL 1 improvement KQOL item 1 improves from 2 worst

responses to 3 best responses
(how often aware of problems
with knee[s])

KQOL 1 worsens KQOL item 1 worsens from 3 best
responses to 2 worst responses
(how often aware of problems
with knee[s])

KQOL 2 improvement KQOL item 2 improves from 2 worst
responses to 3 best responses
(modified lifestyle to avoid
potentially damaging activities to
knee[s])

KQOL 2 worsens KQOL item 2 worsens from 3 best
responses to 2 worst responses
(modified lifestyle to avoid
potentially damaging activities to
knee[s])

KQOL 3 improvement KQOL item 3 improves from 2 worst
responses to 3 best responses
(how much troubled with lack of
confidence in knee[s])

KQOL 3 worsens KQOL item 3 worsens from 3 best
responses to 2 worst responses
(how much troubled with lack of
confidence in knee[s])

KQOL 4 improvement KQOL item 4 improves from 2 worst
responses to 3 best responses (in
general, how much difficulty have
with knee[s])

KQOL 4 worsens KQOL item 4 worsens from 3 best
responses to 2 worst responses
(in general, how much difficulty
have with knee[s])

Pain
WOMAC pain

progression
Pain increased by at least 2 points
on 0–20 scale

WOMAC pain
progression

Pain increased by at least 3 points
on 0–20 scale

WOMAC pain
improvement

Pain decreased by at least 2 points
on 0–20 scale

WOMAC pain
improvement

Pain decreased by at least 3 points
on 0–20 scale

* JSN = joint space narrowing; K/L = Kellgren/Lawrence;
KQOL = Knee Injury and Osteoarthritis Outcome Score quality of life
question; WOMAC = Western Ontario and McMaster Universities
Osteoarthritis Index.
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distributed across 6 regions in the knee joint: medial and lateral
tibia, femur, and patella. We deployed a semiautomated interface
to delineate the bone-cartilage boundary on the automatically
selected MR images. We also used the interface to automatically
identify the predefined informative locations to measure cartilage
thickness in each of the 6 regions (9 locations in each tibiofemoral
region, 12 locations in patellar regions). The CDI summary mea-
sure is calculated by summing the products of cartilage thickness,
cartilage length, and voxel size from each of the informative loca-
tions. The ICC for the baseline measures ≥0.86 with ≥72 hours
between read and re-read (28–31).

Quantitative measurement of change in BMLs. We
measured BML volume in the medial and lateral tibia, femur, and
patella regions using the IWFS MR sequence and a validated
semiautomated software (Figure 2) (32). We defined BMLs as
regions of high-signal intensity within a bone that appeared on
≥2 slices and were within 10 mm of the articular surface
(15,33,34). The software uses thresholding to delineate sus-
pected BML regions. The reader (AC) manually adjusted the
threshold and removed artifacts. All BML segmentation results
were reviewed for quality by a second reader (JBD) and adjusted
when necessary. Our reader had good intrareader reliability
among 20 knees measured twice with ≥48 hours between read-
ings: ICC 0.98 for baseline BML volume.

Quantitative measurement of change in effusion-
synovitis volume.Wemeasured whole-knee effusion-synovitis
volume using the IWFS MR sequence and a validated semiauto-
mated software, using an approach that has been described pre-
viously (Figure 2) (35–37). Effusion-synovitis segmentation results
were read by one reader and reviewed for quality by a second
reader (MZ), with changes made when necessary. Our reader
had good intrareader reliability among 15 knees measured twice
with ≥48 hours between readings: ICC 0.87 for baseline
effusion-synovitis volume.

Analytic approach. Standardizing MRI-based measures
of change to the same scale.We generated 13 MRI-based struc-
tural measurements: articular cartilage damage measured by
CDI (6 measurements: medial and lateral femur, tibia, and
patella), BML volume (6 measurements: medial and lateral
femur, tibia, and patella), and effusion-synovitis volume (single
whole-knee measurement). We adjusted each structural mea-
sure for knee size based on femur width (medial to lateral femoral
epicondyle). Next, we subtracted the baseline mean and divided
by the baseline SD ([measure – baseline mean]/baseline SD) to
transform all measurements to the same scale (mean 0 and SD
1). We calculated change in each structural measurement by
subtracting the baseline from the 24-month value. We multiplied
the CDI change measurements by (–1) to ensure greater change

represented worsening disease burden among all the structural
measurements.

Development of candidate composite knee scores. In the
development cohort, we implemented 4 approaches to select
features to combine into 13 candidate composite knee scores.

For the first approach, we created whole-knee composite
scores, which included all 13 measures of change in cartilage,
BML, and effusion-synovitis. We used 3 mathematical methods
to calculate total MRI-based scores: 1) unweighted summation,
2) inverse variance weighting, and 3) weighting according to the
eigenvectors from a principal component analysis (PCA).

For the second approach, we used expert judgment based
on the existing literature to select MRI-based features that might
reasonably be combined: 1) a cumulative cartilage damage score
comprising all 6 measures of cartilage change and 2) a BML plus
effusion-synovitis composite score using all 7 measures of
change in BML and effusion-synovitis volumes. We used an
unweighted sum (simple addition) to calculate these 2 candidate
composite scores.

For the third approach, we used a data-driven process
based on a PCA to identify principal components (i.e., structural
measures that cluster together based on correlated measures of
change in MRI-based features). The PCA enabled us to determine
if structural measures group together according to anatomic loca-
tion (e.g., medial femoral BML volume and cartilage change) or
within a given tissue (e.g., all BML volumes). Each principal com-
ponent with an eigenvalue of >1 was considered a candidate
composite knee score. For each component with an eigenvalue
of >1, we calculated a candidate composite knee score by multi-
plying standardized measures of each MRI-based feature that
had a factor loading of >0.4 (absolute value) in a principal compo-
nent by its eigenvector divided by the sum of the eigenvectors of
the contributory components. For the fourth approach, we calcu-
lated 2 variables using an unweighted sum of BML or effusion-
synovitis volumes in the whole knee.

Preliminary evaluation of the candidate composite score in
the development cohort. To prune the set of candidate composite
scores before advancing these to the validation sample, we per-
formed preliminary analyses in the development cohort. We eval-
uated the performance of each candidate composite score to
differentiate knee OA progressors from nonprogressors based
on a 2-year change in 17 dichotomous measures of pain, quality
of life, and radiography (Table 1) using Wilcoxon’s rank sum test.

Our decision rule to identify the best-performing composite
scores that warranted further validation was that a candidate
composite score needed to differentiate (P < 0.20 by Wilcoxon’s
rank sum test [38]) between groups with and without knee OA
progression for at least 1 measure in each of the 3 constructs:
5 measures of radiographic progression, 8 measures of quality
of life, and 4 measures of knee pain (Table 1).

Confirmation of validity of the best-performing composite
scores. In the validation cohort, we examined the best performing
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candidate composite scores from the development cohort. Spe-
cifically, we re-assessed their performance based on 3 criteria:
1) an ability to differentiate groups with and without knee OA pro-
gression (radiographic and patient-reported), 2) sensitivity to
change, and 3) associations with several commonly used out-
come measures of knee OA progression. First, to confirm
whether a candidate quantitative composite knee score differenti-
ated groups, we evaluated the same 17 dichotomized measures
tested in the development cohort (requiring a P value of less than
0.05 by Wilcoxon’s rank sum test). Second, we calculated sensi-
tivity to change for each candidate composite knee score using a
standardized response mean (SRM) and interquartile range (IQR).
Finally, we compared the performance of each candidate com-
posite score using the area under the receiver operating

characteristic curve (AUC) and odds ratios (ORs) in relation to
commonly used outcome measures of knee OA progression:
change in K/L grade, JSW, and pain. To help compare our results
with a prior biomarker study, we adjusted for the same variables
they selected: sex, race, age, body mass index (BMI), K/L grade,
WOMAC pain measure, use of pain medications, and minimum
JSW (39). The ORs and 95% confidence intervals were calculated
using 1 SD as the unit of analysis.

The assumption of linearity of the candidate composite
scores with the outcomes was assessed. We used model diag-
nostics to identify potential outliers and influential points in the
multivariable models. P values were not adjusted to account for
multiple comparisons. We performed all analyses using SAS soft-
ware, version 9.4.

RESULTS

We removed 1 participant from the development cohort and
3 participants from the validation cohort due to concerns with MRI
quality (e.g., metal artifact, pathologic changes unrelated to knee
OA). The 99 participants in the development cohort had a mean
age of 62 years, mean BMI of 30 kg/m2, and 60% were female
(Table 2). Similarly, the 197 participants in the validation cohort
had a mean age of 61 years, mean BMI of 30 kg/m2, and 54%
were female (Table 2).

Development and preliminary evaluation of the
candidate composite scores in the development cohort.
The development process produced 13 candidate composite
scores of structural changes (Table 3). Four of the 13 candidate
composite scores met our decision rule based on discriminatory
ability to advance as a best-performing composite score (see
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24512/
abstract). These included 1) the unweighted total knee score, 2)

Table 2. Participant characteristics*

Development
cohort (n = 99)

Validation
cohort (n = 197)

Female 59 (59.6) 107 (54.3)
Age, mean � SD years 61.5 � 8.6 61.2 � 8.8
BMI, mean � SD kg/m2 30.2 � 4.6 30.1 � 5.1
K/L grade
0 1 (1.0) 1 (0.5)
1 9 (9.1) 9 (4.6)
2 40 (40.4) 83 (42.1)
3 47 (47.5) 101 (51.3)
4 2 (2.0) 3 (1.5)

Progression, K/L grade† 29 (29.9) 56 (28.9)
Progression, medial JSW‡ 47 (47.5) 92 (46.7)
WOMAC pain, mean � SD
(baseline)

4.4 � 3.6 5.0 � 3.6

WOMAC pain, worsen at least
3 points

20 (20.2) 31 (15.7)

* Values are the number (%) unless otherwise indicated. BMI = body
mass index; JSW = joint space width; K/L = Kellgren/Lawrence;
WOMAC = Western Ontario and McMaster Universities Osteoarthri-
tis Index.
† K/L grade progression is any worsening in the K/L score.
‡ Medial JSW progression is more change than the median change.

Table 3. Candidate quantitative composite knee scores in the development cohort*

Score Calculation

Principal component 1† Sum of CDI in the lateral and medial patella and BML in the medial patella
Principal component 2‡ Sum of BML in lateral and medial tibia
Principal component 3‡ Sum of CDI in the lateral patella, effusion-synovitis volume, and BML in the lateral patella
Principal component 4‡ Sum of CDI in the medial femur and tibia and BML in the medial femur
Principal component 5‡ Sum of BML in lateral femur, medial femur, and lateral patella
Principal component 6‡ Sum of CDI in the lateral femur and tibia
PCA-weighted total Sum of all 13 measurements, weighted by the principal component loading
Inverse variance weighting total Sum of all 13 measures, Inverse variance weighted
Unweighted total† Sum of all 13 measurements (simple addition)
Cumulative cartilage damage† Sum of all 6 CDI measures
BML plus effusion-synovitis† Sum of all 6 BML and effusion-synovitis measures
Whole knee BML volume Sum of all 6 BML measures
Whole knee effusion-synovitis volume Sum of all effusion-synovitis volumes

* BML = bone marrow lesion; CDI = cartilage damage index; PCA = principal component analysis.
† Met criteria for further testing in the validation cohort.
‡ All knee composite scores based on the principal components analysis are multiplied by the eigenvector for the component and divided by
the sum of the eigenvectors of the 6 components.
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cumulative cartilage damage, 3) BML plus effusion-synovitis vol-
ume, and 4) change in the first principal component (patellar dam-
age component).

Confirmation of validity of the best-performing
composite scores in the validation cohort. Change in the
BML plus effusion-synovitis score was the only candidate com-
posite knee score to differentiate progressors and nonprogres-
sors for at least 1 measure within each of the 3 constructs (see
Supplementary Table 1, at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24512/abstract). Specifically, change in the BML
plus effusion-synovitis score differentiated progressors and non-
progressors for 1 out of 5 radiographic measures, 1 out of 6 qual-
ity of life measures, and 3 out of 4 knee pain measures. Change in
the cumulative cartilage damage differentiated groups for 4 radio-
graphic measures, 1 quality of life measure, but none of the knee
pain measures. Change in the unweighted total knee score differ-
entiated groups for 3 radiographic measures, none of the quality-
of-life measures, and 3 knee pain measures. Finally, change in the
first principal component only differentiated progressors and non-
progressors for one measure of radiographic progression. Here-
after, we omitted the first principal component from the analyses.

Sensitivity to change in the validation cohort. The
cumulative cartilage damage had the greatest sensitivity to
change (SRM 1.19; mean � SD 0.88 � 0.74), followed by the
unweighted total knee score (SRM 0.48; mean � SD
1.52 � 3.16) and BML plus effusion-synovitis (SRM 0.22;
mean � SD 0.65 � 2.96). Alternatively, the unweighted total knee
score had the largest IQR of change (IQR 2.49; 25th percentile
0.12, 75th percentile 2.61) followed by BML plus effusion-
synovitis (IQR 1.90; 25th percentile –0.43, 75th percentile 1.47)

and cumulative cartilage damage (IQR 0.89; 25th percentile
0.40, 75th percentile 1.29).

Associations with commonly used knee OA progres-
sion outcomes. Table 4 summarizes the associations between
the candidate composite scores and progression in K/L grade,
medial JSW, and WOMAC pain. In adjusted models, change in
cumulative cartilage damage was the only candidate associated
with K/L grade progression (OR 1.84) or JSW progression
(OR 2.11). Changes in the unweighted total knee score
(OR 1.97) and BML plus effusion-synovitis score (OR 1.92) was
associated with WOMAC knee pain progression.

DISCUSSION

We showed that quantitative composite knee scores using
quantitative measurements of cartilage damage, BML, and
effusion-synovitis have construct validity with radiographic struc-
tural progression (cartilage damage score) and worsening of knee
pain (unweighted total score and BML plus effusion-synovitis
score). We also considered a data-driven approach to identify
novel candidate composite scores (e.g., tibial BMLs, patellar
pathology); however, these failed to demonstrate adequate per-
formance in the development data set. Furthermore, despite our
presumption that one definition of knee OA structural progression
may be ideal, we found that 2 composite scores of disease pro-
gression may provide a more pragmatic approach to standardize
the definitions of knee OA progression. By adopting 2 definitions
of disease progression—one for cumulative disease burden and
another for more dynamic processes related to patient-centered
outcomes—we can overcome some significant obstacles to test-
ing disease-modifying therapies for knee OA. Specifically, these
definitions, and their respective scores, address the multifactorial

Table 4. Odds ratios (ORs) and area under the receiver operating characteristic curve (AUC) for composite scores in
the validation cohort*

Unadjusted Adjusted†

Knee measure OR (95% CI) AUC OR (95% CI) AUC

K/L grade progression
Unweighted total score 1.29 (0.94–1.77) 0.60 1.38 (0.97–1.96) 0.71
Cumulative cartilage damage 1.54 (1.12–2.11) 0.64 1.84 (1.27–2.69) 0.72
BML plus effusion-synovitis 1.17 (0.85–1.61) 0.59 1.21 (0.86–1.70) 0.70

Medial JSW progression
Unweighted total score 1.20 (0.90–1.61) 0.56 1.21 (0.89–1.64) 0.63
Cumulative cartilage damage 1.93 (1.38–2.72) 0.67 2.11 (1.44–3.07) 0.70
BML plus effusion-synovitis 1.05 (0.79–1.39) 0.52 1.05 (0.78–1.41) 0.63

WOMAC pain progression
Unweighted total score 1.72 (1.18–2.52) 0.63 1.97 (1.26–3.08) 0.76
Cumulative cartilage damage 1.28 (0.89–1.84) 0.55 1.31 (0.86–1.98) 0.72
BML plus effusion-synovitis 1.69 (1.15–2.48) 0.65 1.92 (1.23–3.01) 0.76

* 95% CI = 95% confidence interval; BML = bone marrow lesion; JSW = joint space width; K/L = Kellgren/Lawrence;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† Adjusted for age, sex, body mass index, race, WOMAC pain, K/L grade, JSW, and use of pain medication.
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and complex nature of knee OA, represent structural changes in
the whole knee, the discordance between structural changes
and signs/symptoms/function, and offer a new framework to
define knee OA progression (3).

This work builds on the potential brought by MRI imaging as
a powerful outcome tool to measure structures throughout a joint.
Thus far, no assessment strategy has met the demand to define
structural severity in the whole joint or to reflect changes in impor-
tant patient-relevant outcomes. Semiquantitative scales have
great utility but are insensitive to change (4) and lack a validated
composite score to reflect severity in the whole knee (5,6). To
overcome these challenges, we deployed our parsimonious vali-
dated methods to quantify cartilage loss, BMLs, and effusion-
synovitis, which are clinically relevant features of knee
OA. Furthermore, the cartilage damage score (representing tibial,
femoral, and patellar regions) and BML plus effusion-synovitis
score (representing tibial, femoral, and patellar regions and
effusion-synovitis throughout the knee) reflect pathologic
changes throughout the knee. These new composite scores rely
on quantitative measurements, which address concerns about
combining semiquantitative scores to create a whole-knee score
(5,6). Furthermore, these new whole-knee scores offer an alterna-
tive to the typical focus on a single region or compartment of the
knee (e.g., medial tibiofemoral) with burdensome quantitative
methods.

Based on our findings, the cumulative cartilage damage and
BML plus effusion-synovitis composite scores reflect different
constructs of knee OA progression. Cumulative cartilage damage
represents hyaline cartilage damage throughout the knee, relates
to radiographic severity, and reflects the damage attributable to
knee OA over the course of the disease. The relationship between
cartilage damage with radiographic severity complements prior
evidence that regional and compartment-specific semiquantita-
tive and quantitative MRI-based assessments of cartilage dam-
age progression discriminate and predict structural progression
defined by radiographs better than progression in patient-
reported outcomes (12,25,39). The novelty of the cumulative car-
tilage damage score is that it is a fully quantitative composite
score representing key informative locations throughout the knee,
which is optimized to discriminate change. Future studies may
clarify whether short-term changes in the cumulative cartilage
damage score predict long-term symptoms—a hypothesis sup-
ported by regional measures of cartilage loss modestly predicting
future total knee replacements (40,41). In contrast to cumulative
cartilage damage, the BML plus effusion-synovitis composite
score may reflect a more dynamic disease activity process that
relates to knee pain and reflects a patient’s current state of dis-
ease and symptoms. These findings are consistent with prior
reports that effusion-synovitis and BMLs relate to changes in
patient-reported outcomes (12,32,42). The novelty of the BML
plus effusion-synovitis composite score is that it is a fully quantita-
tive composite score that combines BML volumes and effusion-

synovitis volumes throughout the knee to maximize the potential
to discriminate change. Overall, these findings are consistent with
the heuristic used in other rheumatologic diseases that separately
measure damage and disease activity (43).

Our study does have some limitations. Meniscal damage, an
important but complex component of knee OA, is not included in
our composite scores. There is merit in determining the optimal
measures of meniscal change among people with knee OA and
then working on including the meniscus into future composite
scores. However, the exclusion of a meniscal measure does not
undermine our primary finding that knee OA progression may be
conceptualized as 2 constructs. Future research will clarify if
meniscal measurements contribute to the cumulative damage
score or if meniscal changes represent another unique construct
of knee OA progression. Osteophytes were also not included in
our composite scores because their progression is slow and
unlikely to change meaningfully in 24 months.

We also observed modest AUCs, possibly reflecting the
imprecision in using construct validity in the absence of a gold
standard for knee OA progression. For example, we were limited
to using radiographic outcomes focused on the tibiofemoral joint
despite our focus on MRI-based changes throughout the joint.
We also did not account for multiple testing in our significance
tests. While we used a sequential testing strategy with develop-
ment and validation subcohorts to reduce the number of falsely
recommended quantitative composite scores, these composite
scores need further testing on other data for full validation, includ-
ing evaluating the internal consistency of the scores. Finally, we
demonstrated that the new composite scores outperform
whole-knee BML or effusion-synovitis volumes and relate to
radiographic outcomes (e.g., JSW change, K/L grade change).
However, future studies are needed to compare these new
scores to traditional measures of structural progression
(e.g., JSW change, mean cartilage thickness change) in regard
to predicting patient-centered outcomes and discriminating
group differences in clinical trials.

Our study has several strengths. First, we used a robust, lon-
gitudinal cohort with high-quality MR images. Second, we used
validated semiautomated quantitative measures of cartilage dam-
age (29,30), BML volume (32), and effusion-synovitis volume
(35–37) that are less burdensome than other measurement
methods. Furthermore, these software programs can be dissem-
inated for use by technicians with a modest training requirement.
Finally, we used separate development and validation subcohorts
for more rigorous validation of the composite knee scores.

In conclusion, we showed that quantitative composite knee
scores based on MRI measures of cartilage damage, BML, and
effusion-synovitis are associated with knee OA progression. Our
analyses offer a new perspective on knee OA progression
reflected in the 2 different domains. First, cumulative damage,
which is measured by a cumulative cartilage damage score, is
associated with radiographic progression and reflects the
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damage attributable to knee OA over the course of the disease.
Second, dynamic disease activity, which is measured by a BML
plus effusion-synovitis score, relates to changes in a patient’s
state of disease and symptoms. These domains of knee OA pro-
gression, and their respective scores, address the multifactorial
and complex nature of knee OA, the discordance between struc-
tural changes and signs/symptoms/function, offer a new frame-
work to define knee OA progression, and have promise as
MRI-based biomarkers.
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Osteitis in Systemic Sclerosis: A Nationwide Case–Control
Retrospective Study
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Objective. Systemic sclerosis (SSc) is an autoimmune connective tissue disorder characterized by skin fibrosis,
vasculopathy, and dysimmunity. Data regarding osteitis in SSc are scarce.

Methods. We performed a nationwide multicenter, retrospective, case–control study including patients with SSc,
according to the 2013 American College of Rheumatology/European Alliance of Associations for Rheumatology clas-
sification, with a diagnosis of osteitis. The objectives of the study were to describe, to characterize, and to identify
associated factors for osteitis in patients with SSc.

Results. Forty-eight patients were included. Twenty-six patients (54.1%) had osteitis beneath digital tip ulcers. Phys-
ical symptoms included pain (36 of 48, 75%), erythema (35 of 48, 73%), and local warmth (35 of 48, 73%). Thirty-one (65%)
patients hadmedian (interquartile range) C-reactive protein levels >2mg/liter of 8 (2.7–44.3) mg/liter. On radiography, com-
puted tomography, or magnetic resonance imaging, osteitis was characterized by swelling or abscess of soft tissues, with
acro-osteolysis or lysis in 28 patients (58%). Microbiological sampling was performed in 45 (94%) patients. Most patho-
gens were Staphylococcus aureus (43.8%), anaerobes and Enterobacteriaceae (29.1%), and Pseudomonas aeruginosa
(10.4%). Management comprised antibiotics in 37 (77.1%) patients and/or surgery in 26 (54.2%). Fluoroquinolones were
used in 22 (45.8%) patients, and amoxicillin plus β-lactamase inhibitor in 7 (14.6%). Six (12.6%) patients relapsed,
6 (12.6%) patients had osteitis recurrence, 15 (32%) sequelae, and 2 patients had septic shock and died.

Conclusion. This study confirmed digital tip ulcers as an associated factor for osteitis and revealed a high rate of
functional sequelae. Antimicrobial therapy with oral fluoroquinolone or intravenous amoxicillin and β-lactamase inhibi-
tor are used as first-line antibiotic therapy in SSc patients with osteitis.

INTRODUCTION

Systemic sclerosis (SSc) is an autoimmune connective tis-
sue disorder characterized by skin sclerosis due to fibroblast

activation and extracellular matrix synthesis, vasculopathy
including vascular hyperactivity and remodeling, and dysimmu-
nity (1–3). Because of microangiopathy, patients with SSc have
a compromised vascular supply and present with Raynaud’s
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phenomenon and digital ulcers, which put them at risk of ostei-

tis (4–7).
Osteitis is an infection resulting from the contamination of

the bone by ≥1 pathogens. Such infection results either from
direct inoculation or from secondary hematogenous spread. It
causes an inflammatory reaction with the secretion of proinflam-
matory cytokines such as tumor necrosis factor (8). Inflamma-
tory cytokines then stimulate the activation of osteoclasts and
osteoblasts, which leads to bone resorption and periosteal
reaction, respectively. In case of prolonged osteitis or in
patients with diabetic foot infection, ischemic lesions enhance
the occurrence of an infection and favor bone necrosis and
osteolysis (9). Patients are subsequently at risk of gangrene
and amputation.

Gangrene has been reported in SSc and occurs mainly in
smoking, anti–Scl-70 positive patients with digital ulcers, and
those with a history of previous infection, including osteitis (10).
Oppositely, osteitis has been described less in SSc. Even though
it is a severe infection, which inevitably impacts patients’ quality of
life and is responsible for high morbidity, very few studies have
focused on its description and management in patients with
SSc. Herein, we report on the nationwide SCLEROS study, which
aimed at characterizing osteitis in patients with SSc.

PATIENTS AND METHODS

Study design. SCLEROS is a retrospective, multicenter,
nationwide case–control study performed in France. Between
January and June 2019, physicians belonging to the following sci-
entific societies were asked to recall and report all cases with SSc
and osteitis managed between 2000 and 2019: Groupe

Francophone de Recherche sur la Sclérodermie (GFRS); Société
Nationale Française de Médecine Interne (SNFMI); Société de
Pathologie Infectieuse de Langue Française (SPILF); and Club
Rhumatismes et Inflammations (CRI). The study was approved
by the local ethics committee (CER Paris Descartes; number
2018-93).

Objectives. The primary objective of the study was to
describe and characterize osteitis in SSc patients. The secondary
objective was to identify associated factors for osteitis in patients
with SSc.

Study population. Inclusion criteria were as follows: male
or female patients >18 years of age; diagnosis of SSc according
to the 2013 American College of Rheumatology (ACR)/European
Alliance of Associations for Rheumatology classification (EULAR)
(11); diagnosis of osteitis according to the physician in charge of
the patient, suspected on the basis of clinical and laboratory find-
ings and confirmed by radiologic findings or surgical bacteriologic
sampling, namely, the presence of clinical signs or symptoms
(local pain, swelling, erythema around the skin ulcer, warmth,
purulent discharge, fever), blood chemistry alterations (C-reactive
protein [CRP] level and/or increased white blood cell count), pos-
itive microbiological surgical sample, or radiologic findings. The
latter included the following: soft-tissue swelling; periosteal reac-
tion or elevation; loss of cortex with bone erosion; focal loss of tra-
becular pattern; new bone formation, bone sequestrum,
involucrum, and/or cloacae (12,13). For each case, 4 control
patients with SSc according to the 2013 ACR/EULAR classifica-
tion without osteitis were randomly extracted from the SSc data-
base of the national referral center for autoimmune and systemic
disease (14,15).

Data source.Data comprised a subset classification of SSc
(limited cutaneous SSc or diffuse cutaneous SSc) according to
LeRoy and Medsger classification (16), disease duration, clinical
profiles (modified Rodnan skin thickness score [MRSS], digital
vasculopathy, and other visceral impairment), antibody profile,
and patients’ comorbidities. Collected data related to osteitis
were the following: location, clinical and biological presentation
of osteitis, and microbiological data and management. Superficial
samples were defined as thin-needle aspiration, while deep
samples were defined as bone biopsies performed during sur-
gery. A new episode of osteitis was defined as osteitis at a differ-
ent location within 6 months.

SIGNIFICANCE & INNOVATIONS
• 54.1% of osteitis in patients with systemic sclerosis

(SSc) occurred beneath digital ulcers. The most fre-
quent pathogens in SSc osteitis were Staphylococcus
aureus, anaerobes and Enterobacteriaceae, and
Pseudomonas aeruginosa.

• SSc osteitis is associated with 25.2% of relapse or
recurrence, 32% of sequelae, and 4.2% of deaths
due to septic shock.

• Antibiotic biotherapy with either oral fluoroquino-
lone or intravenous amoxicillin and β-lactamase
inhibitor was mainly used as a first-line antibiotic
therapy in SSc patients with osteitis.

Centre, Groupe Hospitalier Cochin, Assistance Publique-Hôpitaux de Paris, Uni-
versité de Paris, Faculté de Santé, UFR Médecine Paris Descartes, Sorbonne Paris
Cité, INSERMUMRS 1124, Toxicité Environnementale, Cibles Thérapeutiques, Sig-
nalisation Cellulaire et Biomarqueurs, UFR Sciences Fondamentales et Biomédi-
cales, Centre Universitaire des Saints-Pères, Paris, France; 19Loïc Raffray, MD,
PhD: Service Médecine Interne et Dermatologie, CHU Réunion, Hôpital Félix
Guyon, Saint Denis, France.

No potential conflicts of interest relevant to this article were reported.
Address correspondence to Benjamin Chaigne, MD, PhD, Service de

Médecine Interne, Centre de Référence Maladies Systémiques Auto-
Immunes Rares d’Ile de France, Hôpital Cochin, Assistance Publique-Hôpitaux
de Paris, 75014 Paris, France. Email: benjamin.chaigne@aphp.fr.

Submitted for publication June 18, 2020; accepted in revised form
December 1, 2020.

COSSE ET AL810

mailto:benjamin.chaigne@aphp.fr


Statistical analysis. Quantitative variables were expressed
as the mean � SD or (for a non-Gaussian distribution) the median
(interquartile range [IQR]) and compared using the Mann-Whitney
test. Qualitative variables were expressed as the number and per-
centage and compared using the chi-square test.

Associated factors for osteitis occurrence and osteitis heal-
ing were identified according to 2-step logistic regression. First
variables with a P value <0.15 in the univariate analysis were
included in the multivariate analysis. These variables were consid-
ered as independent associated factors if the P value after the
multivariate analysis was ≤0.05.

Statistical analysis was performed using Stata software, ver-
sion 15.1. Results are reported according to the STROBE guide-
lines for reporting data of observational studies (17).

RESULTS

Forty-eight patients with SSc and osteitis were included in
the SCLEROS study. No patient was removed from the analysis
because of lacking data. The baseline characteristics of the
populations are shown in Table 1. SCLEROS cases comprised
typical SSc patients, with 77.1% being female patients (median
age 58.5 years [IQR 48.5–68.5 years]). Eighty-five percent had
puffy fingers, 79.4% sclerodactyly, 95.8% Raynaud’s phenome-
non, and 54.2% abnormal nailfold capillaries on capillaroscopy.
Fifty-two percent of patients had positivity for anticentromere
autoantibodies, and 6.3% had positivity for anti–RNA polymer-
ase III autoantibodies. Only 25% patients had been treated with
immunosuppressant drugs at the time of osteitis. Five (10.4%)

Table 1. Patients’ baseline characteristics*

Characteristic Cases (n = 48) Controls (n = 192) P

Age, median (IQR) years 58.5 (48.5–68.5) 56 (42.5–68) 0.09
Female sex 37 (77.1) 162 (84.4) 0.23
Ethnicity 0.34
White 43 (89.6) 139 (90.9)
Black 3 (6.3) 9 (5.9)
Asian 1 (2.1) 5 (3.3)
Hispanic 1 (2.1) 0 (0)

BMI, median (IQR) kg/m2 21.1 (19.7–23.7) 23.0 (20.1–26.4) 0.94
Active smokers 17 (35.4) 49 (32.5) 0.70
Typical features of SSc 0.03
dSSc 17 (35.4) 40 (20.8)
lSSc 31 (64.6) 152 (79.2)

Duration of SSc, median (IQR) months 110 (30–204) 44 (17–109) 0.004
Puffy fingers 41 (85.4) 151 (80.8) 0.46
Sclerodactyly 38 (79.2) 137 (71.7) 0.54
Mouth opening, median (IQR) mm 35 (34.5–40) 40 (35–42) 0.95
MRSS, median (IQR) 7 (4–18) 4 (2–8) 0.008
dSSc, median (IQR) 18 (15.5–21.5) 15 (8–22.5)
lSSc, median (IQR) 4 (3–8) 3 (0–6)
Raynaud’s phenomenon 46 (95.8) 188 (97.9) 0.41
Abnormal nailfold capillaries 26 (54.2) 88 (45.8) 0.30
Digital tip ulcers 0.87
Active 20 (41.7) 27 (19.7)
Healed 10 (20.8) 27 (19.7)

Telangiectasia 23 (47.9) 89 (53.6) 0.49
Calcinosis 17 (35.4) 38 (23.5) 0.09
Gastroesophageal reflux disease 32 (66.7) 112 (59.3) 0.35
Interstitial lung disease 17 (35.4) 78 (53.4) 0.03
DLCO (% of predicted), median (IQR) 63.5 (54–72) 64 (43–76) 0.15
FVC (% of predicted), median (IQR) 90.5 (82–102) 91 (74–112) 0.66
Pulmonary arterial hypertension 4 (8.3) 22 (15.3) 0.22
Systolic PAP, median (IQR) mm Hg 33 (30–39) 31.5 (27–37) 0.30
Musculoskeletal disorders 19 (39.6) 60 (32.6) 0.36
Scleroderma renal crisis 4 (8.3) 22 (15.3) 0.22
Autoantibodies†
Anticentromere 25 (52.1) 73 (38.0) 0.08
Anti–topoisomerase I 11 (22.9) 46 (23.9) 0.88
Anti–RNA polymerase III 3 (6.3) 6 (3.1) 0.31

Immunosuppressants 12 (25.0) 54 (28.1) 0.67
Glucocorticoids 18 (37.5) 68 (47.6) 0.23

* Values are the number (%) unless indicated otherwise. BMI = body mass index; DLCO = diffusing capacity for car-
bon monoxide; dSSc = diffuse cutaneous systemic sclerosis; FVC = forced vital capacity; IQR = interquartile range;
lSSc = limited cutaneous SSc; MRSS = modified Rodnan skin thickness score; PAP = pulmonary artery pressure.
† No. (% positive in patients tested).
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patients were treated with bosentan (3 with digital tip ulcers, and
2 without).

Whencompared toSSccontrols (n=192), SCLEROScaseshad
a higher MRSS (median 7 [IQR 4–18] versus median 4 [IQR 2–8], P =
0.008). The occurrence of interstitial lung disease was less frequent

(35.4% versus 53.4%; P = 0.03). Osteitis occurred mostly in patients
with a long disease duration of SSc (median 110 months [IQR 30–
204 months] versus median 44 months [IQR 17–109 months], P =
0.004) and predominantly in patients with diffuse cutaneous SSc
(35.4% versus 20.8%; P = 0.03).

Table 2. Osteitis characteristics in patients with systemic sclerosis (SSc)*

Characteristic
SCLEROS cases

(n = 48)

Patients with osteitis
overlying digital tip ulcers

(n = 26)

Patients with osteitis
without digital tip ulcers

(n = 22)

Clinical manifestations
Time from SSc diagnosis, median (IQR)

months
113 (27–201) 90 (6–120) 144 (42–240)

dSSc 48 (24–120) 96 (26–131) 45 (28.5–48)
lSSc 121 (63–210) 108 (48–120) 144 (122–240)

Osteitis location
Toe (R/L) 19 (39.6) 7 (26.9) 12 (54.6)
Hand (R/L) 25 (52.1) 18 (69.2) 7 (31.8)
Elbow (R/L) 2 (4.2) 1 (3.9) 1 (4.6)
Other location
Femur 1 (2.1) 0 (0) 1 (2.1)
Sternum 1 (2.1) 0 (0) 1 (2.1)

Overlying calcinosis 13 (27.1) 8 (30.8) 5 (22.7)
Duration of osteitis, median (IQR) months 3 (1–6) 3 (1–8) 2.5 (1–4)
Fever (>37.8�C) 4 (8.3) 2 (7.7) 2 (9.1)
Local pain 36 (75) 22 (84.6) 14 (63.6)
Functional disability 29 (60.4) 17 (65.4) 12 (54.6)
Purulent discharge 27 (56.3) 15 (57.7) 12 (54.6)
Local swelling 26 (54.2) 19 (73.1) 7 (31.8)
Erythema 35 (72.9) 22 (84.6) 13 (59.1)
Local warmth 35 (72.9) 20 (76.9) 15 (68.2)

Biological manifestations
CRP, median (IQR) mg/liter 8 (2.7–44.3) 7.2 (2.7–37.5) 12 (2.7–60.0)
Increased CRP value 31 (65.9) 15 (60.0) 16 (72.7)
Hyperleukocytosis, >8,000/mm3 13 (27.1) 8 (30.8) 5 (22.7)
Leukocytes, median (IQR) mm3 7,300 (5,000–8,890) 7,400 (5,435–9,820) 6,385 (4,390–7,900)
Hemoglobin, median (IQR) gm/dl 11.8 (10.6–12.8) 12.3 (11.1–12.9) 11.4 (10.6–12.5)
Platelets, median (IQR) 103/liter 285 (218–341) 284.5 (215–341) 288 (219–310)

Imaging manifestations
Localized collection 3 (6.3) 0 (0) 3 (13.6)
Bone hypermetabolism 3 (6.3) 0 (0) 3 (13.6)
Acro-osteolysis or lysis 23 (47.9) 10 (38.5) 13 (59.1)
Swelling or abscess of soft tissues on

MRI or standard radiograph
With acro-osteolysis 28 (58.3) 14 (53.8) 14 (63.6)
Without acro-osteolysis 3 (6.3) 2 (7.8) 1 (4.5)

Sampling
Intraoperative contributive superficial or
needle-guided sampling†

14/18 (77.8) 8/10 (80.0) 6/8 (75.0)

Contributive deep or surgical sampling† 24/27 (88.9) 14/15 (93.3) 10/12 (83.3)
Microbiological documentation
Staphylococcus aureus 21 (43.8) 15 (57.7) 6 (27.3)
Coagulase-negative Staphylococcus 4 (8.3) 3 (11.5) 1 (4.5)
Enterobacteriaceae 14 (29.1) 8 (30.8) 6 (27.3)
Anaerobes 14 (29.1) 7 (26.9) 7 (31.8)
Pseudomonas aeruginosa 5 (10.4) 1 (3.8) 4 (18.2)
Streptococcus species 4 (8.3) 4 (15.4) 0 (0)
Negative culture‡ 3 (6.5) 1 (3.8) 2 (9.1)

* Values are the number (%) unless indicated otherwise. Contributive examinations correspond to examinations in which imaging aspects of
osteitis were reported. CRP = C-reactive protein; dSSc = diffuse cutaneous SSc; IQR = interquartile range; lSSc = limited cutaneous SSc;
MRI = magnetic resonance imaging.
† No./total no. (% of performed examination).
‡ Sterile samples were reported in the entire SCLEROS population (n = 48).
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Description of osteitis episodes. Clinical presentation.
Osteitis characteristics are shown in Table 2. Osteitis in the
SCLEROS population occurred predominantly in distal portions
of the limbs (91.7% of patients), mainly hands (52.1%). Five
(10.4%) patients had osteitis over the proximal phalangeal joints.
Other locations included toes (n = 19), elbows (n = 2), femur
(n = 1), and sternum (n = 1). Digital ulcers and calcinosis were
reported overlying the osteitis location in 26 (54.1%) and
13 (27.1%) of cases, respectively. Physical symptoms included
pain (75%), erythema (72.9%), and local warmth (72.9%). In most
cases (44 of 48, 91.7 %), fever was absent. Purulent discharge
was reported in 56.3% of patients.

The patient with sternum osteitis (a 56-year-old man) pre-
sented with a 6-month diagnostic history of diffuse cutaneous
SSc and positivity for anti–topoisomerase I antibodies. He had
history of calcinosis, interstitial lung disease, and gastroesopha-
geal reflux disease. Osteitis was suspected on local pain associ-
ated with local warmth, functional disability, and erythema and
confirmed on radiography. CRP level was 60 mg/liter. His condi-
tion was successfully managed with antibiotics, with no sequelae
and no recurrence. The patient with femur osteitis (a 72-year-old
woman) presented with a 4-year diagnostic history of limited cuta-
neous SSc and positivity for anticentromere antibodies. She had
history of calcinosis and gastroesophageal reflux disease. Osteitis
was suspected due to local pain on the amputation site on her
femur associated with local warmth, functional disability, purulent
discharge, and erythema and confirmed on magnetic resonance
imaging (MRI). Her CRP level was 66 mg/liter. Her condition was

successfully managed with antibiotics and surgical joint cleans-

ing, with no sequelae. She presented with a new episode of oste-

itis at the same location 6 months after the first episode, and her

condition was successfully managed with antibiotics.
When comparing osteitis beneath digital ulcers to other

types of osteitis (i.e., those without underlying digital ulcer), ostei-
tis beneath digital tip ulcers mostly resembled other types of oste-
itis (Tables 2 and 3), but osteitis beneath ulcers was more
frequently associated with local swelling and erythema (73.1%;
P = 0.004 and 84.6%; P = 0.04, respectively).

Laboratory investigations. Thirty-one (64.6%) patients
had an increased CRP level with a median (IQR) CRP value of
8 (2.7–44.3) mg/liter (n < 5 mg/liter). Hyperleukocytosis (>8,000
leukocytes/mm3) was present in 27.1% of patients. Other blood
count parameters were within normal range. No difference was
reported for biological documentation for osteitis beneath digital
tip ulcers when compared to osteitis without digital tip ulcers.

Imaging manifestations. In the SCLEROS population, only
2 (4.2%) patients did not have any imaging performed. Standard
radiography (n = 36 patients) showed osteolysis or acro-
osteolysis in 17 patients, subcutaneous calcifications in 6 patients,
and thickening of soft tissues in 5 patients. MRI (n = 17 patients)
reported localized collection in 3 patients, soft-tissue swelling in
12 patients, thickening of soft tissues in 10 patients, loss of sur-
rounding tissue in 2 patients, and acro-osteolysis in 5 patients.
Computed tomography (CT) scan (n = 8 patients) showed cortical
osteolysis with loss of surrounding tissue in 6 patients. Fifteen
patients (31.3%) had results from either radiographs and MRI, or

Table 3. Management and prognosis of osteitis in patients with systemic sclerosis (SSc)*

Characteristic
SCLEROS cases

(n = 48)

Patients with osteitis
overlying digital tip ulcers

(n = 26)

Patients with osteitis
without digital tip ulcers

(n = 22)

Management of osteitis
Multidisciplinary management 24 (50.0) 11 (42.3) 13 (59.1)
Surgical treatment 26 (54.2) 16 (61.5) 10 (45.5)
Antibiotics 37 (77.1) 21 (80.8) 16 (72.7)
Local dressing 35 (72.9) 21 (80.8) 14 (63.6)
Surgical joints cleansing 8 (16.7) 4 (15.4) 4 (18.2)
Opiates 10 (20.8) 7 (26.9) 3 (13.6)
Amputation 11 (22.9) 8 (30.8) 3 (13.6)
Synovectomy 2 (4.2) 1 (3.9) 1 (4.6)

Re-evaluation
Follow-up, median (IQR) months 5 (2–18) 3.8 (2–12) 8 (2.5–24.0)
Clinical cure 35 (72.9) 19 (73.1) 16 (72.7)
Relapse 6 (12.6) 4 (15.4) 2 (9.1)
No. of relapses per patient, median (IQR) 1 (0–1) 1 (0–1) 1 (0–1)
No. of homolateral relapse 4 3 1
Time between 2 episodes, median
(IQR) months

2 (1–4) 2 (1–4) 3 (2.5–6.0)

New episode of osteitis 8 (16.6) 7 (26.9) 1 (4.5)
Time to second episode, median
(IQR) months

6 (5–9) 5 (3–10) 6 (5–7)

Sequelae 15 (31.3) 10 (38.5) 5 (22.7)
Death related to osteitis 2 (4.2) 2 (7.7) 0 (0)

* Values are the number (%) unless indicated otherwise. IQR = interquartile range.
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radiographs and CT scan, or MRI and CT scan. On radiography,
CT, or MRI, osteitis was characterized by swelling or abscess of
soft tissues, with acro-osteolysis or lysis in 28 patients (58.3%).
Additional description of osteitis included localized collection and
swelling of soft tissues without acro-osteolysis, which were pres-
ent in only 6.3% of radiologic reports.

Microbiological documentation. Of 48 patients, 40 (83.3%)
patients had undergone microbiological sampling. Sampling was
performed either superficially or deeply. Seventy-seven percent
of superficial samples and 88.9% of deep samples allowed the
identification of at least 1 pathogen species. Of 40 patients with
samples, 3 had sterile samples (7.5%), including 2 surgical sam-
ples and 1 needle-guided sample. Of 37 samples with identified
microorganisms, 18 samples (48.6%) had >1 identified microor-
ganism. Overall, the most frequent pathogens were Staphylococ-
cus aureus (43.8%), anaerobes and Enterobacteriaceae (29.1%),
and Pseudomonas aeruginosa (10.4%). No difference was found
in terms of pathogen occurrence considering the presence of dig-
ital tip ulcers.

Osteitis management. Management of osteitis involved
several specialists (internists, infectious diseases specialists,
and orthopedic surgeons) in 50% of cases. Management con-
sisted of antibiotics in 77.1% of patients and/or surgery in
54.2% of patients (synovectomy [4.2%] or amputation [22.9%])
(Table 3).

The main antibiotic regimens are summarized in Tables 4 and
5. Fluoroquinolones were used in 45.8% of patients, macrolides

or lincosamides in 18.8%, and amoxicillin and β-lactamase
inhibitor in 14.6%. First-line antibiotics were fluoroquinolone,
orally as a bitherapy for a median of 34 days (IQR 10–50 days),
or amoxicillin � β-lactamase inhibitor orally as a bitherapy for a
median of 30 days (IQR 12–42 days). Second-line antibiotics
were fluoroquinolone, orally for a median of 32 days (IQR 27–
42 days), or rifampin, orally for a median of 42 days (IQR 35–67
days) as a bitherapy. Detailed regimens are presented in Supple-
mentary Table 1, available on the Arthritis Care & Research web-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24530/
abstract.

After a median 5 months (IQR 2–18 months) of follow-up,
healing of osteitis was reported in 72.9% of patients. Relapse
was observed in 6 patients (12.6%; 1 relapse per patient) within
2 months of the diagnosis of the first episode. Six (12.6%)
patients experienced a new episode of osteitis. Notably, the loca-
tion of such osteitis recurrence was contralateral to the first epi-
sode in 5 of 6 patients. The time before recurrence was a
median 4 months (IQR 2–6 months). For 1 patient, the same anti-
biotic was continued for 3 months (amoxicillin plus clavulanic
acid). For another, the antibiotic was switched to piperacillin/tazo-
bactam, and then cefazolin for 3 months. For the other 4, an
amputation of the affected limb was required.

Thirty-two percent of patients had functional sequelae after
management, including those related to amputation. Two
patients died of septic shock leading to multiple organ failure sec-
ondary to osteitis. When comparing osteitis beneath digital ulcers
to the locations of other types of osteitis, management and prog-
nosis were similar.

Osteitis management in patients with sterile samples. Eleven
patients were treated without any microbiological documentation.
Three patients had sterile samples. The first patient’s condition
was managed with an oral bitherapy (levofloxacin plus clindamy-
cin) for 6 weeks, with a clinical healing of osteitis and no recur-
rence at 2 months. The second patient’s condition was
managed with an oral monotherapy (cloxacillin) for 20 days, and
then an oral monotherapy (clindamycin) for 6 weeks, with a clinical
healing of osteitis and no recurrence at 2 months after the begin-
ning of treatment. The condition of the third patient was managed

Table 4. Antibiotic therapy management in systemic sclerosis
osteitis*

Characteristic
SCLEROS cases

(n = 48)

Duration of treatment, days 41 (5.5–55)
Bitherapy, no. (%) 23 (47.9)
Duration of bitherapy, days 41 (30–49)
Duration of intravenous administration, days 9 (0–56)
Duration of oral administration, days 29 (0–51.5)
Duration of switch from intravenous to oral, days 1 (0–40)

* Values are the median (interquartile range) unless indicated
otherwise.

Table 5. Main antibiotics regimens in systemic sclerosis osteitis*

Antibiotics
Count
(n = 48)

Duration,
median (IQR) days

Oral/IV,
no.

Monotherapy/
bitherapy, no.

First-line
First Fluoroquinolone 19 34 (10–50) 15/4 4/15
Second Amoxicillin �

β-lactamase inhibitor
15 30 (12–42) 14/1 4/11

Third Macrolides 7 35 (15–42) 7/0 1/6
Second-line

First Fluoroquinolone 10 32 (27–42) 8/2 2/8
Second Rifampin 4 42 (35–67) 3/1 0/4
Third Penicillin � inhibitor 3 5 (3–17) 1/2 3/0

* IQR = interquartile range; IV = intravenous.
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surgically. For 8 patients, no microbiological sampling was per-
formed. All these patients were treated with antibiotics for
10 days to 6 weeks (penicillin � inhibitors in 2 patients, fluoro-
quinolone in 4 patients, and rifampin in 2 patients). Additional local
wounds were cared for with dressings until healing. Among the
8 patients, 2 required surgical management (amputation for both
patients) due to a lack of clinical improvement. Six patients were
healed at 6 months, and 2 had functional sequelae because of
the amputation.

Associated factors for osteitis and osteitis healing.
Associated factors for the occurrence of osteitis are presented in
Table 6, with values shown as odds ratios (ORs) and 95% confi-
dence intervals (95% CIs). Among the variables tested, digital tip
ulcers (OR 4.26 [95% CI 1.43–12.66], P = 0.009) and calcinosis
(OR 3.13 [95%CI 1.16–8.47], P = 0.03) were found as independent
associated factors for osteitis.

Associated factors for the occurrence of osteitis on digital tip
ulcers are presented in Supplementary Table 2, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24530/abstract. Among all the tested vari-
ables, age (OR 1.06 [95% CI 1.01–1.12], P = 0.03) was found to
be an independent associated factor for osteitis on digital tip
ulcers. Among all the variables tested to identify factors with oste-
itis healing, none was found to be an independent associated fac-
tor (see Supplementary Table 3, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24530/abstract).

DISCUSSION

This daily life study confirms that the presence of digital
ulcers is an associated factor for osteitis in SSc patients. This is
in accordance with the findings of Giuggioli et al in 2013, who
showed that osteoarticular infections such as osteomyelitis were
common in patients with SSc and skin ulcers (18). Moreover, dig-
ital ulcers predicted worsening of SSc and were complicated by
osteitis in 5–23% of cases (7,19–22). In their 2016 prospective,
observational cohort, Allanore et al sought the clinical features
related to the occurrence of gangrene in patients with SSc (10).
The authors found that digital ulcers, as well as smoking status,
anti–Scl-70 antibodies, and a history of previous infection (gan-
grene, osteomyelitis) were associated with increased bone infec-
tions (10). The SCLEROS study confirmed that digital ulcers are
associated with osteitis and highlighted calcinosis as another
associated factor for osteitis.

Our work has highlighted the importance of microbiological
documentation in the diagnosis and management of osteitis. In
osteitis, the contribution of bone biopsy in the patient’s diagnosis
is unequivocal (23). Nevertheless, due to the underlying microan-
giopathy in SSc, physicians are often reluctant to perform surgical
microbiological sampling in SSc patients. Our work demonstrated
that both superficial sampling and bone biopsy can be performed
safely in SSc patients and led to microbiological identification in
37 cases (77.1% of the entire cohort). Imaging is often proposed
as an alternative to performing bone biopsy (24,25). As reported

Table 6. Factors associated with osteitis in patients with systemic sclerosis (SSc)*

Univariate analysis Multivariable analysis

OR (95% CI) P OR (95% CI) P

Age 1.01 (0.99–1.03) 0.19 – –

Female sex 0.62 (0.29–1.36) 0.23 – –

Body mass index 0.94 (0.88–1.02) 0.12 0.96 (0.87–1.07) 0.51
Active smoking 1.14 (0.58–2.26) 0.70 – –

lSSc 0.48 (0.24–0.95) 0.04 0.76 (0.17–3.35) 0.72
Duration of SSc 1.01 (1.01–1.02) 0.02 1.01 (0.99–1.01) 0.44
Puffy fingers 1.39 (0.58–3.37) 0.46 – –

Sclerodactyly 1.53 (0.71–3.27) 0.28 – –

MRSS 1.05 (1.01–1.09) 0.02 1.02 (0.94–1.10) 0.65
Raynaud’s phenomenon 0.49 (0.09–2.75) 0.42 – –

Abnormal nailfold capillaries 0.79 (0.09–3.19) 0.74 – –

Digital tip ulcers 2.29 (1.18–4.45) 0.01 4.26 (1.43–12.66) 0.009
Telangiectasia 0.79 (0.41–1.51) 0.49 – –

Calcinosis 1.49 (0.89–3.59) 0.10 3.13 (1.16–8.47) 0.03
Gastroesophageal reflux disease 1.38 (0.71–2.68) 0.35 – –

Interstitial lung disease 0.48 (0.24–0.94) 0.03 0.62 (0.22–1.73) 0.36
Pulmonary arterial hypertension 0.50 (0.16–1.54) 0.23 – –

Musculoskeletal disorders 1.35 (0.70–2.61) 0.37 – –

Scleroderma renal crisis 0.55 (0.18–1.69) 0.29 – –

Anticentromere autoantibodies 1.26 (0.98–2.17) 0.08 1.17 (0.85–3.01) 0.41
Anti–topoisomerase I autoantibodies 0.98 (0.62–1.26) 0.31 – –

Anti–RNA polymerase III autoantibodies 0.83 (0.22–1.39) 0.55 – –

Immunosuppressant without glucocorticoids 4.20 (0.82–2.50) 0.09 2.86 (0.27–30.74) 0.39
Glucocorticoids 0.66 (0.34–1.29) 0.23 – –

* 95% CI = 95% confidence interval; lSSc = limited cutaneous SSc; MRSS = modified Rodnan skin thickness score;
OR = odds ratio.
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by Giuggioli et al (18), MRI, CT, and radiography findings are
already used in daily practice for the diagnosis of osteomyelitis,
mostly in the context of diabetes mellitus (26–30). The SCLEROS
study confirms that such examination can identify swelling or
abscess of soft tissues with acro-osteolysis or localized collection
and soft-tissue swelling without acro-osteolysis to confirm osteitis
in SSc patients. Still, microbiological sampling remains necessary
for the management of osteitis, as acro-osteolysis or bone inflam-
mation due to calcinosis can be found without infection in SSc
patients. As for any other infections, identification of the patho-
gens is relevant to avoid overtreatment of patients and to reduce
the acquired antibiotic resistance (31). In the SCLEROS study,
the identification of pathogens allowed reduction of the antibi-
otics’ spectrum and decrease of the mean duration of antibiotic
therapy (34 days versus 6 weeks in patients with sterile samples).
In this study, S aureus, anaerobes and Enterobacteriaceae, and
P aeruginosa were the most common pathogens. This is consis-
tent with the work of Giuggioli et al and Bader, who reported in
2008 a frequent association with gram-positive bacteria in dia-
betic foot infection, another infection of the distal limb enhanced
by microangiopathy (18,32). Still, the presence of 29% of bacterial
floral culture was unexpected and could hypothetically be linked
to specific microbiota, inefficient hand washing, or multiple use
of antibiotics in SSc patients.

Treating osteitis is challenging, as the objectives of its man-
agement are to decrease the infection, to reconstruct bone struc-
ture and surrounding soft tissue, to preserve the affected joints,
and from the patient’s point of view, to return to a normal life as
quickly as possible with minimum functional impairment (23).
The SCLEROS study showed that treating osteitis in SSc patients
is also extremely challenging. Although most patients had a favor-
able outcome, the study showed that 31.3% of SSc patients with
osteitis had functional sequelae. Two patients died. Interestingly,
the SCLEROS study suggested that after performing microbio-
logical sampling, probabilistic antibiotic with fluoroquinolone or
amoxicillin and β-lactamase inhibitor may be relevant. As it is effi-
cient on Staphylococcus species, Streptococcus species, enter-
obacteria, and pyocyanin, such antibiotic therapy is already
recommended in diabetic foot infections (33). In the SCLEROS
study, patients with microbiological identification had pathogens
for which such antibiotic therapy was or would have been effi-
cient. Moreover, the conditions of 6 patients without microbiolog-
ical identification were managed with such probabilistic antibiotic
therapy and had a favorable outcome.

The SCLEROS study has some limitations. First, considering
the methodology (i.e., a retrospective study), memory bias could
have been present. The investigators involved may have reported
difficult or severe clinical situations. This possible selection of
severe cases might be an explanation for the reported death and
sequelae. Moreover, patients with osteitis lacking any clinical
symptoms might have been missed in this study. Indeed, some
patients with osteomyelitis can be diagnosed with osteitis only

on the basis of CT scan or MRI results. Second, also due to the
retrospective methodology, radiologic examinations were not rea-
nalyzed by a centralized radiologist for the purpose of the study,
and a prospective study on radiologic examination in SSc osteitis
should be performed. Third, possible differences regarding the
modalities of local care and surgical cleansing may have had an
impact on the osteitis recovery results. Nevertheless, it is difficult
to standardize these treatments, as they depend on the local pre-
sentation of osteitis and physicians’ practices. Last, no assess-
ment of disability and quality of life due to osteitis in SSc was
performed. Therefore, we were not able to describe the functional
consequences of osteitis in SSc. Despite these weaknesses, this
study is the first to describe osteitis in patients with SSc. More-
over, as this study was not tailored for prevalence calculation,
the chosen design was appropriate to answer the research ques-
tion (i.e., the description of osteitis in SSc patients). Besides, the
data presented in SCLEROS reflected daily practice and stood
for a homogeneous osteitis cohort.

In conclusion, this study characterized osteitis in SSc
patients. It confirmed digital tip ulcers as an associated factor for
osteitis and revealed a high rate of functional sequelae. It showed
that antimicrobial bitherapy with either oral fluoroquinolone or
intravenous amoxicillin and β-lactamase inhibitor are used as
first-line antibiotic therapy in SSc patients with osteitis.
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Work Productivity and Economic Burden of Systemic
Sclerosis in a Multiethnic Asian Population

Ling Xiang,1 Sandra M. Y. Kua,2 and Andrea H. L. Low3

Objective. To assess work productivity, identify associated factors and evaluate the economic burden of systemic
sclerosis (SSc) in a multiethnic Asian population.

Methods. Data on employment status and work productivity loss were collected. Associations between demo-
graphic and disease characteristics and unemployment status, work productivity loss, and activity impairment were
examined using logistic and linear regression analyses, as appropriate. Costs of unemployment and work productivity
loss were estimated using the human capital approach.

Results. Of 111 patients with a mean disease duration of 9.1 years, 33 (29.7%) were unemployed. Their mean
age at unemployment was 44.2 years, equating to 22.8 years of lost employment. No demographic and disease
characteristics were significantly associated with unemployment status in multivariable analysis. Of 73 employed
patients, 39 (53.4%) reported work productivity loss, accounting for 45.9% of the working week. The presence of
hyperlipidemia (coefficient –19.01, P = 0.03) was associated with work productivity loss in multivariable analysis.
In total, 37 of 78 employed patients (47.4%) and 19 of 33 unemployed patients (57.6%) reported activity impair-
ment, accounting for 42.2% and 50.0%, respectively, of the preceding week. The presence of hyperlipidemia
(coefficient –18.56, P < 0.01) was associated with activity impairment in multivariable analysis. Annual cost of
unemployment and work productivity loss were estimated to be $53,244 and $13,045 (Singapore dollar) per patient,
respectively.

Conclusion. SSc imposes significant unemployment and work productivity loss and causes a substantial eco-
nomic burden to both affected individuals and society. Modifying the identified factors associated with unemployment
and work productivity loss may reduce the burden of SSc.

INTRODUCTION

Systemic sclerosis (SSc) is a less common autoimmune

rheumatic disease characterized by excessive production and

accumulation of collagen in the skin and other tissues such as

the joints, tendons, blood vessels, muscles, gastrointestinal tract,

lungs, kidneys, and heart. SSc significantly impacts physical func-

tion and leads to a reduced capacity to participate in activities of

daily life such as self-care/maintenance, household chores, and

professional activities such as work and studies (1–5). Affected

individuals in the workforce may experience work disability,

namely reduced work productivity (presenteeism), absence from

work (absenteeism), change of jobs/careers (work transitions),

and work cessation (unemployment/early retirement) due to ill-

ness before reaching retirement age (6–9). Work disability has

been reported among 18–89% of patients with SSc in published

studies (10–12). Since SSc affects mostly patients of an econom-

ically productive age (10), it can lead to a substantial burden to

both affected individuals and society (11,13,14).
The economic burden of disease has been mainly studied

in the more common autoimmune rheumatic diseases, includ-

ing rheumatoid arthritis (RA), axial spondyloarthritis, and sys-

temic lupus erythematosus (SLE) (15–17). Studies on SSc

have been mostly conducted in Europe, North America, and

Australia (11,13,14,18–22). There is a paucity of reports from

Asian countries, where the clinical manifestations of SSc have

been shown to differ from those in other populations (23). The

primary aim of this study was to assess work productivity and

identify associated factors in patients with SSc in a multiethnic

Asian population. The secondary aim was to evaluate the
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economic burden of unemployment and work productivity loss

in these patients.

PATIENTS AND METHODS

Patients. Patients who were enrolled in the Systemic Scle-
rosis Cohort in Singapore (SCORE) (24) and who were seen at
the scleroderma clinic in Singapore General Hospital were
consecutively recruited between October 2017 and January
2020. All patients fulfilled the 2013 American College of
Rheumatology/European Alliance of Associations for Rheumatol-
ogy classification criteria for SSc (25) or the Very Early Diagnosis
of Systemic Sclerosis criteria (26), and were age ≥18 years. Writ-
ten consent was obtained from all patients. This study was
approved by the SingHealth Centralized Institutional Review
Board (ref. 2007/011/E). Data on employment status, work pro-
ductivity loss, and demographic and disease characteristics were
collected from all patients.

Outcome measures. All patients were administered a
standardized questionnaire during their clinic visit, with the follow-
ing options for employment status: employed, unemployed due
to medical condition, unemployed due to nonmedical condition,
full-time student, homemaker, national service (compulsory ser-
vice in Singapore), and retired. Unemployment was defined as
being unemployed due to a medical condition or being unem-
ployed due to a nonmedical condition in this study. Patients who
were a full-time student, a homemaker, on national service, or
retired were excluded from analysis.

Work productivity was measured using the Work Productiv-
ity and Activity Impairment (WPAI) specific health problem (SSc)
questionnaire (see Supplementary Appendix A, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24521/abstract) (27). There are 6 items on
the WPAI concerning employment status (item 1), hours missed
from work due to SSc (item 2) and other reasons (item 3), total
hours worked (item 4), and the impact of SSc on work productiv-
ity (item 5) and daily activities (item 6) during the preceding week.
For employed patients, we calculated absenteeism (time absent
from work), presenteeism (time at work with reduced productiv-
ity), and work productivity loss (overall work impairment

calculated from absenteeism and presenteeism). For both
employed and unemployed patients, we calculated activity
impairment (activity limitation outside work for the employed). All
these 4 scores from theWPAI were expressed as impairment per-
centages (possible range 0–100), with a higher score indicating
greater impairment.

Independent variables. Demographic characteristics
included age, sex, ethnicity, date of first non–Raynaud’s phenom-
enon manifestation, date of WPAI survey, and smoking history.
Disease duration at the time of the survey was derived from the
date of the first non–Raynaud’s phenomenon manifestation.
Physician-diagnosed comorbidities, including hypertension,
ischemic heart disease, hyperlipidemia, diabetes mellitus, renal
impairment, stroke, and malignancy were extracted from the
medical records.

Disease characteristics included SSc subtype, cumulative
clinical manifestations, skin thickness score, pulmonary function,
autoantibodies, and treatment received. Patients were classified
as having limited cutaneous SSc (lcSSc), diffuse cutaneous SSc
(dcSSc) according to the criteria established by LeRoy et al (28),
or SSc overlap if SSc occurred with 1 or more of the following
defined connective tissue diseases: SLE, RA, or inflammatory
myositis.

Cumulative clinical manifestations captured in the SCORE
cohort were described elsewhere (29) and included joint involve-
ment (arthritis or joint contracture), tendon friction rub, mild
peripheral vasculopathy (Raynaud’s phenomenon, digital pitting,
pulp atrophy, or telangiectasia), severe peripheral vasculopathy
(digital ulcers or gangrene), calcinosis, inflammatory myositis,
upper gastrointestinal involvement (reflux/dysphagia, vomiting,
gastric antral vascular ectasia, or bloating/distension), lower gas-
trointestinal involvement (diarrhea, constipation, fecal soilage, or
malabsorption), interstitial lung disease (ILD; diagnosed by high-
resolution computed tomography) and pulmonary arterial hyper-
tension (PAH; diagnosed by right heart catheterization), renal
involvement (renal crisis, creatinine above the upper limit of nor-
mal on 3 or more occasions, and proteinuria) and cardiac
involvement.

Skin thickness was measured using the maximum modified
Rodnan skin score (30). Pulmonary function was quantified using
the forced vital capacity (FVC). Treatment received included
immunosuppression (methotrexate, azathioprine, cyclophospha-
mide, and mycophenolate mofetil) and treatment for peripheral
vasculopathy and PAH (prostacyclin, phosphodiesterase type
5 inhibitor, and endothelin receptor antagonists).

Estimation of economic burden. In Singapore,
employers are required to provide re-employment to employees
who turn 62 (retirement age), until age 67 years (re-employment
age) (31). In an epidemiologic survey conducted among the
Singapore general population in 2017, only 1.8% of the residents

SIGNIFICANCE & INNOVATIONS
• Nearly 30% of the patients with systemic sclerosis

(SSc) were unemployed at a mean age of 44 years.
• Considerable work productivity loss was reported in

over half of employed patients.
• SSc imposes a substantial economic burden to both

affected individuals and society.
• Modifying identified factors for work productivity

may reduce the burden of SSc.
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Table 1. Demographic and disease characteristics of SSc patients (n = 111)*

Overall
(n = 111)

Employed
(n = 78)

Unemployed
(n = 33) P

Female sex 97 (87.4) 67 (85.9) 30 (90.9) 0.55
Age at survey, mean � SD years 49.4 � 10.5 48.2 � 10.7 52.2 � 9.5 0.07
Age at unemployment, mean � SD years – – 44.2 � 9.3 –

Disease duration from first non-RP symptom onset to survey,
mean � SD years

9.1 � 6.7 8.8 � 6.8 9.7 � 6.8 0.52

Ethnicity 0.91
Chinese 78 (70.3) 55 (70.5) 23 (69.7) –

Malay 13 (11.7) 10 (12.8) 3 (9.1) –

Indian 6 (5.4) 4 (5.1) 2 (6.1) –

Others 14 (12.6) 9 (11.5) 5 (15.2) –

Smoking history (previous or current smoker) 10 (9.0) 7 (9.0) 3 (9.1) >0.99
Comorbidities
Hypertension 19 (17.1) 11 (14.1) 8 (24.2) 0.20
Ischemic heart disease 3 (2.7) 2 (2.6) 1 (3.0) >0.99
Hyperlipidemia 21 (18.9) 16 (20.5) 5 (15.2) 0.51
Diabetes mellitus 4 (3.6) 4 (5.1) 0 (0.0) 0.32
Renal impairment 4 (3.6) 2 (2.6) 2 (6.1) 0.58
Stroke 2 (1.8) 2 (2.6) 0 (0.0) >0.99
Malignancy 4 (3.6) 3 (3.9) 1 (3.0) >0.99

Cumulative clinical manifestations
SSc subtype 0.07
lcSSc 48 (43.2) 37 (47.4) 11 (33.3) –

dcSSc 38 (34.2) 22 (28.2) 16 (48.5) –

SSc overlap 24 (21.6) 19 (24.4) 5 (15.2) –

Joint involvement 83 (74.8) 61 (78.2) 22 (66.7) 0.20
Tendon friction rub 5 (4.5) 3 (3.9) 2 (6.1) 0.83
Mild peripheral vasculopathy 105 (94.6) 74 (94.9) 31 (93.9) >0.99
RP 89 (80.2) 64 (82.1) 25 (75.8) 0.45
Digital pitting 56 (50.5) 37 (47.4) 19 (57.6) 0.33
Pulp atrophy 75 (67.6) 51 (65.4) 24 (72.7) 0.45
Telangiectasia 64 (57.7) 42 (53.9) 22 (66.7) 0.21

Severe peripheral vasculopathy 18 (16.2) 8 (10.3) 10 (30.3) 0.01
Digital ulcers 17 (15.3) 8 (10.3) 9 (27.3) 0.02
Digital gangrene 6 (5.4) 1 (1.3) 5 (15.2) 0.01

Calcinosis 12 (10.8) 7 (9.0) 5 (15.2) 0.34
Inflammatory myositis 18 (16.2) 12 (15.4) 6 (18.2) 0.28
Gastrointestinal involvement 90 (81.1) 62 (79.5) 28 (84.9) 0.51
Upper 78 (70.3) 53 (68.0) 25 (75.8) 0.41
Lower 63 (56.8) 43 (55.1) 20 (60.6) 0.59

ILD 46 (41.4) 32 (41.0) 14 (42.4) 0.14
PAH 8 (7.2) 4 (5.1) 4 (12.1) 0.41
Renal involvement 15 (13.5) 7 (9.0) 8 (24.2) 0.03
Cardiac involvement 3 (2.7) 0 (0.0) 3 (9.1) 0.03
Maximum MRSS, median (IQR) 6.0 (2.0–15.0) 6.0 (2.0–12.0) 8.0 (3.0–21.0) 0.12
FVC, % predicted, median (IQR) 72.0 (61.0–79.0) 74.0 (62.0–81.0) 65.5 (54.0–76.0) 0.02
Anti–Scl-70 43 (38.7) 32 (41.0) 11 (33.3) 0.71
Anticentromere 16 (14.4) 11 (14.1) 5 (15.2) 0.74
Immunosuppressive treatment 83 (74.8) 60 (76.9) 23 (69.7) 0.42
Methotrexate 44 (39.6) 32 (41.0) 12 (36.4) 0.65
Azathioprine 10 (9.0) 8 (10.3) 2 (6.1) 0.72
Cyclophosphamide 26 (23.4) 17 (21.8) 9 (27.3) 0.53
Mycophenolate mofetil 44 (39.6) 32 (41.0) 12 (36.4) 0.65

Medication for peripheral vasculopathy 10 (9.0) 7 (9.0) 3 (9.1) >0.99
Prostacyclin 1 (0.9) 0 (0.0) 1 (3.0) 0.30
PDE5i 10 (9.0) 7 (9.0) 3 (9.1) >0.99
ERA 1 (0.9) 1 (1.3) 0 (0.0) >0.99

Medication for PAH 4 (3.6) 1 (1.3) 3 (9.1) 0.08
Prostacyclin 1 (0.9) 0 (0.0) 1 (3.0) 0.30
PDE5i 4 (3.6) 1 (1.3) 3 (9.1) 0.08
ERA 1 (0.9) 0 (0.0) 1 (3.0) 0.30

* Values are the number (%) unless indicated otherwise. ERA = endothelin receptor antagonist; dcSSc = diffuse cutaneous systemic sclerosis;
FVC = forced vital capacity; ILD = interstitial lung disease; IQR = interquartile range; lcSSc = limited cutaneous SSc; MRSS = modified Rodnan
skin score; PAH = pulmonary arterial hypertension; PDE5i = phosphodiesterase type 5 inhibitor; RP = Raynaud’s phenomenon.
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age 60–74 years became unemployed, 42.9% continued to
work, 31.6%, were retired, and 23.6% were homemakers (32).
We therefore chose 67 as the upper cutoff age for the estimation
of economic burden. Only patients up to age 67 years were
included in this study.

We used the human capital approach to estimate the eco-
nomic burden (33). Since data on monthly income were not col-
lected, we used the median gross monthly income in Singapore
in 2018 (Singapore dollar [SGD] $4,437) instead (34). For patients
who were unemployed at the time of the survey, we estimated the
cost of unemployment from their age at unemployment until the
re-employment age. For patients who were employed at the time
of the survey, we estimated the costs of absenteeism, presentee-
ism, and work productivity loss. We also estimated the economic
burden of unemployment and work productivity loss to Singapore
based on an estimated prevalence of 78–100 per million popula-
tion and a reported resident population of 4,026,200 in 2019
(35). The prevalence of SSc in Singapore was estimated based

on the prevalence in other Asian countries and our own hospital
data (36,37). All estimated costs were expressed in 2018 value
without inflation or discounting.

Statistical analysis. Continuous variables such as age,
disease duration, and WPAI scores are expressed as
mean � SD or median (interquartile range), while categorical
variables such as sex, ethnicity, and disease characteristics are
expressed as frequency (percentage). We assessed differences
between employed and unemployed patients using student’s
t-test/Wilcoxon’s rank sum test for continuous variables and
chi-square test/Fisher’s exact test for categorical variables, as
appropriate. We examined the associations between indepen-
dent variables (demographic and disease characteristics) and
unemployment status (dichotomous variable: unemployed/
employed) in all patients using logistic regression analysis. We
examined the associations between these independent vari-
ables and 1) work productivity loss (continuous variable,

Table 2. Factors associated with unemployment status in SSc patients (n = 111)*

Univariate analysis Multivariable analysis

OR (95% CI) P OR (95% CI) P

Female sex 1.64 (0.43, 6.32) 0.47 2.28 (0.40, 12.82) 0.35
Age at survey 1.04 (1.00, 1.09) 0.07 1.04 (0.91, 1.07) 0.11
Disease duration, first non-RP symptom onset to survey 1.02 (0.96, 1.08) 0.52 0.99 (0.91, 1.07) 0.77
Smoking history 1.00 (0.24, 4.13) >0.99 – –

Comorbidities
Hypertension 1.95 (0.70, 5.41) 0.20 – –

Ischemic heart disease 1.19 (0.10, 13.57) 0.89 – –

Hyperlipidemia 0.69 (0.23, 2.08) 0.51 – –

Diabetes mellitus† – – – –

Renal impairment 2.45 (0.33, 18.19) 0.38 – –

Stroke† – – – –

Malignancy 0.78 (0.08, 7.80) 0.83 – –

SSc subtype (ref. lcSSc)
dcSSc 2.45 (0.96, 6.21) 0.06 – –

SSc overlap 0.89 (0.27, 2.92) 0.84 – –

Joint involvement 0.56 (0.23, 1.37) 0.20 – –

Tendon friction rub 1.63 (0.26, 10.31) 0.60 – –

Mild peripheral vasculopathy 0.84 (0.15, 4.81) 0.84 – –

Severe peripheral vasculopathy 3.80 (1.34, 10.79) 0.01 3.07 (0.79, 11.96) 0.11
Calcinosis 1.81 (0.53, 6.19) 0.34 – –

Inflammatory myositis 1.27 (0.43, 3.74) 0.67 – –

Gastrointestinal involvement 1.45 (0.48, 4.34) 0.51 – –

ILD 0.64 (0.25, 1.64) 0.35 – –

PAH 2.46 (0.57, 10.59) 0.23 – –

Renal involvement 3.25 (1.07, 9.87) 0.04 3.68 (0.98, 13.76) 0.05
Cardiac involvement† – – – –

Maximum MRSS 1.04 (1.00, 1.09) 0.05 1.01 (0.95, 1.07) 0.71
FVC, % predicted 0.97 (0.94, 0.99) 0.02 0.97 (0.93, 1.00) 0.06
Anti–Scl-70 0.70 (0.30, 1.67) 0.42 – –

Anticentromere 1.18 (0.37, 3.78) 0.78 – –

Immunosuppressive treatment 0.69 (0.28, 1.71) 0.42 – –

Medication for peripheral vasculopathy (ref. none) 1.01 (0.25, 4.19) 0.98 – –

Medication for PAH (ref. none) 7.70 (0.77, 76.97) 0.08 0.66 (0.03, 13.04) 0.79

* 95% CI = 95% confidence interval; dcSSc = diffuse cutaneous systemic sclerosis; FVC = forced vital capacity; ILD = interstitial lung disease;
lcSSc = limited cutaneous SSc; MRSS = modified Rodnan skin score; OR = odds ratio; PAH = pulmonary arterial hypertension; RP = Raynaud’s
phenomenon.
† Odds ratio was not calculated as no/all patients with the condition were unemployed.
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possible range 0–100) in employed patients, and 2) activity
impairment (continuous variable, possible range 0–100) in all
patients using linear regression analysis. We reported odds
ratios (ORs) from logistic regression and coefficients from linear
regression. Independent variables with a P value less than 0.1
in the univariate analysis were included in the corresponding
multivariable analysis, with adjustments for age, sex, and dis-
ease duration. All analyses were performed using Stata soft-
ware, version 15.0.

RESULTS

Demographic and disease characteristics. Among
195 patients with SSc who consented and completed the WPAI
questionnaire, 54 patients who were above the age of 67 years
(re-employment age), and 30 patients who were a full-time stu-
dent, a homemaker, on national service, or retired were excluded
from analyses (Table 1). The remaining 111 patients had a
mean � SD age of 49.4 � 10.5 years and a mean � SD disease
duration of 9.1 � 6.7 years at the time of the survey. The majority
were female (87.4%) and of Chinese ethnicity (70.3%). Approxi-
mately 18.9% of patients had hyperlipidemia and 17.1% had
hypertension. The other comorbidities were present in <5.0% of
patients. Overall, lcSSc (43.2%) was the most common subtype
of SSc, followed by dcSSc (34.2%) and SSc overlap (21.6%).

Unemployment. Of 111 patients, 33 (29.7%) were unem-
ployed at the time of the survey; 23 were unemployed due to their
medical condition and 10 were unemployed due to a nonmedical
condition. Unemployed patients did not differ from employed
patients in terms of demographic characteristics (Table 1).

Factors associated with unemployment status are shown in
Table 2, with values shown as the odds ratios (ORs) and 95%
confidence intervals (95% CIs). The presence of severe peripheral

vasculopathy (OR 3.80 [95% CI 1.34, 10.79]; P = 0.01), renal
involvement (OR 3.25 [95% CI 1.07, 9.87]; P = 0.04), and FVC
(OR 0.97 [95% CI 0.94, 0.99]; P = 0.02) were significantly associ-
ated with unemployment status in univariate analysis. However,
they were not significant in the multivariable analysis after adjust-
ment for age, sex, and disease duration.

Work productivity loss.Of 73 employed patients with rel-
evant data on the WPAI, 9 (12.3%) reported absenteeism,
accounting for 50.5% of the working week (Table 3). Of
78 employed patients, 39 (50.0%) reported presenteeism,
accounting for 39.5% of the working week. Of 73 employed
patients, 39 (53.4%) reported work productivity loss (incorporat-
ing both absenteeism and presenteeism), accounting for 45.9%
of the preceding week.

Factors associated with work productivity loss are shown in
Table 4. Smoking history was associated with work productivity
loss in univariate analysis (coefficient 26.30 [95% CI 2.79,
49.81]; P = 0.03). The presence of hyperlipidemia was associated
with work productivity loss in both univariate analysis (coefficient –
21.64 [95% CI –38.47, –4.81]; P = 0.01) and multivariable analy-
sis (coefficient –19.01 [95% CI –36.39, –1.63]; P = 0.03) after
adjustment for age, sex, and disease duration.

Activity impairment. Of 78 employed and 33 unem-
ployed patients, 37 (47.4%) and 19 (57.6%), respectively,
reported activity impairment, accounting for 42.2% and 50.0%
of the preceding week (Table 3). Factors associated with activity
impairment are shown in Table 5. The presence of hyperlipidemia
(coefficient –17.90 [95% CI –31.39, –4.42]; P = 0.01), severe
peripheral vasculopathy (coefficient 17.44 [95% CI 3.04, 31.84];
P = 0.02), and calcinosis (coefficient 22.30 [95% CI 5.28, 39.32];
P = 0.01) were associated with activity impairment in univariate
analysis. After adjustment for age, sex, and disease duration, the

Table 3. Work productivity loss and activity impairment in SSc patients*

Patients,
no.

Work time %,
mean � SD

Work time %,
median (IQR)

Absenteeism
All employed patients 73 6.2 � 19.8 0.0 (0.0–0.0)
Employed reporting absenteeism due to SSc 9 50.5 � 31.6 34.8 (32.7–60.0)

Presenteeism
All employed patients 78 19.7 � 25.5 5.0 (0.0–30.0)
Employed reporting presenteeism due to SSc 39 39.5 � 22.8 30.0 (20.0–60.0)

Overall work impairment (work productivity loss)
All employed patients 73 24.5 � 30.2 10.0 (0.0–50.0)
Employed reporting absenteeism or presenteeism due to SSc 39 45.9 � 26.9 46.2 (20.0–67.4)

Activity impairment
All employed and unemployed patients 111 22.6 � 28.8 10.0 (0.0–40.0)
Employed and unemployed reporting activity impairment due to SSc 56 44.8 � 25.4 40.0 (25.0–70.0)
All employed patients 78 20.0 � 27.4 0.0 (0.0–30.0)
Employed reporting activity impairment due to SSc 37 42.2 � 25.4 30.0 (20.0–70.0)
All unemployed patients 33 28.8 � 31.5 20.0 (0.0–50.0)
Unemployed reporting activity impairment due to SSc 19 50.0 � 25.4 50.0 (30.0–70.0)

* IQR = interquartile range; SSc = systemic sclerosis.
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presence of hyperlipidemia (coefficient –18.56 [95% CI –32.22,
–4.90]; P < 0.01) was associated with activity impairment in multi-
variable analysis.

Economic burden of unemployment and work pro-
ductivity loss. For unemployed patients, their mean � SD age
at unemployment was 44.2 � 9.3 years, equating to 22.8 years
of lost employment. The annual cost of unemployment (lost earn-
ing) was estimated to be SGD $53,244 per patient. The overall
cost of unemployment in the remaining working life of unem-
ployed patients was estimated to be SGD $1,213,963 per
patient. For employed patients, the annual cost of work produc-
tivity loss was estimated to be SGD $13,045 per patient. The
annual cost of absenteeism and presenteeism was estimated to
be SGD $3,301 and $9,744 per patient, respectively.

Based on an estimated prevalence of 78–100 per million
population in Singapore, the annual cost of unemployment and
work productivity loss was estimated to be $5.0–6.4 million and

$2.9–3.7 million, respectively. The overall cost of unemployment
in the remaining working life of unemployed patients was esti-
mated to be SGD $113–145 million.

DISCUSSION

This study examined the work productivity and economic
burden of unemployment and work productivity loss among
patients with SSc in a multiethnic Asian population. Nearly 30%
of patients with SSc were unemployed in our study cohort. They
averaged an age of 44.2 years at unemployment, which equates
to 22.8 years of lost employment in Singapore. Work productivity
loss was present in approximately half (53.4%) of the employed
patients, while activity impairment was also reported in approxi-
mately half of both the employed patients (47.4%) and unem-
ployed patients (57.6%), both affecting nearly 50% of the
working week. This is the first study investigating the work pro-
ductivity and economic burden of SSc in Southeast Asia. Findings

Table 4. Factors associated with work productivity loss in employed SSc patients (n = 78)*

Univariate analysis Multivariable analysis

Coefficient (95% CI) P Coefficient (95% CI) P

Female sex –13.35 (–32.96, 6.27) 0.18 9.27 (–16.10, 34.64) 0.47
Age at survey 0.05 (–0.61, 0.71) 0.88 –0.08 (–0.72, 0.56) 0.81
Disease duration, first non-RP symptom onset to survey –0.07 (–1.16, 1.02) 0.90 –0.01 (–1.11, 1.10) 0.99
Smoking history 26.30 (2.79, 49.81) 0.03 27.45 (–1.35, 56.25) 0.06
Comorbidities
Hypertension –4.62 (–24.46, 15.22) 0.64 – –

Ischemic heart disease 43.46 (–16.82, 103.74) 0.16 – –

Hyperlipidemia –21.64 (–38.47, –4.81) 0.01 –19.01 (–36.39, –1.63) 0.03
Diabetes mellitus 10.19 (–20.94, 41.33) 0.52 – –

Renal impairment –4.59 (–65.73, 56.55) 0.88 – –

Stroke –25.22 (–68.35, 17.91) 0.25 – –

Malignancy –18.63 (–54.16, 16.90) 0.30 – –

SSc subtype (ref. lcSSc)
dcSSc –4.19 (–21.14, 12.75) 0.62 – –

SSc overlap –0.73 (–18.53, 17.07) 0.94 – –

Joint involvement 8.11 (–8.59, 24.82) 0.34 – –

Tendon friction rub –17.54 (–53.04, 17.96) 0.33 – –

Mild peripheral vasculopathy –15.23 (–50.85, 20.40) 0.40 – –

Severe peripheral vasculopathy 10.35 (–12.27, 32.98) 0.37 – –

Calcinosis 22.90 (–0.62, 46.43) 0.06 20.76 (–5.74, 47.27) 0.12
Inflammatory myositis –8.82 (–28.58, 10.93) 0.38 – –

Gastrointestinal involvement –0.54 (–18.59, 17.52) 0.95 – –

ILD 7.06 (–11.28, 25.39) 0.44 – –

PAH 13.15 (–16.80, 43.11) 0.38 – –

Renal involvement 15.13 (–10.51, 40.76) 0.24 – –

Cardiac involvement† – – – –

Maximum MRSS –0.40 (–1.27, 0.47) 0.36 – –

FVC –0.16 (–0.65, 0.33) 0.52 – –

Anti–Scl-70 –0.68 (–15.55, 14.19) 0.93 – –

Anticentromere 3.90 (–16.23, 24.04) 0.70 – –

Immunosuppressive treatment (ref. none) 4.43 (–12.72, 21.58) 0.61 – –

Medication for peripheral vasculopathy (ref. none) 13.22 (–12.47, 38.91) 0.31 – –

Medication for PAH (ref. none) –4.59 (–65.73, 56.55) 0.88 – –

* 95% CI = 95% confidence interval; dcSSc = diffuse cutaneous systemic sclerosis; FVC = forced vital capacity; ILD = interstitial lung disease;
lcSSc = limited cutaneous SSc; MRSS = modified Rodnan skin score; PAH = pulmonary arterial hypertension; RP = Raynaud’s phenomenon.
† Coefficient was not calculated as all patients with the condition were unemployed.
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from this study could provide some insights into interventions to
mitigate work impairment in patients with SSc and reduce the dis-
ease burden in the population.

The unemployment rate in our cohort of SSc patients
(29.7%) was relatively lower than those reported in other popula-
tions (approximately one-third to two-thirds) (2,7,18,38,39). Work
productivity loss was also reported by a smaller proportion of
employed patients in our study (53.4%) compared to the study
by Morrisroe et al in Australia (63.6%) (18), but the extent of work
productivity loss (the proportion of the working week impaired)
experienced by our patients was greater (45.9% versus 38.4%).
The mean work productivity loss in all employed SSc patients
(24.5%) was comparable to SSc patients in Australia (24.4%)
(18) and axial spondyloarthritis patients in Singapore (27.6%)
(40). While different disease characteristics, including disease
duration and severity across study populations, may partly
explain this variation, other factors including work and psychoso-
cial characteristics may have also influenced a patient’s employ-
ment status and work productivity (12,41). In addition to

unemployment and work productivity loss, other measures of
work disability, such as reduced work ability and work transi-
tions/changes, have also been reported among patients with
SSc. In the study by Sandqvist et al, 72.9% of the employed
patients with SSc reported poor or moderate work ability after a
mean disease duration of 13 years (38). In the studies by Nguyen
et al (42), Bérezné et al (2), Decuman et al (7), and Morrisroe et al
(18), 31.0–56.0% of patients with SSc reported work transitions/
changes after their diagnosis of SSc.

As work characteristics, including employment status, occu-
pation, and work productivity and ability, may change with differ-
ent health status conditions and other contextual factors,
longitudinal studies are required to capture the dynamic change
of work disability and to explore its relationship with various con-
textual factors. Sandqvist et al found that the relative risk for sick
leave or disability pension in patients with SSc compared to an
age- and sex-matched reference group increased from 2.09 at
1 year from disease onset to 2.41 at 3 years (43). Sharif et al
found that 26.7% of patients who were employed at baseline

Table 5. Factors associated with activity impairment in all SSc patients (n = 111)*

Univariate analysis Multivariable analysis

Coefficient (95% CI) P Coefficient (95% CI) P

Female –2.73 (–19.13, 13.66) 0.74 8.36 (–8.78, 25.49) 0.34
Age at survey 0.08 (–0.44, 0.60) 0.77 0.09 (–0.42, 0.60) 0.73
Disease duration, first non-RP symptom onset to survey 0.34 (–0.50, 1.18) 0.43 0.05 (–0.80, 0.89) 0.91
Smoking history 2.60 (–16.51, 21.71) 0.79 – –

Comorbidities
Hypertension 6.37 (–8.03, 20.78) 0.38 – –

Ischemic heart disease –6.11 (–39.67, 27.45) 0.72 – –

Hyperlipidemia –17.90 (–31.39, –4.42) 0.01 –18.56 (–32.22, –4.90) <0.01
Diabetes mellitus 12.85 (–16.27, 41.97) 0.38 – –

Renal impairment 23.22 (–5.66, 52.11) 0.11 – –

Stroke –17.94 (–58.73, 22.86) 0.39 – –

Malignancy –2.71 (–31.92, 26.50) 0.85 – –

SSc subtype (ref. dcSSc)
lcSSc –1.24 (–13.78, 11.30) 0.85 – –

SSc overlap 3.96 (–10.48, 18.39) 0.59 – –

Joint involvement 8.27 (–4.17, 20.71) 0.19 – –

Tendon friction rub 0.17 (–26.41, 26.75) 0.99 – –

Mild peripheral vasculopathy –7.81 (–31.85, 16.23) 0.52 – –

Severe peripheral vasculopathy 17.44 (3.04, 31.84) 0.02 14.82 (–0.95, 30.58) 0.07
Calcinosis 22.30 (5.28, 39.32) 0.01 18.92 (–0.03, 37.88) 0.05
Inflammatory myositis –0.60 (–15.45, 14.24) 0.94 – –

Gastrointestinal involvement 6.75 (–7.10, 20.59) 0.34 – –

ILD 3.72 (–9.68, 17.12) 0.58 – –

PAH –2.97 (–24.46, 18.52) 0.78 – –

Renal involvement 12.40 (–3.36, 28.15) 0.12 – –

Cardiac involvement 21.74 (–11.32, 54.81) 0.20 – –

Maximum MRSS 0.14 (–0.46, 0.75) 0.64 – –

FVC –0.26 (–0.63, –0.10) 0.16 – –

Anti-Scl-70 1.38 (–9.97, 12.73) 0.81 – –

Anticentromere –0.55 (–17.04, 15.93) 0.95 – –

Immunosuppressive treatment (ref. none) –4.15 (–16.66, 8.37) 0.51 – –

Peripheral vasculopathy medication (ref. none) 11.42 (–7.48, 30.31) 0.23 – –

Medication for PAH (ref. none) 12.85 (–16.27, 41.97) 0.38 – –

* 95% CI = 95% confidence interval; dcSSc = diffuse cutaneous systemic sclerosis; FVC = forced vital capacity; ILD = interstitial lung disease;
lcSSc = limited cutaneous SSc; MRSS = modified Rodnan skin score; PAH = pulmonary arterial hypertension; ref. = reference; RP = Raynaud’s
phenomenon.
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self-reported work disability after an average of 4 years of follow-
up (44). Hudson et al found that the odds of reporting work disabil-
ity increased by ~15%with every 5 additional years of disease (45).
However, in our study, we did not find an association between dis-
ease duration and unemployment or work productivity loss.

Exploring risk factors for unemployment and work produc-
tivity loss among patients with SSc can provide a basis for the
development of interventions to prevent and mitigate the impact
of disease on work. Currently identified factors for unemploy-
ment and productivity loss vary across studies, including demo-
graphic (2,38,39,43,44), disease-related (2,7,38,39,42,44–47),
work-related (38,46), and sociopsychologic characteristics
(42,44), many of which are potentially modifiable with appropri-
ate interventions. In accordance with findings from previous
studies (2,7,10,38,44,45), organ involvement such as kidney,
severe peripheral vasculopathy, and severity of lung involvement
(FVC) were associated with unemployment. Lung involvement
(ILD and PAH) is the most common cause of mortality in SSc
(48). Notably, while the presence of ILD and PAH was not asso-
ciated with unemployment, the severity of disease with lower
FVC was associated with unemployment. However, none of
these associations were significant in multivariable analysis after
adjustment for age, sex, and disease duration, possibly due to
the small sample size.

Hyperlipidemia was negatively associated with work pro-
ductivity loss and activity impairment, i.e., patients with hyperlip-
idemia compared to those without hyperlipidemia had better
outcomes. This finding could be due to the fact that the majority
of these patients (57%, data not shown) were treated with a
statin, which has been shown to improve impaired endothelial
function, lower high-sensitivity C-reactive protein and immune
complex production (49), and improve skin microvascular func-
tion in SSc (50). Therefore, the treatment of hyperlipidemia with
statins, rather than hyperlipidemia per se, may have been associ-
ated with better outcomes of work productivity and activity
impairment. Disease duration, which was found to be associated
with work disability in some studies (2,7,45,47) was not signifi-
cant in our study. Decuman et al studied work participation and
transition among SSc patients of working age and found that
patients who reported work transitions had significantly longer
disease duration compared to those with no work transition
(6.3 versus 2.7 years) (7). Hence, patients may have received
job accommodation/work transitions or have adjusted them-
selves to the demands at work, all of which may have offset the
impact of more severe disease or disease damage due to longer
disease duration.

Several systematic reviews have been conducted on the fac-
tors associated with work impairment of SSc, which yielded incon-
sistent findings. Schouffoer et al found only moderate evidence for
the associations with disease-specific symptoms, functional dis-
ability, and quality of life (12). Decuman et al found that, among
the factors with a strong association (global disability, income,

muscle/skin involvement, and demands at work), only global dis-
ability was reported frequently in the literature (10). McCormick
et al found that the productivity loss was mainly driven by more
generalized factors such as pain, fatigue, depression, cognitive
dysfunction, and being overweight (11), which we did not investi-
gate in our study. While this inconsistency could be mainly attrib-
uted to the diversity of contextual factors examined in various
studies, it also highlights the importance of defining the essential
contextual factors in studying the impact of disease on work (41).

Significant economic burden of SSc has been reported in the
literature, despite different components of the cost estimated and
data resources used across studies (11,13). In this study, we esti-
mated the cost of SSc associated with unemployment and work
productivity loss among affected individuals. Nearly 30% of our
patients with SSc were unemployed at the time of this study. They
lost an average of 22.8 years of employment, which was much
longer than those reported in other published studies and hence
a much higher cost of unemployment (lost earning) to society
(14,18–22,39). Our estimated cost of work productivity loss was
also relatively higher compared to the cost reported in the study
by Morrisroe et al, in which the same measurement of work pro-
ductivity loss (WPAI) was used (18).

There are several limitations in this study. First, data on
employment status before and at disease onset were not col-
lected. Possibly some of our patients were unemployed before
the onset of SSc. Thus, the impact of SSc on unemployment sta-
tus might have been overestimated in our study. Second, other
than the demographic and disease characteristics examined in
this study, other factors, including work and sociopsychologic
characteristics that were not examined, may have also played
important roles in the unemployment and work impairment in our
patients. This possibility would be the subject of future studies,
which require a larger sample size to examine multiple factors.
Last, we studied patients attending a tertiary referral center who
might have more severe disease compared to those who were
seeking treatment in nontertiary clinics and those who were not
seeking treatment in the community. The impact and burden of
SSc might thus have been overestimated in our population.

SSc imposes significant unemployment and work productiv-
ity loss and causes substantial economic burden to both affected
individuals and society. Modifying the identified factors associated
with unemployment and work productivity loss may reduce the
burden of SSc.
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B R I E F R E P O R T

Finger Systolic Blood Pressure Index Measurement: A Useful
Tool for the Evaluation of Arterial Disease in Patients With
Systemic Sclerosis

Sophie Blaise,1 Carine Boulon,2 Marion Mangin,2 Patricia Senet,3 Isabelle Lazareth,4 Bernard Imbert,1

François-Xavier Lapebie,5 Philippe Lacroix,6 Joël Constans,2 and Patrick Carpentier1

Objective. To evaluate the prevalence and clinical correlates of peripheral arterial disease of the upper limbs in
patients with systemic sclerosis (SSc), as detected with finger brachial pressure index (FBPI) measurements.

Methods. This work is based on the baseline data of the SCLEROCAP multicenter cohort of SSc patients. Finger
systolic blood pressure was measured with laser Doppler flowmetry, and the FBPI was obtained as its ratio over the
ipsilateral brachial systolic blood pressure. An FBPI of <0.70 was used as the diagnostic criterion for occlusive arterial
disease of the upper limbs. Thus, the prevalence of defined arterial disease as well as its clinical, biologic, and capillaro-
scopic correlates were evaluated.

Results. Among 326 enrolled patients, 177 (54.3%) met the criterion for arterial disease (FBPI <0.70). No association
was found with the type of SSc nor with the type of associated antinuclear antibodies, but a significant association was
found with the duration of the disease (P < 0.001), the capillaroscopic pattern (P < 0.001), and most strikingly with the
presence of digital ulcers (42.9% versus 13.4%; P < 0.001). A quantitative relationship was found between the FBPI
and the prevalence of digital ulcers and was shown to be independent from the capillaroscopic pattern.

Conclusion. This cross-sectional study shows a high prevalence of arterial disease of the upper limbs in patients
with SSc. FBPI appears to be a strong and independent predictor of digital ulcers. This study suggests that both
macro- and microangiopathy are contributing to the ischemic damage of the fingertips.

INTRODUCTION

Systemic sclerosis (SSc) is a life-threatening and disabling

chronic disease involving the connective tissue and vascula-

ture of the skin and internal organs. Vascular disorders of the

extremities are a key feature of this disease that most often

begins with severe Raynaud’s phenomenon and is frequently

associated with digital ulcers that are disabling and can lead

to severe ischemic complications. Although a specific micro-

angiopathy easily detected by capillaroscopy is thought to be

the major cause of such ischemic digital ulcers, arterial involve-

ment of the hand and finger arteries has also been found

frequently and is associated with digital ulcers in a small series

of patients using various imaging techniques from arteriogra-

phy to Duplex ultrasound imaging (1–6). However, none of

these techniques allows an easy quantification of the arterial

functional deficit.
Distal blood pressure measurements, using various ple-

thysmographic techniques or laser Doppler flowmetry (LDF),

allow for a quantitative functional evaluation of the peripheral

arterial system. The blood measurements are recommended

and routinely performed at the toe level for the evaluation of

patients with suspected critical limb ischemia of the lower

limbs (7), and the toe brachial index has been proposed as a
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more reliable technique than the ankle brachial index for the

diagnosis of peripheral arterial disease (PAD), especially in

patients with diabetes mellitus, due to the frequent calcifica-

tions at the ankle level and to a more distal site of arterial

involvement (7). Such blood measurements are also used in

the upper limbs, in recent years, mostly for the prediction and

evaluation of hemodialysis access–induced distal ischemia
(HAIDI) (8,9).

The SCLEROCAP multicenter cohort study provided us with
an opportunity to assess the potential of this approach in a large
series of patients with SSc who benefited from a systematic clini-
cal, biologic, and capillaroscopic examination. We also looked for
the prevalence and clinical correlates of PAD of the upper limbs as
detected and quantified by finger brachial pressure index (FBPI)
measurements in these patients.

MATERIALS AND METHODS

This work is a predefined ancillary study of the SCLEROCAP
cohort study on SSc, which is an observational prospective multi-
center study aiming at evaluating the prognostic value of
capillaroscopic classifications during a 3-year follow-up (10).
SCLEROCAP was designed and performed in compliance with
good clinical practices and the Declaration of Helsinki. Formal
ethics committee approval was obtained on March 7, 2014.

Details of the methods are described in a previous publica-
tion (10). Briefly, consecutive patients age ≥18 years, presenting

SIGNIFICANCE & INNOVATIONS
• The finger brachial pressure index (FBPI) can be

easily and noninvasively measured in patients with
systemic sclerosis. It allows the detection, with a
diagnostic threshold level of <0.70, and the quantifi-
cation of arterial disease of the upper limbs.

• Arterial disease of the upper limbs, as detected with
this method, is strongly associated with the preva-
lence of digital ulcers and with the severity of micro-
angiopathy as evaluated by capillaroscopy.

• Both arterial disease assessed by FBPI andmicroan-
giopathy evaluated by capillaroscopy are indepen-
dently associated with digital ulcers.

Table 1. Systemic sclerosis (SSc) features associated with arterial disease of the upper limbs*

Arterial disease
FBPI

<0.70 (n = 177)

No significant arterial
disease FBPI

≥0.70 (n = 149)

Total
population
(n = 326) P

Female/male, no. 153/24 123/26 276/50 NS
Age, mean � SD years 58.6 � 14.5 56.3 � 12.5 57.5 � 13/7 0.015
Smoker, current or past 30.5 32.9 31.6 NS
Body mass index,

mean � SD kg/m2
23.8 � 4.8 23.7 � 4.4 23.8 � 4.6 NS

Type of SSc NS
Limited 18.1 26.8 22.1 NS
Cutaneous limited 71.2 66.4 69.0 NS
Diffuse cutaneous 10.7 6.7 8.9 NS

Raynaud’s phenomenon 94.4 95.3 94.8 NS
Time since Raynaud’s phenomenon

onset, mean � SD years
14.8 � 13.3 12.0 � 9.7 13.6 � 11.9 0.002

Time since SSc diagnosis,
mean � SD years

7.8 � 8.1 5.6 � 5.8 6.8 � 7.2 <0.001

Modified Rodnan score,
mean � SD

6.2 � 5.6 4.0 � 4.8 5.2 � 5.5 0.032

Pitting scars/active ulcers 42.9 13.4 29.4 <0.001
Active ulcers only 15.3 1.3 8.9 <0.001

Antinuclear antibodies NS
Anticentromere 58.2 55.7 57.1 NS
Anti–Scl-70 22.0 14.2 18.7 NS
Anti-RNase III 3.6 4.2 4.2 NS

Capillaroscopy: Maricq classification
No SSc pattern 11.3 18.1 14.4 <0.001
Slow pattern 50.3 65.1 57.1 <0.001
Active pattern 38.4 16.8 28.5 <0.001

Capillaroscopy: Cutolo classification
No SSc pattern 11.3 18.1 14.4 <0.001
Early 18.1 30.9 23.9 <0.001
Active 39.0 37.6 38.3 <0.001
Late 31.6 13.4 23.3 <0.001

* Values are the percentage unless indicated otherwise. FBPI = Finger Brachial Pressure Index; NS = nonsignificant.
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with SSc according to the LeRoy and Medsger’s criteria
(in order to include early SSc) (11), were enrolled for a 3-year
follow-up in 10 French medical departments with different spe-
cialties (vascular medicine, rheumatology, internal medicine,
and dermatology). In addition to the SSc work-up and capillaro-
scopy rating according to the Maricq (12) and Cutolo (13)
classifications, a systematic measurement of digital arterial
pressures with calculation of the FBPI was performed at base-
line in 5 of the 10 centers.

Briefly, Maricq’s classification distinguishes 2 different pat-
terns: a slow one, with giant capillaries but no or minimal avascu-
lar areas, and an active one, with few or absent giant capillaries
but with large avascular areas and architectural disorganization
(12). In Cutolo’s classification, 3 different patterns are consid-
ered. The early pattern contained few giant capillaries and hem-
orrhage and preserved capillary organization with no evident
capillary loss. The active pattern contained frequent giant
capillaries and hemorrhage and moderate capillary loss. The late
pattern consisted of few or absent giant capillaries, the absence
of hemorrhage, severe capillary loss with large avascular areas,
disorganization of capillary loops, and the presence of bushy
capillaries (13).

Finger systolic blood pressure (FSBP) was measured in all
centers using LDF (Periflux System 5000; Perimed) on 8 fingers,
all but the thumbs. The patient was resting for 15 minutes, before
the pressuremeasurements, in a roomwith a comfortable temper-
ature (between 20� and 25�C) according to the season, and after
warming the fingers using different techniques according to each
center (14,15). A cuff of suitable size was fitted on the proximal or
medial phalanx. Before inflating the cuff, the pulp of the finger
was emptied by gentle manual compression. A suprasystolic pres-
sure (200 mm Hg) was applied, and after a baseline recording of
3 seconds, the cuff was automatically and gradually deflated at a
rate of 3.4 mm Hg/second. The system also provided automatic
detection of the reappearance of the flow and the corresponding
pressure value as the systolic pressure. Each measurement was
repeated 3 times for a given finger and the median value recorded
as the FSBP. The FBPI was calculated as the ratio of the lowest
FSBP of the limb over the ipsilateral brachial systolic blood pres-
sure. The lowest of the 2 upper limbs’ FBPI was selected as the
patient FBPI. In accordance with the lower limbs’most used crite-
rion (7), an FBPI of <0.70 was considered the threshold level for
significant occlusive arterial disease of the upper limbs. Statistical
analysis was performed using SPSS software, version 25, for
descriptive statistics, chi-square tests (categorical variables) and
variance analysis (quantitative variables) for hypothesis testing.
A P value less than 0.05 was considered significant.

RESULTS

A total of 326 patients, of 387 in the whole SCLEROCAP
study group, were included in the current study by the 5 centers
where FBPI measurements were systematically recorded. The
patients’ main characteristics are reported in Table 1. The FBPI
histogram is shown in Figure 1A. Our criterion of an FBPI of
<0.70 for significant occlusive arterial disease was met in as many
as 177 patients (54.3%); notably, 45 patients (13.8%) were found
to have an FBPI of <0.40.

The clinical, immunologic, and capillaroscopic correlates of
the presence of an arterial disease of the upper limbs (FBPI
<0.70) are reported in Table 1. No significant association was
found with age, sex, body mass index, or smoking habits, or with
the type of SSc and type of associated antinuclear antibodies. By
contrast, a significant relationship was found with the duration of
the disease (delays from Raynaud’s phenomenon onset and from
SSc diagnosis; P < 0.001 for both parameters). But most inter-
estingly, a strong and highly significant association was found
with an aggressive capillaroscopic pattern (P < 0.001 for both
Maricq and Cutolo classifications), as well as with the presence
of all digital ulcers (42.9% versus 13.4%; P < 0.001) and active
digital ulcers (15.3% versus 1.3%; P < 0.001).

Furthermore, the prevalence of both all ulcers and active
ulcers progressively and strongly increased with lower levels of
FBPI, as shown in Figure 1B, and this finding remained significant

Figure 1. A, Histogram of finger brachial pressure index (FBPI), as
measured in 326 patients with systemic sclerosis (SSc). An FBPI of
<0.70 in at least 1 upper limb was the criterion used for the diagnosis
of occlusive arterial disease of the upper limbs. B, Prevalence of
active ulcers and ulcer scars according to the level of FBPI in
326 patients with systemic sclerosis.
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after adjusting for the capillaroscopic pattern (variance analysis
Maricq or Cutolo). A low FBPI and an aggressive capillaroscopic
pattern were strong independent factors for digital ulcers (Figure 2).

DISCUSSION

Several studies have reported the frequent presence of PAD
of the upper limbs in patients with SSc and its association with
digital ulcers, using arteriography (1), magnetic resonance arterial
imaging (2), computed tomography (3), plethysmography (4), and
ultrasound duplex (5,6), as well as finger pressure measurements
in a small series (1). However, our study is the first to evaluate the
prevalence of PAD in a large multicenter cohort of patients with
SSc, showing its high magnitude and strength of association with
digital ulcers. This study is also the first exploring the association
with capillaroscopic findings on a large scale and to show that
both arterial and microvascular angiopathies are statistically inde-
pendent factors for digital ulcers in patients with SSc.

Compared to the other arterial evaluation techniques, the
distal arterial pressure measurements have the advantage of
allowing for a quantification of the arterial functional deficit. They
have been extensively studied in the lower limbs, where toe blood
pressure measurements are now used routinely in patients with
severe PAD for prognostic classification and clinical decision-
making. The toe brachial pressure index is also increasingly rec-
ommended for the diagnosis of PAD instead of the ankle brachial
index, with a diagnostic threshold level of 0.70, especially in
patients with diabetes mellitus, due to their more distal site of arte-
rial lesions and the frequent occurrence of calcified ankle arteries,
hampering the segmental pressure measurements at this level.

We chose to use the same threshold level for the upper
limbs, in the absence of specific recommendations or relevant
studies. Indeed, very few studies have evaluated upper limb arte-
rial function using arterial pressure measurements until now, with

the exception of studies in HAIDI (8,9). These studies used ple-
thysmographic techniques, which are less sensitive than LDF
(16,17) but are well-suited for this indication, where there is no
need to accurately measure very low pressures, as is the case in
patients with SSc. In the HAIDI studies, the contralateral brachial
pressure was used as a reference for the FBPI calculation. Either
0.70 or 0.60 were found to be the best thresholds for the HAIDI
risk, and 0.40 for the diagnosis of hand ischemia. The methodol-
ogy used in that study showed an excellent repeatability of the
measurements, whatever the warming method used and the site
of measurement (15). The prevalence of arteriopathy we found
could even be slightly underestimated due to the positioning of
the cuff on the proximal phalanx in some centers.

In this study, arterial disease, remarkably, is strongly associ-
ated with both capillaroscopic abnormalities and digital ulcers, but
with none of the nonvascular characteristics of SSc except its dura-
tion and a weak association with the Rodnan score that can very
well be related to the disease duration. No association with smok-
ing habits was found. By contrast, the strong and independent
association of both microangiopathic and arterial disease with digi-
tal ulcers is in favor of their combined responsibility in the occur-
rence of such complications. This relationship will be explored
further in the longitudinal follow-up of these patients, as well as the
individual predictive values of the different parameters. However,
we already propose that not only microvascular but also arterial fac-
tors should be evaluated in patients with SSc for a comprehensive
understanding and management of their vascular complications,
especially digital ulcers. The best way to estimate the risk of digital
ulceration is probably to evaluate the risk factors with the macro-
and microcirculatory status, and thus to combine finger pressure
measurements and capillaroscopy. Systematic screening for arter-
iopathy of the upper limbs, particularly in patients with a long history
of SSc, could lead to a less negative evolution toward digital ulcers.
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Electromyographic Muscle Activity and Three-Dimensional
Scapular Kinematics in Patients With Multidirectional
Shoulder Instability: A Study in the Hypermobile
Type of the Ehlers-Danlos Syndrome and the
Hypermobility Spectrum Disorders

Valentien Spanhove,1 Patrick Calders,1 Kelly Berckmans,1 Tanneke Palmans,1 Fransiska Malfait,2 Ann Cools,1

and Inge De Wandele3

Objective. To investigate differences in electromyography (EMG), muscle activity, and scapular kinematics during
elevation in the scapular plane between healthy controls, participants with multidirectional shoulder laxity (MDL), and
patients with multidirectional shoulder instability (MDI) who are diagnosed with hypermobile Ehlers-Danlos syndrome
(hEDS) or hypermobility spectrum disorder (HSD).

Methods. Twenty-seven women with hEDS/HSD and MDI, 27 female healthy control subjects, and 28 female sub-
jects with MDL participated in this study. Scapular 3-dimensional kinematic data were obtained using 8 Oqus Qualisys
cameras. Simultaneously, surface EMGwas used to measure muscle activity of the upper, middle, and lower trapezius,
infraspinatus, latissimus dorsi, serratus anterior, posterior deltoid, and pectoralis major during arm elevation in the
scapular plane. Group differences were assessed using statistical parametric mapping.

Results. Regarding scapular kinematics, significantly less upward rotation was observed in hEDS/HSD patients
with MDI compared to both healthy controls and MDL subjects. Significantly less posterior tilt was seen in hEDS/
HSD patients compared to MDL subjects. Furthermore, significantly higher EMG activity of the infraspinatus, middle
trapezius, and posterior deltoid was found in hEDS/HSD patients with MDI.

Conclusion. hEDS/HSD patients with MDI demonstrate altered scapular kinematics and increased EMG muscle
activity compared to subjects without MDI. These findings could serve as a stepping stone for future research regard-
ing treatment strategies in patients whose conditions belong to the hypermobility spectrum.

INTRODUCTION

Although multiple factors affect shoulder stability, capsular

laxity plays a major role in the development of several clinical con-

ditions, ranging from asymptomatic shoulder laxity to multidirec-

tional shoulder instability (MDI) (1). Shoulder laxity is an

asymptomatic condition characterized by increased translations

of the articular surfaces (2). If this increased laxity occurs in ≥2

directions, it is referred to as multidirectional shoulder laxity

(MDL) (3). By contrast, MDI is a symptomatic, pathologic condi-

tion associated with involuntary shoulder luxations and subluxa-

tions (1). Individuals with MDI experience symptoms that

interfere with daily life activities such as shoulder pain and appre-

hension tension (4). Hence, some individuals with increased gle-

nohumeral translations develop symptoms while others do

not (5).
Shoulder instability may occur in isolation or as part of a more

generalized joint hypermobility condition, such as the hypermobil-

ity spectrum disorder (HSD) or the hypermobile Ehlers-Danlos

syndrome (hEDS). hEDS is a heritable connective tissue disorder,

in which patients experience a generalized joint hypermobility with

joint instability, accompanied by other systemic signs of tissue fra-

gility, such as atrophic scarring, herniations of the abdominal wall,

or organ prolapses (6,7). Individuals diagnosed with HSD
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experience symptomatic joint hypermobility with secondary mus-

culoskeletal manifestations but do not meet the full criteria for

hEDS regarding the systemic tissue fragility (6). Despite the differ-

ence in soft tissue fragility, musculoskeletal manifestations of

hEDS and HSDmostly overlap and consist of recurrent joint dislo-

cations, overload injuries, and chronic pain (6).
Although hEDS/HSD patients frequently experience recur-

rent shoulder dislocations (8), knowledge regarding MDI in
patients with hEDS/HSD is limited and mainly derived from stud-
ies investigating MDI in individuals without generalized joint hyper-
mobility. Additionally, findings regarding muscle activity in patients
with MDI have been contradictory. While some studies have
reported an increased and/or prolonged activation of rotator cuff
muscles (9,10), other studies were unable to confirm this finding
(3,11). Results regarding scapular movement in MDI are more
consistent and indicate insufficient scapular upward rotation and
increased scapular internal rotation (5,12). Although a consider-
able number of studies have investigated MDI, knowledge regard-
ing MDL is scarce. Morris et al. reported that the activity of the
rotator cuff muscles was similar in MDI, MDL, and healthy shoul-
ders (3). However, increased activity of the posterior deltoid was
observed in MDL, which was explained as a compensatory strat-
egy for the increased shoulder laxity (3).

Nevertheless, current findings of muscle activity and scapular
kinematics in MDI and MDL might not be fully transferable to
hEDS/HSD patients for several reasons. First, both myotendinous
as well as myofascial force transmission might be disturbed in
EDS, as multiple studies have shown evidence for an abnormal
connective tissue composition of the muscle’s extracellular matrix
(13), which might influence electromyography (EMG) measure-
ments (14). Furthermore, evidence exists for the involvement of
central sensitization in hEDS/HSD patients, contributing to wide-
spread, chronic pain (15). Therefore, pain might negatively inter-
fere with muscle performance. Additionally, fear of pain might
trigger patients to avoid painful muscle contractions, possibly
affecting movement as well (16).

Therefore, we wanted to examine whether changes in mus-
cle activity and scapular motion occur in patients with hEDS/
HSD, and if so, whether these changes are comparable with
alterations seen in MDI or MDL. The purpose of this study was
to determine differences in EMG activity and 3-dimensional (3D)
scapular kinematics during elevation in the scapular plane
between hEDS/HSD patients with MDI, participants with MDL,
and healthy controls. We hypothesized that muscle activity and
scapular kinematics are altered in hEDS/HSD patients with MDI
compared to both MDL subjects and healthy controls and that
these changes may be present to a lesser extent in MDL
subjects.

MATERIALS AND METHODS

Subjects. Three groups of female participants were
recruited: 27 patients with MDI, who had previously been diag-
nosed with hEDS (n = 14) or HSD (n = 13); 28 participants with
MDL, and 27 healthy controls. Patients with hEDS/HSD were
recruited at the Center for Medical Genetics of Ghent University
Hospital. All patients were diagnosed with hEDS or generalized
HSD, according to the classification of the international EDS con-
sortium (6,7). For this study, only hEDS/HSD patients with MDI
were selected. MDI was diagnosed based on the following inclu-
sion criteria (17): 1) shoulder pain for at least 3 months prior to
the study; 2) symptoms of shoulder instability (e.g., involuntary
recurrent subluxations/dislocations, apprehensive muscle ten-
sion, sensation of shoulder giving way) in daily life, without a trau-
matic onset; and 3) shoulder laxity in at least 2 directions
confirmed on clinical examination (Table 1). Additionally, partici-
pants had to be able to elevate their arm up to 120� without shoul-
der luxation or subluxation. Patients were excluded if they had a
history of frozen shoulder or shoulder surgery.

Healthy controls andMDL subjects were volunteers recruited
from the local community via advertisement on social media. Con-
trols and MDL participants were excluded if they had symptoms
of shoulder instability, shoulder pain, any generalized disease
diagnosed by a medical doctor (e.g., hEDS, HSD, diabetes

Table 1. Shoulder laxity tests

Test
Direction of

laxity Cutoff value

Sulcus sign Inferior >2 cm (44)
Gagey hyperabduction
test

Inferior >105� (45)

Anterior/posterior load
and shift

Anterior/
posterior

Grade 2 or 3 (46)

Passive external rotation
in supine

Anterior >90� (47)

Active external rotation in
standing

Anterior >85� (47)

Posterior jerk Posterior Positive if a clunk is
felt (48)

SIGNIFICANCE & INNOVATIONS
• This is the first study to provide evidence for an

altered scapular movement and increased electro-
myography (EMG) muscle activity in hypermobile
Ehlers-Danlos syndrome (hEDS)/hypermobility spec-
trum disorder (HSD) patients with multidirectional
shoulder instability (MDI).

• Since alterations in scapular movement and EMG
activity were found in hEDS/HSD patients and not
in multidirectional shoulder laxity subjects, factors
other than increased shoulder laxity may play
a role.

• This study could serve as a stepping stone for future
research regarding functional exercise therapy in
hEDS/HSD patients with MDI.
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mellitus, multiple sclerosis, etc.), a history of shoulder pathology
(confirmed on imaging), if they used any medication (except for
contraceptives), or if they participated in overhead sports for
>3 hours per week. In addition, controls were excluded if they
had MDL or generalized joint hypermobility (Beighton score ≥4
of 9) (7). Participants were included in the MDL group if they
scored positive on shoulder laxity tests in at least 2 directions
(Table 1) but had no shoulder complaints that interfered with daily
life activities. All clinical shoulder examinations were performed by
the same team of physical therapists (VS and IDW) with knowl-
edge of hEDS, HSD, and MDI. Only women were recruited for this
study, given the large predominance of joint hypermobility condi-
tions in females (14,18). This study was approved by the Ethics
Committee of Ghent University Hospital. An informed consent
was obtained from all participants.

Instrumentation. Surface EMG data were collected from
the upper trapezius, middle trapezius, lower trapezius, infraspi-
natus, latissimus dorsi, serratus anterior, posterior deltoid,
and pectoralis major (sternal part) using the Noraxon Ultium
ESP System. Bipolar surface electrodes (Ag/AgCl; Ambu
BlueSensor N, type N-00-S/25; 30 × 22 mm) were placed with
an interelectrode distance of 1 cm, in line with the muscle fibers.
Prior to electrode placement, the skin surface was shaved,
scrubbed, and degreased with alcohol to minimize skin imped-
ance. Surface electrodes were placed according to the Surface
Electromyography for the Non-Invasive Assessment of Muscles
guidelines on the posterior deltoid and the upper, middle, and
lower trapezius. Electrode placement for the other muscles is
described in Table 2.

3D kinematic data were obtained using 8 Oqus Qualisys
cameras (6 Oqus 3+ and 2 Oqus 4, 200Hz). After calibration,
spherical infrared reflective markers (12.5-mm lightweight
markers) were placed on 34 anatomical landmarks, based on
International Society of Biomechanics recommendations (19).
Simultaneous collection of EMG and 3D kinematic data was
possible using the Qualisys Track Manager Software (QTM
2019.1).

Testing procedure. The shoulders of all participants were
clinically examined. First, shoulder laxity tests were evaluated
(Table 1). Next, the apprehension and relocation tests were per-
formed to evaluate symptoms of shoulder instability, such as sub-
luxation or apprehensive muscle tension (20). Lastly, the Beighton
score was evaluated.

After clinical examination, EMG electrodes were placed. To
allow for relevant EMG comparisons between subjects and stud-
ies, it is recommended to normalize EMG activity to a maximum
voluntary isometric contraction (MVIC) (21). Most hEDS/HSD
patients were unable to perform the previously described MVICs
(22), since many of these positions are challenging for unstable
shoulders and provoke pain symptoms and apprehension. Con-
sequently, for this study, a set of 4 alternative MVICs was per-
formed in random order: isometric shoulder abduction,
adduction, external rotation, and internal rotation, with the
humerus positioned next to the thorax to minimize the risk of dis-
locating. Each MVIC was maintained for 5 seconds and repeated
3 times. Participants were verbally encouraged to achieve maxi-
mal effort during all trials. Shoulder pain was rated on a 10-cm
visual analog scale (VAS; 0 = no pain and 10 = worst pain) just
before and during the MVIC tests.

Next, all participants performed 5 repetitions of elevation
in the scapular plane (30� anterior to the frontal plane). Eleva-
tion in the scapular plane was chosen since it is a functional
movement frequently studied in patients with MDI (10,23).
First, a visual demonstration was given by the investigator.
Subsequently, each participant was instructed to elevate the
arm in the scapular plane up to 120� to a count of 8 seconds:
4 seconds to elevate and 4 seconds to lower the arm. Each
repetition was preceded and followed by 5 seconds of rest.
To ensure standardization, external feedback was provided
by a stick with marked limits that indicated the position of the
scapular plane and the end range of motion (120�). Verbal
and visual feedback was provided by the investigator (VS).
Additionally, a metronome was used to control movement
velocity (60 beats/minute).

Signal processing and data analysis. For the signal pro-
cessing of the 3D-kinematic data, anatomical markers were digi-
tally labeled within the Qualisys Track Manager interface.
Subsequently, the labeled c3d files were imported in Visual 3D
(v6.01.36, C-motion Inc.). Data were filtered using a fourth-order
Butterworth low-pass filter at 6Hz (25), and joint angles were cal-
culated based on the Upper Limb Pelvis Model 2018, which uses
an inverse kinematics constraint model based on ISB recommen-
dations of Wu et al (19,25).

Surface EMG signals were first processed using the MyoRe-
search 3 3.14.16 (Noraxon) software program. Electrocardiogram
reduction was performed, followed by full-wave rectification and
signal smoothing (root mean square, 100-millisecond window).
For each muscle and MVIC test, the mean amplitude of each

Table 2. Electromyography electrode placement*

Muscle Electrode placement

IS 2.5 to 3 cm inferior to the scapular spine, between the LT
and PD. The borders of LT and PD were palpated
during contraction to ensure correct electrode
placement (11)

LD 3 cm lateral and inferior to the inferior angle of the
scapula (49)

SA At the seventh rib, below the axilla, anterior to the LD
and posterior to the PM (50)

PM One-third medially of the greater tuberosity, on an
imaginary line determined by the greater tuberosity
and the xiphoid process (51)

* IS = infraspinatus; LD = latissimus dorsi; LT = lower trapezius;
PD = posterior deltoid; PM = pectoralis major; SA = serratus anterior.
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trial was calculated using a 3-second analysis window (26).
Next, the mean amplitudes of each trial were averaged. As a
result, 4 averaged mean amplitudes for each muscle were
recorded. The MVIC value (100%) was defined as the highest
averaged mean amplitude for that muscle obtained during 1 of
the 4 MVIC tests.

To perform the statistical parametric mapping (SPM) analy-
sis, all data were exported to Matlab (Matlab R2016b;
9.1.0.441655). Subsequently, data were time normalized within
Matlab to 101 data frames. This procedure means that at 50%
of the elevation movement, the highest elevation angle (120�)
was reached.

Statistical analysis. Demographic characteristics were
analyzed using IBM SPSS statistics software, version 25.0. For
each muscle, intraclass correlation coefficients (ICCs; 2-way ran-
dom, absolute agreement) were calculated over the 3 trials per-
formed to determine the trial-to-trial reliability of MVIC
measurements.

To statistically compare scapular kinematics and EMG data
between groups, a curve analysis was conducted using SPM
(27). All SPM analyses were performed using the open-source
spm1d code (www.spm1d.org) in Matlab. Specifically, a 1-way
independent analysis of variance (ANOVA), SPM(F), was used to
compare scapular kinematics and muscle activity between
groups. If statistical significance was reached in the ANOVA, post
hoc analyses were done using 2-sample t-tests of SPM, con-
ducted on all group pairs. The Bonferroni correction was used to
correct for multiple comparisons across the 3 groups. First, the
SPM(F) curve was computed for the complete time series. Sec-
ond, the temporal smoothness of the data was estimated based
on the average temporal gradient. Third, to test our null hypothe-
sis (no differences in scapular kinematics and EMG activity
between groups), the critical threshold of SPM(F) was calculated,
above which only 5% of the data (alpha) would be expected to
traverse in case of an equally smooth random process. This
method is based on the random field theory (28). Due to interde-
pendence of neighboring points and waveform smoothness, mul-
tiple adjacent points of the SPM(F) curve may exceed the critical
threshold, forming a suprathreshold cluster. Fourth, cluster-
specific P values were calculated for each suprathreshold cluster.

For all analyses, alpha was set at 0.05. This statistical method has
been previously described in detail elsewhere (27,28) (www.
spm1d.org).

RESULTS

Demographic characteristics. Demographic character-
istics are shown in Table 3. No statistically significant differences
between groups were found, except for age and Beighton score.

Scapular kinematics. Statistical analysis showed signifi-
cantly less posterior tilt in the hEDS/HSD group compared to the
MDL group during the descending phase of elevation (60–79%;
P = 0.02) (Figure 1). Furthermore, hEDS/HSD patients demon-
strated significantly less upward rotation compared to both con-
trols and MDL participants during the first half of the ascending
(0–25% [P = 0.005] and 0–7.5% [P = 0.04], respectively) and
the final part of the descending phase of elevation (65–100%
[P < 0.001] and 77–100% [P = 0.01], respectively) (Figure 2).
Regarding scapular internal/external rotation, no significant group
differences were found.

Surface EMG. ICCs for trial-to-trial reliability of EMG activity
during the MVICs varied from 0.961 to 0.991, showing excellent
reliability of MVIC measurements (29). ANOVA analysis in SPM
identified significant group differences in EMG activity during ele-
vation in the scapular plane. An overview of the significant results
of the post hoc analyses is available in Supplementary Table 1,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24525/abstract. Mean
trajectories with SD clouds for all muscles are shown in Supple-
mentary Figure 1, available at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24525/abstract.

hEDS/HSD patients versus controls. Patients showed higher
infraspinatus activity during the full range of motion. In addition,
higher activity of the middle trapezius was observed in patients
at different stages of elevation. During the final part of the des-
cending phase, patients showed higher activity of the lower trape-
zius and posterior deltoid. During the first part of the ascending
phase, higher latissimus dorsi activity was observed in patients.
No significant differences between patients and controls were

Table 3. Demographic characteristics*

Variable hEDS/HSD patients (n = 27) Healthy controls (n = 27) MDL subjects (n = 28)

Age, years† 34.7 � 13.22 31.9 � 9.61 24.2 � 3.49
Height, cm 168.5 � 7.64 170.0 � 5.34 169.9 � 4.34
Body mass, kg 64.9 � 13.40 63.0 � 8.18 60.0 � 5.75
Beighton score‡ 5.7 � 2.14 1.5 � 1.48 3.1 � 2.13

* Values are the mean � SD. hEDS = hypermobile Ehlers-Danlos syndrome; HSD = hypermobility spectrum disor-
der; MDL = multidirectional shoulder laxity.
† The MDL group was significantly younger than the hEDS/HSD (P < 0.001) and control groups (P = 0.01).
‡ The hEDS/HSD group had a significantly higher Beighton score than the MDL (P < 0.001) and control (P < 0.001)
groups. Moreover, the MDL group had a significantly higher Beighton score than the control group (P = 0.008).
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found for the serratus anterior, pectoralis major, and upper
trapezius.

hEDS/HSD patients versus MDL participants. Patients had
an overall higher infraspinatus, middle trapezius, and posterior
deltoid activity throughout the greater part of elevation. During
the first part of the ascending phase, higher activity of latissimus
dorsi, serratus anterior, and pectoralis major was found in
patients. No significant differences between patients and MDL
participants were found for the upper and lower trapezius.

Differences in EMG activity between MDL participants and con-
trols did not reach statistical significance.

DISCUSSION

This is the first study to identify differences in both EMG activ-
ity and 3D scapular kinematics during elevation in the scapular
plane between 1) patients with hEDS/HSD and MDI, 2) MDL par-
ticipants, and 3) healthy controls, using SPM. hEDS/HSD patients

Figure 2. A, Mean trajectories with SD clouds for downward/upward rotation in controls (black), multidirectional shoulder laxity (MDL) partici-
pants (red), and hypermobile Ehlers-Danlos syndrome (hEDS)/hypermobility spectrum disorder (HSD) patients (blue); B, Statistical parametric
mapping (SPM) 1-way independent analysis of variance test statistic (SPM[F]). The critical threshold of 5.195 (red broken line) was exceeded at
time 0–24% (P = 0.012) and 65–100% (P = 0.002), indicating a significant group difference; C, Post hoc SPM t-test (SPM[t]) comparing hEDS/
HSD patients with healthy controls. Two suprathreshold clusters exceeded the critical threshold of –3.23 (red broken line) at time 0–25%
(P = 0.005) and 65–100% (P < 0.001); D, Post hoc SPM(t) comparing hEDS/HSD patients with MDL subjects. Two suprathreshold clusters
exceeded the critical threshold of –3.18 (red broken line) at time 0–7.5% (P = 0.04) and 77–100% (P = 0.01).

Figure 1. A, Mean trajectories with SD clouds for anterior/posterior tilt in controls (black), multidirectional shoulder laxity (MDL) participants (red),
and hypermobile Ehlers-Danlos syndrome (hEDS)/hypermobility spectrum disorder (HSD) patients (blue); B, Statistical parametric mapping (SPM)
1-way independent analysis of variance test statistic (SPM[F]). The critical threshold of 5.173 (red broken line) was exceeded at time 40–78%
(P = 0.001), indicating a significant group difference; C, Post hoc SPM t-test (SPM[t]) comparing MDL subjects with hEDS/HSD patients. The crit-
ical threshold of –3.2 (red broken line) was exceeded at time 60–79% (P = 0.02).
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demonstrated significantly less scapular upward rotation com-
pared to both other groups. Additionally, significantly less poste-
rior tilt was seen in hEDS/HSD patients compared to MDL
participants. Finally, significantly higher EMG activity of the infra-
spinatus, middle trapezius, and posterior deltoid was found in
hEDS/HSD patients.

Our finding that hEDS/HSD patients with MDI demonstrate
less scapular upward rotation during elevation in the scapular
plane aligns with other studies investigating MDI patients
(5,12,30). However, while some studies (5,30) have reported a
decreased upward rotation in higher angles of elevation, we
identified less upward rotation in the first half of the ascending
and the final part of the descending phase of elevation. Never-
theless, our finding is in good agreement with the clinical presen-
tation of MDI, characterized by instability symptoms that usually
arise in the mid ranges of motion (31). Less upward rotation
leads to less inclination of the glenoid cavity, which consecu-
tively facilitates caudal translation, or even subluxation, of the
humeral head (32).

Our result of a decreased posterior tilt in hEDS/HSD patients
with MDI deviates from the result of Ogston and Ludewig (5), who
found significantly more posterior tilt in MDI patients, but our result
is in accordance with other studies that have reported a
decreased posterior tilt in patients with impingement (33). We
must emphasize that the difference in posterior tilt in our study
was only present between the MDI and MDL group. As shown in
Figure 1, MDL subjects tend to have more posterior tilt than con-
trols, albeit not significantly. Hypothetically, this tendency toward
more posterior tilt in MDL subjects represents a positive compen-
sation for increased capsuloligamentous laxity, which is lost in
hEDS/HSD patients. While the elevation was painless in controls
and MDL subjects, almost all hEDS/HSD patients reported shoul-
der pain while moving the arm. Therefore, pain or other symptoms
typical for hEDS/HSD, such as fatigue, might play a role. How-
ever, this possibility is a hypothesis only, since we did not examine
the extent to which these symptoms affect scapular kinematics or
EMG activity.

Finally, we could not find significant group differences in
scapular internal/external rotation. This finding deviates from
other studies that have reported an increased internal rotation in
MDI (5,12). These contrasting results may be due to high variabil-
ity in scapular internal/external rotation across subjects (33). Nev-
ertheless, both the reduced upward rotation and the impression
of less posterior tilt argue for the presence of scapular dyskinesis
in hEDS/HSD patients with MDI. Furthermore, mean between-
group differences in upward rotation and posterior tilt are ≥5�.
These differences are unlikely to be due to measurement error
since these are greater than previously reported standard error
of measurement values (34).

Interestingly, no significant differences in scapular kinemat-
ics were found between the MDL and healthy control groups.
By contrast, MDL subjects did significantly differ from MDI

patients with respect to upward rotation and posterior tilt. Since
MDL is an asymptomatic condition while MDI is not, these
results support the hypothesis that scapular dyskinesis in
hEDS/HSD patients may be associated with factors other than
capsuloligamentous laxity. In this view, whether instability
symptoms are the cause or rather the result of abnormal scapu-
lar movement remains unknown (5,35). Therefore, scapular
dyskinesis may also be a reaction to a painful shoulder condi-
tion and may emerge as an antalgic movement pattern (31).
Since the patients in this study experienced a variety of symp-
toms that are all attributed to hEDS/HSD with MDI, identifying
the exact reason for the altered scapular movement is difficult.
Soft tissue fragility, muscle weakness, decreased endurance,
fatigue, and/or chronic pain could all be possible underlying
mechanisms that may elicit or worsen scapular dyskinesis.
These underlying mechanisms should be primarily targeted in
treatment. Nevertheless, we believe that scapular dyskinesis
should also be addressed in the treatment of MDI, since it can
easily aggravate existing symptoms and jeopardize normal
shoulder function (31,35).

The result of increased infraspinatus activity in hEDS/HSD
patients is in accordance with previous MDI research (10,36).
Middle trapezius and posterior deltoid activity was found to be
higher in hEDS/HSD patients as well. Since these muscles con-
tribute to scapulothoracic (37) and glenohumeral stabilization
(11), these results reinforce the hypothesis of an increased need
for dynamic stabilization in patients with MDI (36).

Notably, mean between-group differences of infraspinatus,
middle trapezius, and posterior deltoid activity are ≥10% of MVIC.
These differences are likely to represent true differences, since
they are greater than previously reported standard error of mea-
surement values (38) and the previous reported cutoff (10%) in
terms of muscle strengthening purposes (39).

Since no differences in EMG activity were found between
MDL subjects and controls, we believe the following reasons
might account for the increased muscle activity in hEDS/HSD
patients with MDI. First, fear of injury, fatigue, and pain are identi-
fied as commonly reported barriers for hEDS patients to exercise
(40). Possibly, hEDS/HSD patients experience apprehensive
muscle tension because they are afraid of moving the unstable
shoulder. Since MDL subjects did not experience shoulder pain
during elevation, there was possibly no need for apprehension to
occur. Second, both hEDS and HSD are known to be associated
with muscle weakness and decreased muscle endurance (8,14).
We hypothesize that the increased EMG amplitudes could also
be a result of a compensatory mechanism in which muscle fibers
attempt to maximize their force output, albeit unsuccessful due
to the increased compliance of the tendons and disturbed com-
position of the extracellular matrix, which makes transmitting the
force generated by the muscle difficult (13). Thus, the increased
EMG amplitudes could by clarified by an additional motor unit
recruitment and an increased firing frequency, both potential
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strategies to overcome muscle weakness (41,42). Further
research is necessary to confirm or refute these hypotheses.

Whereas Morris et al (3) stated that in MDL subjects, a mus-
cular compensatory strategy is present that fails in subjects with
MDI, we could not support this theory. In contrast, we hypothe-
size that hEDS/HSD patients with MDI are much more in need of
a muscular compensatory strategy than subjects with MDL. How-
ever, in the study of Morris et al, none of the MDI subjects had
hEDS or HSD. Therefore, comparison is difficult.

This study has several strengths. First, SPM allowed us to
detect statistically significant differences over the entire elevation
movement. Second, this research provided groundwork in inves-
tigating both scapular kinematics as well as EMG muscle activity
in patients with hEDS/HSD and MDI.

Nevertheless, our findings should be interpreted in the light of
the study limitations. First, since maximal muscle activation can
cause discomfort and overestimation of muscle strength (21),
caution is recommended when normalizing to an MVIC in patients
with shoulder pain. To avoid overestimation of the percentage of
muscle activation, MVIC tests should happen in a pain-free or
reduced-pain condition (21). Despite our effort of using alternative
MVICs, creating a pain-free condition was not always possible.
However, we observed that in hEDS/HSD patients, baseline pain
ratings (mean VAS baseline = 1.4) did not increase considerably
during the MVIC (mean VAS during MVICs = 2.2), since the mean
difference is smaller than the minimal detectable change for pain
(34). We therefore presume that differences in normalized EMG
activity between MDI patients and MDL/controls are not related
to pain-related underperformance of the patients during the MVIC
procedure. However, normalized EMG should still be interpreted
with caution in patients with shoulder pain.

Second, MDL subjects were significantly younger than con-
trols and hEDS/HSD patients. However, as joint laxity reduces
with increasing age (43), the age of the MDL group may be repre-
sentative for the study population. Third, only patients who were
able to elevate their arm up to 120� without luxation or subluxation
were included. This limitation could induce a selection bias toward
patients at the better end of the hypermobility spectrum. There-
fore, we should be careful with generalizing our results to all MDI
patients. Fourth, hEDS and HSD patients were seen as 1 group,
since musculoskeletal manifestations of hEDS and HSD largely
overlap (6). However, this grouping may have led to a substantial
within-group heterogeneity. Future research could implement
cluster analysis, preferrably in a large patient cohort, to unravel
whether subgroups exist within the hEDS/HSD population, exhi-
biting different muscle patterns that lead to insufficient scapular
upward rotation.

In conclusion, hEDS/HSD patients with MDI demonstrate
altered scapular kinematics and EMG muscle activity. These find-
ings extend previous research and could serve as a stepping
stone for developing treatment strategies in patients whose con-
ditions belong to the hypermobility spectrum.
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Altered Multisegment Ankle and Foot Kinematics During
Gait in Patients With Hypermobile Ehlers-Danlos Syndrome/
Hypermobility Spectrum Disorder: A Case–Control Study

Stefan Vermeulen,1 Sophie De Mits,2 Roel De Ridder,1 Patrick Calders,1 Joris De Schepper,3 Fransiska Malfait,4

and Lies Rombaut4

Objective. Ankle-foot problems have a considerable impact on daily functioning in patients with hypermobile
Ehlers-Danlos syndrome and hypermobility spectrum disorder (hEDS/HSD). Therefore, the objective of this study
was to identify alterations in multisegment ankle and foot kinematics during gait and to assess foot function and pain
in these patients.

Methods. Twenty-three women with hEDS/HSD and 23 healthy controls participated in this 3-dimensional gait
analysis. Multisegment ankle and foot kinematics were collected using the Ghent Foot Model and analyzed with Statis-
tical Parametric Mapping. Foot function and pain were assessed using visual analog scale scores, the Margolis Pain
Diagram, and the Foot Function Index.

Results. Levels of pain and foot dysfunction were significantly higher in subjects with hEDS/HSD (P < 0.001). Kine-
matic curve analyses provide evidence for a hypermobile first ray, represented by a significantly increased eversion
position of the medial forefoot during stance phase (P < 0.001) in subjects with hEDS/HSD compared to controls. In
addition, significantly more dorsiflexion was found in the medial and lateral forefoot and the rearfoot (P < 0.001). At
the midfoot, an increased plantar flexion (P < 0.001) and at the level of the hallux a decreased dorsiflexion (P = 0.037)
and increased inversion (P < 0.001) and abduction (P = 0.016) were found in subjects with hEDS/HSD.

Conclusion. This study is the first to apply a multisegment foot model during gait in hEDS/HSD, which confirms the
characteristic hypermobility throughout the foot, especially the hypermobile first ray.

INTRODUCTION

Ehlers-Danlos syndrome (EDS) comprises a heterogeneous

group of hereditary connective tissue disorders caused by differ-

ent defects in an array of genes with diverse biologic functions

linked to collagen biosynthesis, assembly, and organization.

EDS is characterized by skin hyperextensibility and fragility, joint

hypermobility, and generalized connective tissue fragility (1). The

latest EDS classification recognizes 13 distinct EDS types caused

by defects in 19 different genes (1). However, the genetic basis of

hypermobile EDS (hEDS), which is the most common type, is still

unknown (1). Consequently, hEDS remains a clinically established

diagnosis based on a combination of criteria, i.e., generalized joint

hypermobility, multiple signs of extraarticular soft tissue fragility,

positive family history, recurrent joint luxations or subluxations or

joint instability, and musculoskeletal pain (1). Patients who do

not fulfill the criteria for hEDS in the new EDS nosology, which is

more stringent than the previous Villefranche nosology, are now

labeled as having hypermobility spectrum disorder (HSD) (2).
In addition to generalized joint hypermobility and recurrent

joint dislocations, patients with hEDS/HSD present with multiple

other musculoskeletal symptoms and problems. Many of the

musculoskeletal complaints are located in the lower extremity,

among which foot and ankle pain and ankle distortions are highly

present (3). On a structural level, patients with hEDS/HSD seem to

exhibit more foot anomalies, such as hallux valgus, claw toes, and

pes planus (4–6). By contrast, pes cavus has also been reported

(7). These foot alterations are part of a multifactorial process in

which lower-limb joint hypermobility, lower-limb pain, lower-limb

muscle weakness (8), and fear of falling (9,10) likely interact with
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each other. Moreover, patients with hEDS/HSD reported walking

and bending as the activity of daily life with the greatest physical

impairment (11). Since the foot acts as the only point of contact

during walking, investigating foot and ankle gait kinematics seems

essential to better understand ankle and foot pain and disfunction

in this population.
Until now, several studies have investigated gait in patients

with hEDS/HSD (9,10,12–16). Patients have been shown to
walk with a reduced gait velocity, step length, and/or stride
length (9,10,12,13,15,16). In addition, hEDS individuals show
altered kinematics of the pelvis, hip, knee, and ankle during
the different phases of gait (9,12,13,14,16). However, for the
latter, current findings are limited to the foot modeled as 1 single
rigid segment, oversimplifying the complexity of the ankle-foot
complex or even contradicting true ankle joint kinematics (17).
Foot kinematics in patients with hEDS/HSD remain poorly
understood due to the 1-segment approach, whereas the use
of multisegment foot models, acknowledging the functional
entities within the foot, are emerging in other patient popula-
tions, e.g., with psoriatic arthritis (18). Moreover, during 50%
of stance phase (terminal stance and pre-swing), the rearfoot
is not in contact with the ground anymore, emphasizing the impor-
tance of the forefoot in gait biomechanics (19). Consequently, there
is a need to obtain a better insight into the biomechanics of the
ankle-foot complex of hEDS/HSD in order to develop evidence-
based therapy guidelines for this patient group.

Therefore, the main objective of this study was to explore the
3-dimensional (3D) foot and ankle kinematics of hEDS/HSD patients
in comparisonwith healthy controls using the 6-segment Ghent Foot
Model. The secondary objective was to evaluate foot function and
foot pain in these patients.

PATIENTS AND METHODS

Patients. This study protocol was reviewed and
approved by the Ethical Committee of Ghent University

Hospital, and written, informed consent was obtained from
all participants. As >90% of the hEDS/HSD patients are
female (20), the study included only women. After a routine
visit at the Center for Medical Genetics at the Ghent University
Hospital, consecutive patients who fulfilled the inclusion cri-
teria for the study were informed verbally and in written form
and invited to participate in the study. Patient selection was
performed on the basis of Villefranche criteria for EDS hyper-
mobility type (at that time abbreviated as EDS-HT) because
recruitment started prior to publication of the latest EDS
nosology. Afterward, during a routine follow-up, all patients
have been relabeled according to the current 2017 EDS cri-
teria into hEDS/HSD (by clinical geneticist FM). After all
patients participated, healthy volunteers were recruited by
oral inquiry. Since hypermobility decreases with age, is more
prevalent in women, and differs between ethnic groups, the
control subjects were individually matched for sex, age, and
ethnicity. Only controls with no foot complaints, injuries to
the lower limbs, or generalized joint hypermobility by the
Beighton scale were included. The Beighton scale consists
of 4 bilateral tests, i.e., elbow hyperextension >10�, knee
hyperextension >10�, first finger opposition, fifth finger exten-
sion >90�, and forward bending with hands flat on the floor. A
score of ≥5 of 9 indicates the presence of generalized joint
hypermobility (21). Surgery of the lower limb or trunk, a sys-
temic disease with potential impact on feet and/or gait pattern
(e.g., diabetes mellitus or rheumatic disorders) and preg-
nancy or delivery in the last year were exclusion criteria for all
subjects. In addition, patients were excluded if they had an
injury to the lower limb (currently or in the past 6 months) or
if they were not able to walk barefoot and without a walking
device for 5 meters. Since this is the first study that examines
multisegment ankle and foot kinematics, no sample size cal-
culation could be performed.

Procedure. Each participant was individually evaluated
using a standardized protocol. First, subject characteristics
including age, height, and weight were collected. Then, the
Margolis Pain Diagram and the Foot Function Index (FFI) were
completed, followed by the 3D gait analysis. Visual analog
scale (VAS) scores were gathered both before and after gait
analysis.

The Margolis Pain Diagram objectifies foot function and
pain. Subjects have to shade on 2 body outlines (front and
back) the body parts where they felt pain lasting for >24 hours
in the past 4 weeks. A weighted final score reflects the total
percentage of body surface shaded as painful (22). Foot and
lower-limb pain intensity were assessed just before and after
gait analysis by VAS scores, where 0 = no pain and 10 =
unbearable pain. The FFI was used to measure foot pain, dis-
ability, and functional limitations due to foot pathology (23). This
foot-specific questionnaire consists of 23 items (range 0–100),

SIGNIFICANCE & INNOVATIONS
• This study is the first to use a multisegment foot

model to provide better insight into the foot kine-
matics of the different parts of the foot in patients
with hypermobile Ehlers-Danlos syndrome and
hypermobility spectrum disorder (hEDS/HSD).

• This study demonstrates that hypermobility is
observed in the smaller parts of the foot, specifically
the first ray, influencing motion pattern of different
foot segments during gait in hEDS/HSD.

• Since the multisegment foot model demonstrated
hypermobility throughout the whole foot, therapy
such as custom-made foot orthoses can be more
specifically targeted based on the current findings
in the fore- and midfoot.
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with higher values corresponding to greater pain, disability, and
activity limitation.

For the kinematic gait analysis, all participants walked bare-
foot at a self-selected comfortable walking speed over a
12-meter long instrumented walkway. Kinematic data were col-
lected with an 8-camera optoelectronic system (Oqus 3, Qualysis)
at 500 Hz, and a force plate (Accugait, AMTI, 1,000 Hz) was
embedded in the walkway for stance phase event detection. The
marker configuration for the multisegment foot model was in
accordance with the Ghent Foot Model (24). This 6-segment foot
model is defined by the shank, rearfoot, midfoot, medial forefoot,
lateral forefoot, and the hallux. During the gait measurements, a
midgait protocol was used. Participants were first allowed to
familiarize themselves with the test procedure by performing a
few practice trials, followed by the actual measurements. Trials
were discarded if 2 feet touched the force plate, or if subjects
were seen to show an adaptation in stride length in an attempt
to target the force plate.

Data analysis and statistical analysis. Kinematic and
kinetic data were processed in Qualisys (Qualisys Track Manager)
and subsequently in Visual 3D (version 5, C-motion) software.
Marker data were filtered using a fourth order Butterworth low-
pass filter at 10 Hz. Euler rotations (X-Y-Z, representing respec-
tively dorsi/plantar flexion [sagittal plane], eversion/inversion

[frontal plane] and ab-/adduction [transverse plane]) were used
to calculate 3D multisegment foot joint kinematics. Stance phase
was determined using the vertical component of the ground reac-
tion force with a threshold set at 10 N. Afterward, each point in the
time series was normalized to 100%, and for each individual an
average joint curve, combining 3 trials of the left and right foot,
was exported for curve analysis.

The analysis of anthropometric data and foot function and
pain was performed using IBM SPSS statistics, version 26. Nor-
mality was checked with the Shapiro-Wilk test and corresponding
normality plots. Independent t-tests were used to compare
anthropometrics, pain scores, and the FFI total and domain
scores between patients with hEDS/HSD and healthy controls.
Statistical Parametric Mapping (SPM) was used to compare ankle
and foot kinematics during the entire stance phase of walking
between the patients and controls. SPMwas performed in Matlab
(version 2019a) using a 2-tailed 2-sample t-test. SPM allows the
calculation of the traditional t statistics over the entire normalized
time-series, which is commonly used in biomechanical literature
(25). Overall, the level of significance was set at α = 0.05.

RESULTS

Subjects, anthropometrics, foot function, and pain.
A total of 24 patients performed the gait analysis. One subject’s

Table 1. Foot function scores and pain scores*

hEDS/HSD Control P†

FFI
Total 38.8 � 16.44 10.1 � 1.08 <0.001
Pain 44.7 � 18.45 10.0 � 2.33 <0.001
Physical disability 41.7 � 20.98 10.2 � 0.72 <0.001
Activity limitation 22.9 � 14.51 10.0 � 0.00 <0.001

VAS pre
Lower limb 1.9 � 2.11 0.0 � 0.00 <0.001
Foot 3.5 � 2.55 0.0 � 0.00 <0.001

VAS post
Lower limb 3.1 � 2.69 0.0 � 0.21 <0.001
Foot 5.0 � 2.86 0.1 � 0.52 <0.001

* Values are the mean � SD unless indicated otherwise. hEDS = hypermobile Ehlers-Danlos syn-
drome; HSD = hypermobility spectrum disorder; FFI = Foot Function Index; VAS = visual analog
scale for pain.
† All P values are significant.

Figure 1. Kinematic between-group comparison of the rigid foot in the sagittal, frontal, and transverse plane during the stance phase of walking.
Kinematic trajectories are presented as mean and SD clouds (solid line = hypermobile Ehlers-Danlos syndrome and hypermobility spectrum dis-
order; broken line = control). The gray area indicates those time frames of the kinematic curve that are significantly different between study groups.
DF = dorsiflexion; EV = eversion; EXT ROT = external rotation; INT ROT = internal rotation; INV = inversion; PF = plantar flexion.
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data could not be used due to technical issues. Twenty-three
patients (mean � SD age 41 � 11.0 years) and 23 healthy con-
trol subjects (age 41 � 11.5 years) were analyzed. Of the patients,
16 are currently reclassified according to the 2017 EDS criteria as
having HSD, and 7 retained the diagnosis of hEDS. For readability,
the patient group is referred to as hEDS/HSD in this article. The data
fulfilled the assumptions of normal distribution. No significant
between-group differences (P > 0.05) were found for anthropomet-
ric properties between the hEDS/HSD group (mean � SD weight
72.1 � 19.27 kg; height 165 � 9.0 cm; body mass index [BMI]
26.4 � 6.69 kg/m2) and the healthy control group (weight
66.4 � 10.80 kg; height 166 � 5.4 cm; BMI 24.1 � 3.57 kg/m2).

The Margolis Pain Diagram revealed a significantly higher

mean body percentage of pain in the hEDS/HSD group

(37.46%) when compared to the control group (1.02%)

(P < 0.001). Furthermore, 91.30% of the patients reported pain

at the lower extremity, with 73.91% at the shank, 69.57% at the

foot, and 60.87% at the ankle joint. VAS scores for pain at the

lower limb and foot showed significant between-group differ-

ences, with higher values in the hEDS/HSD group, both just

before and after 3D gait analysis (P < 0.001) (Table 1). No within-

group differences were found when pain VAS scores were com-

pared before and after testing (P > 0.05). Furthermore, patients

with hEDS/HSD demonstrated significantly higher total and

domain scores for the FFI, indicating more pain, physical disabil-

ity, and activity limitation due to foot pathology (P < 0.001)

(Table 1).

Ankle and foot kinematics. The data fulfilled the
assumptions of normal distribution. Ankle and foot kinematics
during stance phase are presented as joint angles (degrees) for
each of the 3 motion planes. Dorsiflexion in the sagittal plane,
eversion in the frontal plane, and external rotation/abduction in
the transverse plane are represented as positive values. We refer
to Supplementary Figures 1 and 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24526/abstract, for the detailed SPM results of the single-
segment and multisegment ankle and foot kinematics.

Single-segment kinematics. Kinematics of the foot as a
single, rigid segment revealed a significantly increased eversion,
from 16% to 84% (P < 0.001) of stance phase in patients with
hEDS/HSD, when compared to healthy controls. No significant
differences were found for kinematics in the sagittal and trans-
verse plane between the patient and control group (Figure 1).

Multisegment kinematics. Patients with hEDS/HSD walked
with a significantly increased dorsiflexion of the rearfoot (P < 0.001)
during whole-stance phase when compared to healthy controls.
Significantly increased inversion occurred from 0% to 3%
(P = 0.049), 73% to 84% (P = 0.044), and 90% to 100%
(P = 0.046) of stance phase for the hEDS/HSD-group. No significant
differences were found for kinematics in the transverse plane
between the patient and control group (Figure 2).

Kinematics of the midfoot demonstrated a significantly
increased plantar flexed position (P < 0.001) in the hEDS/HSD-
group in contrast to healthy controls during whole-stance phase.

Figure 2. Kinematic between-group comparison of the rearfoot in the sagittal, frontal, and transverse plane during the stance phase of walking.
Kinematic trajectories are presented as mean and SD clouds (solid line = hypermobile Ehlers-Danlos syndrome and hypermobility spectrum dis-
order; broken line = control). The gray area indicates those time frames of the kinematic curve that are significantly different between study groups.
DF = dorsiflexion; EV = eversion; EXT ROT = external rotation; INT ROT = internal rotation; INV = inversion; PF = plantar flexion.

Figure 3. Kinematic between-group comparison of the midfoot in the sagittal, frontal, and transverse plane during the stance phase of walking.
Kinematic trajectories are presented as mean and SD clouds (solid line = hypermobile Ehlers-Danlos syndrome and hypermobility spectrum dis-
order; broken line = control). The gray area indicates those time frames of the kinematic curve that are significantly different between study groups.
ABD = abduction; ADD = adduction; DF = dorsiflexion; EV = eversion; INV = inversion; PF = plantar flexion.
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No significant between-group differences were found in the fron-
tal plane. Abduction was significantly increased (P < 0.001) dur-
ing whole-stance phase for the patient group (Figure 3).

Significantly increased dorsiflexion (P < 0.001) at the lat-
eral forefoot was shown in the hEDS/HSD-group during
whole-stance phase when compared to healthy controls. No
significant differences were found for frontal and transverse
plane kinematics between the patient and control group (see
Supplementary Figure 2, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24526/abstract).

Kinematics of the medial forefoot of patients with hEDS/HSD
demonstrated significantly increased dorsiflexion (P < 0.001) dur-
ing whole-stance phase when compared to healthy controls. Sig-
nificantly increased eversion occurred from 0% to 84%
(P < 0.001) and 94% to 99% (P = 0.046) of stance phase for the
hEDS/HSD-group. Significantly decreased abduction was shown
from 95% to 100% (P = 0.049) of stance phase for the patient
group (Figure 4).

Patients with hEDS/HSD walked with a significantly
decreased dorsiflexion of the hallux from 44% to 53%
(P = 0.037) of stance phase when compared to healthy controls.
Significantly increased inversion occurred from 0% to 4%
(P = 0.047) and 6% to 65% (P < 0.001) of stance phase for the
hEDS/HSD-group. Finally, there was a significantly increased
abduction from 0% to 20% (P = 0.016) of stance phase for the
patient group (Figure 5).

DISCUSSION

This study is the first to apply a multisegment foot model
during gait to provide a better insight into the kinematics of the

ankle-foot complex associated with hEDS/HSD. The results of

the multisegment foot model suggesting hypermobility through-

out the foot and the reported foot and ankle pain likely play an

important role in the altered gait kinematics in patients with

hEDS/HSD. First, we will reflect on the actual findings based on

the multisegment foot model and subsequently emphasize the

added value when compared to single-segment foot models.
Our multisegment foot model findings suggest that the char-

acteristic hypermobility in patients with hEDS/HSD during gait is

reflected in the first ray, represented by the medial forefoot. This

first ray plays a key function in normal gait, alternating between a

mobile adaptor and rigid lever. To comply with the function of a

rigid lever, the medial forefoot everts during the mid and late

stance toward a locked position (26). Hypermobility of the first

ray, however, due to ligamentous laxity, is said to be related to

an excessive eversion and has been associated with lower-

extremity injuries (27). An increased eversion, a delay in the time-

to-peak eversion or an extended duration of the eversion may

signify a postponed locking mechanism, compromising an effec-

tive rigid lever during push off (28). Our study results confirm that

subjects with hEDS/HSD display an increased everted position

of the medial forefoot throughout stance phase. This dysfunc-

tional locking mechanism is also represented by the increased

Figure 4. Kinematic between-group comparison of the medial forefoot in the sagittal, frontal, and transverse plane during the stance phase of
walking. Kinematic trajectories are presented as mean and SD clouds (solid line = hypermobile Ehlers-Danlos syndrome and hypermobility spec-
trum disorder; broken line = control). The gray area indicates those time frames of the kinematic curve that are significantly different between study
groups. ABD = abduction; ADD = adduction; DF = dorsiflexion; EV = eversion; INV = inversion; PF = plantar flexion.

Figure 5. Kinematic between-group comparison of the hallux in the sagittal, frontal, and transverse plane during the stance phase of walking.
Kinematic trajectories are presented as mean and SD clouds (solid line = hypermobile Ehlers-Danlos syndrome and hypermobility spectrum dis-
order; broken line = control). The gray area indicates those time frames of the kinematic curve that are significantly different between study groups.
ABD = abduction; ADD = adduction; DF = dorsiflexion; EV = eversion; INV = inversion; PF = plantar flexion.
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dorsiflexion mobility of the medial forefoot in subjects with hEDS/
HSD compared to healthy controls. These altered push-off
mechanics might increase metabolic costs during gait, potentially
overloading the calf muscles (29). Because subjects with hEDS/
HSD have a smaller cross-sectional area of the calf muscles com-
pared to healthy subjects already, this mechanism probably con-
tributes to accelerated fatigue, another key feature within this
patient group (30).

Furthermore, our results suggest that the hypermobile first
ray might influence the whole foot, where toward the proximal
direction of the foot, the more dorsiflexed medial and lateral fore-
foot is compensated by an increased plantar flexion of the midfoot
and in its turn by a more dorsiflexed position of the rearfoot seg-
ment. Toward the distal direction of the foot, the hallux demon-
strates less dorsiflexion, more inversion, and more abduction in
the hEDS/HSD group, being a counter rotation for the medial
forefoot segment (the hypermobile first ray). We hypothesized that
this possibility occurs to keep the hallux to the floor to maximize
the stability of the hypermobile foot. Additionally, these deviating
kinematics of the hallux could also be linked to the development
of a hallux valgus, which is highly prevalent within hEDS/HSD
patients (4–6).

As mentioned, the use of ankle joint kinematics computed
with a single-segment foot model is subject to caution. Previous
research has demonstrated opposite results for ankle joint kine-
matics for inversion and eversion during gait when measured with
a single- or a multisegment model (17). Similar results were found
in our study with a significantly more everted ankle position in sub-
jects with hEDS/HSD compared to controls during midstance
using the single-segment model, whereas a more inverted rear-
foot position was noted throughout stance phase using a multi-
segment foot model. This is due to the fact that mid- and
forefoot kinematics are ignored in the single-segment model and
the resulting movement, including the mid- and forefoot, is only
attributed to the ankle joint. This again emphasizes the impor-
tance of using multisegment foot models.

When comparing our single-segment foot results to the ones
described in a previous study in subjects with hEDS/HSD (12),
sagittal plane results differ. Those authors have identified a more
plantar flexed position at initial contact and a reduced dorsiflexion
during stance phase, whereas our single-segment model did not
identify sagittal plane differences. A possible explanation might
be the methodologic difference in marker setting to define the foot
segment, as those authors only put markers on the lateral side of
the foot (12), ignoring the influence and/or contribution by the
medial part of the foot on kinematics. Furthermore, there is again
a discrepancy between our single-segment and our multisegment
model results in the sagittal plane. Although no significant differ-
ences were found in our single-segment foot results, a more dor-
siflexed rearfoot position was observed throughout stance phase.
This finding could be part of the hypermobile mechanism as pre-
sented above.

The second purpose of this case–control study was to evalu-
ate foot function and pain. In line with other reports (31,32), our
results show, by means of the Margolis Pain Diagram, that
hEDS/HSD patients have generalized pain. Approximately two-
thirds of the patients showed significant foot/ankle pain, which,
together with foot hypermobility, likely plays an important role in
the altered gait kinematics demonstrated in this study. However,
other factors such as fatigue, muscle weakness, altered muscle
activation, proprioception deficit, and kinesiophobia in hEDS/
HSD could also impact kinematics (8,15,33–35). Furthermore,
disability related to foot pain and activity limitations due to foot
pathology were highly reported by our patients by means of the
FFI. This finding is in accordance with the results of a recent study
(36) and is in line with reports of difficulties with mobility due to foot
problems in hEDS/HSD (11,37). Moreover, foot pain and other
foot problems are reported to make daily life problematic to man-
age for individuals with hEDS/HSD. Untreated foot hypermobility
and foot pain can be disabling and can result in significant difficul-
ties for the patient and clinicians (7).

From a clinical perspective, precise and quantitative charac-
terization of foot kinematics during gait in hEDS/HSD as per-
formed in this study is important to be able to identify, develop,
and enhance the rehabilitative options. An observational study
showed that the use of custom-made foot orthoses for 3 months
improved foot pain, disability related to foot pain, and foot func-
tionality in patients with EDS (36). Weight-bearing phenolic foam
molds of the feet were obtained to create custom-made foot
orthoses adjusted from heel to just proximal to the metatarsal
heads. Although we agree that custom-made foot orthoses are
important, we suggest on the basis of the multisegment kinematic
results of our study that custom-made foot orthoses for patients
with EDS and HSD should be designed for the entire foot, inclu-
sive of the forefoot and midfoot, and should not be limited to the
rearfoot.

This study has certain limitations. First, a possible bias of the
study is the relatively small sample size, resulting in limited
strength of these findings. However, this gap may not have
affected the statistical power, as multiple statistically significant
findings were demonstrated. Second, this is a first exploratory
study with the focus on ankle-foot kinematics during gait in
hEDS/HSD. More research is necessary to further elucidate the
underlying multisegment foot and ankle hypermobility and its
potential impact on wider spatiotemporal, kinematic, and kinetic
lower-limb parameters. Electromyographic evaluations can be a
valuable additive to extract muscle activation patterns during
walking. Third, all subjects walked barefoot. Further research
could investigate the influence of shoes and custom-made func-
tional foot orthotics on gait parameters in HSD, hEDS, and other
types of EDS.

In conclusion, this study is, to the best of the authors’ knowl-
edge, the first one to use a multisegment foot model to provide
better insight in the kinematics of the different parts of the foot in
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hEDS/HSD. The hypermobility is also reflected in the different
smaller parts of the foot, influencing the motion pattern of the dif-
ferent segments during gait. The validity of a single-segment foot
model is of concern when describing foot kinematics. More
in-depth studies are needed to better understand all the mecha-
nisms involved within the kinematics between the different foot
segments.
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Developing and Validating Methods to Assemble Systemic
Lupus Erythematosus Births in the Electronic Health Record

April Barnado,1 Amanda M. Eudy,2 Ashley Blaske,1 Lee Wheless,1 Katie Kirchoff,3 Jim C. Oates,3

and Megan E. B. Clowse2

Objective. Electronic health records (EHRs) represent powerful tools to study rare diseases. Our objective was to
develop and validate EHR algorithms to identify systemic lupus erythematosus (SLE) births across centers.

Methods. We developed algorithms in a training set using an EHR with over 3 million subjects and validated the
algorithms at 2 other centers. Subjects at all 3 centers were selected using ≥1 code for SLE International Classification
of Diseases, Ninth Revision (ICD-9) or SLE International Statistical Classification of Diseases and Related Health Prob-
lems, Tenth Revision, Clinical Modification (ICD-10-CM) and ≥1 ICD-9 or ICD-10-CM delivery code. A subject was a
case if diagnosed with SLE by a rheumatologist and had a birth documented. We tested algorithms using SLE ICD-9
or ICD-10-CM codes, antimalarial use, a positive antinuclear antibody ≥1:160, and ever checked double-stranded
DNA or complement, using both rule-based and machine learning methods. Positive predictive values (PPVs) and sen-
sitivities were calculated. We assessed the impact of case definition, coding provider, and subject race on algorithm
performance.

Results. Algorithms performed similarly across all 3 centers. Increasing the number of SLE codes, adding clinical
data, and having a rheumatologist use the SLE code all increased the likelihood of identifying true SLE patients. All
the algorithms had higher PPVs in African American versus White SLE births. Using machine learning methods, the
total number of SLE codes and an SLE code from a rheumatologist were the most important variables in the model
for SLE case status.

Conclusion. We developed and validated algorithms that use multiple types of data to identify SLE births in the
EHR. Algorithms performed better in African American mothers than in White mothers.

INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune dis-

ease that primarily affects women of childbearing age. Studying

pregnancy outcomes in SLE is difficult given its relative rarity.

SLE pregnancy studies are typically limited to a single-center

cohort (1,2) that may not reflect real-world pregnancy outcomes.

Population-based studies have investigated SLE pregnancies,

but mainly in European populations (3–5).
Electronic health records (EHRs) contain rich, longitudinal

data and serve as a powerful research tool (6). To harness the

power of EHR data, validated methods are needed to identify

subjects accurately. Using billing codes alone does not accurately

identify SLE patients in the EHR (7,8). Adding clinical data to billing

codes (8) and using noncoded data (9) improves the accuracy of

identifying SLE patients in the EHR. These methods did not focus

on identifying SLE births. There is a paucity of EHR studies in SLE

pregnancy outcomes, with only 1 study using delivery data from

multiple EHRs (10). That study used a 1-time SLE International

Classification of Diseases, Ninth Revision (ICD-9) billing code at

delivery or discharge to identify SLE births and did not conduct

chart review to confirm SLE case status. Building upon our prior

SLE algorithms that incorporate clinical data with billing codes,

we incorporated ICD-9 or International Statistical Classification
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of Diseases and Related Health Problems, Tenth Revision, Clinical

Modification (ICD-10-CM) codes to identify SLE deliveries in the

EHR. We also validated algorithms at multiple centers and investi-

gated the impact of patient and provider factors on algorithm per-

formance and portability. We then applied these algorithms to

assemble a large, multicenter EHR cohort of SLE deliveries at

3 tertiary care centers in the Southeastern US.

PATIENTS AND METHODS

Patient selection. This study was approved by the institu-
tional review board for each center. Due to center differences in
how EHR data are stored and accessed, the methods for identify-
ing SLE deliveries were slightly different, as described below. An

overview of our approach is illustrated in Figure 1. Vanderbilt Uni-
versity Medical Center (VUMC) served as a training set. Duke Uni-
versity Medical Center (DUMC) and Medical University of South
Carolina (MUSC) served as external validation sets. Chart review
rules were consistent across all 3 centers. A subject was defined
as a case if diagnosed with SLE by a rheumatologist and had a
delivery documented at the institution after SLE diagnosis.
Remaining subjects were classified as not a case, probable case,
or missing. Subjects with cutaneous or drug-induced lupus or
other autoimmune diseases were counted as not cases. Subjects
who were given an SLE diagnosis by a nonrheumatology provider
were counted as not cases. Probable cases were subjects who
had a probable SLE diagnosis by a rheumatologist or who were
labeled as having undifferentiated connective tissue disease or
mixed connective disease by a rheumatologist. Probable subjects
were counted as not cases in the primary analysis. Missing sub-
jects who had no clinical documentation to determine case status
were excluded. Delivery status was assessed on chart review at
all 3 centers.

VUMC. We used a deidentified version of VUMC’s EHR
called the Synthetic Derivative (6), which contains over 3.2 million
subjects. We searched for potential SLE deliveries restricting to
female subjects between ages 12 to 65 years using ≥1 count of
the SLE ICD-9 code (710.0) or SLE ICD-10-CM codes (M32.1*,
M32.8, M32.9) and ≥1 ICD-9 or ICD-10-CM code for delivery-
related diagnoses. The ICD-9 delivery codes have been validated
with positive predictive values (PPVs) >90% (11) and have been
used to assess pregnancy outcomes in other chronic diseases
(12,13) (see Supplementary Table 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24522/abstract). Of these potential SLE cases, we
randomly selected 100 for chart review to identify case status

Figure 1. Training and validation sets. A, Training set formed at Vanderbilt University Medical Center starting with the Synthetic Derivative, a
deidentified electronic health record, and applying ≥1 systemic lupus erythematosus (SLE) and delivery International Classification of Diseases,
Ninth Revision (ICD-9) or International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Clinical Modification
(ICD-10-CM) code to female subjects, resulting in 433 potential SLE subjects with deliveries. B, Validation set created at Duke University Medical
Center by applying ≥1 SLE and ≥1 delivery ICD-9 or ICD-10-CM code to females subjects in a deidentified electronic health record called
DEDUCE, resulting in 560 potential SLE subjects (for full list of exclusions, see Supplementary Table 2, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24522/abstract). C, Validation set created at Medical University of South Carolina
(MUSC) by applying ≥1 SLE ICD-9 or ICD-10-CM code while restricting to female subjects in the Enterprise Data Warehouse, resulting in 3,715
subjects.

SIGNIFICANCE & INNOVATIONS
• To the best of our knowledge, we are the first to

assemble an electronic health record (EHR)–based
systemic lupus erythematosus (SLE) cohort and
SLE birth cohort across multiple centers in the US.

• We developed, validated, and successfully deployed
EHR-based algorithms to identify a subset of
patients with a rare disease across multiple centers.

• We demonstrated key factors of clinical data, case
definition, coding provider, and subject race that
impact EHR algorithm performance and portability.

• We employed both traditional, rule-based algo-
rithm methods as well as machine learning tech-
niques, including extreme gradient boosting.

• The performance of the SLE delivery algorithms var-
ied by race, with higher positive predictive values in
African American mothers compared to White
mothers.
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and to serve as a training set for algorithm development
(Figure 1A).

DUMC. At DUMC, potential patients with ≥1 SLE ICD-9 or
ICD-10-CM code and ≥1 ICD-9 or ICD-10-CM delivery code
restricting to female subjects between ages 12 to 65 years were
selected from the Duke Enterprise Data Unified Content Explorer
(DEDUCE) data set (Figure 1B). Of those potential patients, exclu-
sions (i.e., no delivery at Duke or unknown pregnancy outcome)
were applied to facilitate chart review. A full list of exclusions is in
Supplementary Table 2, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24522/
abstract.

MUSC. At MUSC, female patients between ages 12 and
65 years with ≥1 SLE ICD-9 or ICD-10-CM code were selected
from the Enterprise Data Warehouse from 2007 to 2017. As deliv-
ery data are stored in a different data warehouse (Research Data
Warehouse), a second step was performed where subjects were
selected who had ≥1 ICD-9 or ICD-10-CM delivery code and
delivery data available (Figure 1C). Of these potential subjects,
chart review was conducted.

Algorithm development and validation. A priori, we
selected clinically important criteria that would be available in the
EHR. We selected SLE ICD-9 and ICD-10-CM code counts, ever
documented antimalarials, a positive antinuclear antibody (ANA)
≥1:160, and ever checked double-stranded DNA (dsDNA) or
complement (C3 or C4). Occurrences of billing codes represent
distinct days. Antimalarials included were hydroxychloroquine, Pla-
quenil, chloroquine, quinacrine, and Aralen. We tested algorithms
using ≥1, ≥2, ≥3, and ≥4 code counts of the SLE ICD-9 code,
SLE ICD-10-CM codes, or “SLE ICD-9 or SLE ICD-10-CM” codes.
We then combined these codes with the above clinical data using
“and” or “or” for possible algorithms. The PPV was calculated as
the number of subjects who fit the algorithm and were confirmed
cases on chart review, divided by the total number of subjects
who fit the algorithm. Sensitivity was calculated as the number of
subjects who fit the algorithm and were confirmed cases on chart
review, divided by the total number of confirmed cases. To fit the
algorithm, the subject had to have available data for that particular
algorithm’s criteria. If laboratory results were not checked at the
center, they were considered missing. The F score, which is the
harmonic mean of the PPV and sensitivity: (2 × PPV × sensitivity)/
(PPV + sensitivity), was calculated for all algorithms.

Cohort assembly. The algorithm with the highest F score
(≥4 counts of the SLE ICD-9 or ICD-10-CM codes) was applied
across all centers to identify potential deliveries. All the subjects
who fit the algorithm were chart reviewed to determine SLE case
status, defined as SLE diagnosis by a rheumatologist. Only preg-
nancies delivered at the center with available outcomes that

occurred after SLE diagnosis were included. Data were available
for VUMC from 1993 to 2017, DUMC from 2007 to 2018, and
MUSC from 2007 to 2017.

Sensitivity analysis. The primary analysis defined cases
as diagnosed with SLE by a rheumatologist on chart review and
allowed ICD-9 or ICD-10-CM codes to be billed by any provider.
One sensitivity analysis changed the case definition to also include
probable SLE cases. A second sensitivity analysis included only
SLE ICD-9 or ICD-10-CM codes billed by a rheumatology pro-
vider. Additionally, we determined differences in algorithm perfor-
mance by maternal race.

Machine learning methods. In addition to rule-based
algorithms, we used machine learning methods, random forest
and extreme gradient boosting (XGB) for algorithm development.
Random forest builds multiple classification trees (a “forest”)
using a random sample of input variables for each tree (14,15).
The final classification is an average of the forest. XGB is an
ensemble method that is the summation of multiple models where
each successive model attempts to correct errors in the previous
model to improve overall performance. Data across 3 centers
were randomly divided in training sets (80%) and testing sets
(20%). For race-stratified analyses, to increase sample size, train-
ing and testing sets were 70% and 30%, respectively. Models
were constructed using the training set with 5-fold cross valida-
tion, and were tuned using the caret package (16,17). Final model
performance was assessed using the test set. The ranger pack-
age was used for random forest models (18), and the xgboost
package for XGB models using the method = “xgbTree” in the
caret framework (19). We reported algorithms with the highest
PPVs in the test set and identified the most important variables
in the models. Model input variables including the following: the
total number of SLE ICD codes, SLE code from a rheumatologist,
ever antimalarial use, ANA positive, ever checked dsDNA, ever
checked C3, ever checked C4, age, race, SLE duration defined
as the first SLE code to delivery date, EHR duration defined as
the first code for any condition to delivery date, and center. All
analyses were conducted in R software, version 3.5.1.

RESULTS

Description of the training set. An overview of our
approach is illustrated in Figure 1. A training set was created at
VUMC by applying at least 1 SLE and 1 delivery ICD-9 or ICD-
10-CM codes to the Synthetic Derivative, resulting in 433 potential
SLE deliveries. Of the 433, 100 were randomly selected for chart
review. Of these, 40 subjects were SLE cases, with 39 subjects
having a delivery documented after SLE diagnosis. There were
37 subjects who were not SLE cases, 16 with a probable SLE
diagnosis, and 7 with missing clinic notes. Of the 37 subjects
not classified as SLE, 21 had alternative autoimmune diagnoses,
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with the most common being a subject with a positive autoanti-
body (see Supplementary Table 3, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24522/abstract).

Description of the validation sets. A validation set was
created at DUMC by applying at least 1 SLE and 1 delivery
ICD-9 or ICD-10-CM codes to DEDUCE, resulting in 560 potential
SLE deliveries. Of these, 192 had deliveries that occurred after an
SLE diagnosis. On chart review of these 192, 95 were an SLE

case and 36 were probable SLE. Of the remaining subjects,
61 did not have SLE, of which 31 had alternative autoimmune
diagnoses, with the most common being cutaneous lupus (see
Supplementary Table 4, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24522/
abstract).

A second validation set was created at MUSC by applying
at least 1 SLE ICD-9 or ICD-10-CM code and selecting for
female subjects in the EHR. Of these 3,715 potential SLE sub-
jects, subjects with at least 1 delivery ICD-9 or ICD-10-CM code

Table 1. Summary of algorithm performances*

VUMC: training set DUMC: validation set MUSC: validation set

Algorithm PPV Sensitivity F score PPV Sensitivity F score PPV Sensitivity F score

ICD-9 or ICD-10-CM code counts
≥1 56 100 72 50 100 67 51 100 68
≥4 81 95 87 71 88 79 64 84 73

ICD-9 or ICD-10-CM code counts and ever
antimalarial documented

≥1 68 85 76 67 76 71 72 94 82
≥4 83 83 83 76 70 73 74 81 77

ICD-9 or ICD-10-CM code counts and ANA
positive†

≥1 64 76 69 56 96 71 64 91 75
≥4 79 76 77 72 86 78 76 83 79

ICD-9 or ICD-10-CM code counts and ever
laboratory results checked‡

≥1 62 95 75 59 91 72 61 87 72
≥4 84 93 88 74 81 77 68 74 71

Case definition: definite and probable SLE,
ICD-9 or ICD-10-CM code counts

≥1 81 100 90 63 100 77 75 100 86
≥4 91 67 77 78 78 78 90 80 85

Billing code provider: require
rheumatology to use SLE ICD-9 or ICD-
10-CM code counts

≥1 79 78 78 82 81 81 77 54 63
≥4 85 73 79 96 56 71 100 24 39

Maternal race: African American, ICD-9 or
ICD-10-CM code count

≥1 71 100 83 60 100 75 61 100 76
≥4 84 94 89 81 85 83 73 88 80

Maternal race: White, ICD-9 or ICD-10-CM
code count

≥1 48 100 65 33 100 50 34 100 51
≥4 69 90 78 88 55 68 41 70 52

Maternal race: African American, ICD-9 or
ICD-10-CM code count, require
rheumatology to use codes

≥1 93 76 84 88 76 82 80 67 73
≥4 92 71 80 97 51 67 100 33 50

Maternal race: White, ICD-9 or ICD-10-CM
code count, require rheumatology to
use codes

≥1 68 75 71 71 83 77 60 30 40
≥4 82 70 76 93 54 68 100 10 18

* Values are the percentage. Systemic lupus erythematosus (SLE) International Classification of Diseases, Ninth Revision (ICD-9) code: 710.0.
SLE International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Clinical Modification (ICD-10-CM) codes:
M32.1*, M32.8, M32.9. VUMC = Vanderbilt University Medical Center; DUMC = Duke University Medical Center; MUSC = Medical University of
South Carolina; PPV = positive predictive value.
† Antinuclear antibody (ANA) positive (≥1:160).
‡ Ever laboratory results checked included double-stranded DNA, C3, or C4.
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and a delivery documented at MUSC after SLE diagnosis
resulted in 75 potential SLE deliveries. Of these, 38 were an
SLE case and 11 were probable SLE. Of the remaining sub-
jects, 26 did not have SLE, of which 15 had alternative autoim-
mune diagnoses, with the most common being cutaneous
lupus (see Supplementary Table 5, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24522/abstract).

Algorithms using ICD-9 or ICD-10-CM codes. Algorithm
performances using counts of the SLE ICD-9, ICD-10-CM, and
ICD-9 or ICD-10-CM codes in the training (VUMC) and validation
(DUMC, MUSC) sets are shown as a summary in Table 1, with
full data in Supplementary Tables 6–8 (available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24522/abstract). PPVs and sensitivities for algo-
rithms using only ICD-9 codes were similar across centers.
Requiring more code counts increased PPVs but decreased
sensitivities. Across 3 centers, increasing the number of ICD-9
code counts increased PPVs from 54–57% for ≥1 code to 74–
77% for ≥4 codes. As data duration for ICD-9 codes differed in
training versus validation centers, we limited the training set data
duration to 2007–2017 to match the 2 validation centers. Within
the training set, the ICD-9 code algorithm performances for the
restricted 2007–2017 duration were similar to the algorithm per-
formances for the full data duration 1993–2017 (see Supple-
mentary Table 9, at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24522/abstract).

Algorithms using only ICD-10-CM codes performed differ-
ently between centers, with higher PPVs in the training set but
lower PPVs in the validation sets. For algorithms using either
ICD-9 or ICD-10-CM codes, PPVs were in between the algo-
rithms using ICD-9 codes and algorithms using ICD-10-CM
codes.

Algorithms incorporating clinical data. We investi-
gated adding ever antimalarial documented, ever checked labo-
ratory results (dsDNA, C3, or C4), and a positive ANA (≥1:160)
to ICD-9 and ICD-10-CM codes. Algorithms that incorporated
clinical data had higher PPVs compared to algorithms using only
codes (Table 1 and Supplementary Tables 6–8, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24522/abstract). This addition, however,
lowered sensitivities, as some SLE patients did not have data
documented in the center’s EHR. One exception was in the train-
ing set where adding clinical data to the ICD-10-CM codes did
not significantly increase PPVs, as PPVs for ICD-10-CM codes
were already high. Across all 3 centers, adding antimalarials to
the codes improved PPVs most robustly. Adding ever checked
laboratory results to the codes increased PPVs slightly. Adding a
positive ANA did not significantly increase PPVs but decreased
sensitivities.

Case definition. For the above analyses, probable SLE
subjects were counted as not cases. We examined algorithm per-
formance with counting probable SLE subjects as cases (Table 1
and Supplementary Tables 10–12, available on theArthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24522/abstract). With this alternative case definition, PPVs
increased substantially while sensitivities decreased for all
algorithms.

Billing code provider. For the above analyses, we allowed
for any provider to use the SLE codes. We investigated whether a
rheumatology provider using the SLE codes impacted algorithm
performance (Table 1 and Supplementary Tables 13–15, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24522/abstract). With requiring a
rheumatology provider to use an SLE ICD-9 code, PPVs signifi-
cantly increased at all centers with a decrease in sensitivities.
Adding clinical data did not significantly improve PPVs, as PPVs
were already relatively high. By requiring a rheumatologist to use
the ICD-10-CM codes, PPVs at the validation centers more
closely approximated the high PPVs at the training center.

Subject race. We evaluated the impact of subject race on
algorithm performance. The prevalence for African American sub-
jects was 31% in the training set and 51% and 55% in the valida-
tion sets. While sensitivities were similar, PPVs were significantly
higher in African American subjects compared to White subjects
(Table 1). Pooling data from the 3 centers, the algorithm with ≥4
counts of the SLE ICD-9 or ICD-10-CM codes had a PPV of
78% in African American subjects compared to 54% in White
subjects (see Supplementary Table 16, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24522/abstract). Adding clinical data to the codes
increased PPVs in White subjects but not in African American
subjects (see Supplementary Table 16). Requiring rheumatology
to use the codes increased PPVs significantly in both White sub-
jects and African American subjects (see Supplementary
Table 17, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24522/abstract).

Results of machine learning methods. We performed
random forest and XGB models for algorithm development. For
random forest, the algorithm with the highest PPV included
500 trees and sampled 2 random variables per tree, with PPV of
79%, sensitivity of 80%, F score of 80%, negative predictive value
(NPV) of 81%, and area under the curve of 87% in the training set
(see Supplementary Tables 18 and 19, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24522/abstract). The most important variables in
the model were the total number of SLE ICD codes and rheuma-
tology using the SLE codes. Model performance varied by race,
with an F score of 0.87 in African American subjects versus 0.67
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in White subjects. For XGB, the highest-performing model had
PPV of 79%, sensitivity of 82%, F score of 80%, NPV of 82%,
and area under the curve of 84% in the training set (see Supple-
mentary Tables 20 and 21, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24522/abstract). The most important variables in the model
were the total number of SLE ICD codes and rheumatology using
the SLE codes. Model performance varied by race, with an F score
of 0.89 in African American subjects versus 0.71 in White subjects.

Highest performing algorithms. We assessed algo-
rithm performance with PPV, sensitivity, and F score, a measure
that accounts for both PPV and sensitivity. Algorithms’ perfor-
mances varied across the 3 centers, leading to different high-
performing algorithms at each center. Algorithms with the highest
PPVs included higher SLE code counts, incorporated clinical
data, expanded the case definition to include probable and defi-
nite SLE cases, and required rheumatology to use the SLE
codes (Figure 2). Algorithms that incorporated ≥4 SLE codes by
rheumatology along with ever antimalarial documented had
PPVs from 90% to 100% across the 3 centers. Algorithms with
the highest sensitivities were those that used fewer SLE code
counts and incorporated either SLE ICD-9 or ICD-10-CM codes
(Figure 2). The algorithm with the highest F score across the
3 centers used ≥4 counts of the SLE ICD-9 or ICD-10-CM codes
and was 87% at VUMC, 79% at DUMC, and 73% at MUSC
(Table 1).

Results of cohort assembly. Deploying the algorithm
with the highest F score (≥4 counts of the SLE ICD-9 or ICD-
10-CM codes) resulted in 438 possible SLE deliveries across the
3 centers (Table 2). In this cohort, the mean � SD age at first
delivery was 29.5 � 1.2 years, with White patient deliveries at
51%, African American at 42%, Asian at 3%, and 4% other. Only
5% of deliveries were of Hispanic ethnicity.

DISCUSSION

We have harnessed the power of the EHR to develop, vali-
date, and deploy algorithms that assemble a rare event across
multiple EHRs. To the best of our knowledge, this is one of the first
successful applications of assembling SLE and SLE deliveries
from several centers using EHR data in the US. This work is
important because it establishes valuable methods for
researchers to not only identify SLE and SLE deliveries but also
other outcomes across EHRs. In summary, increasing the num-
ber of SLE codes, adding ever antimalarial documented to codes,
expanding case definition to probable and definite SLE cases,
and requiring rheumatology to use SLE codes all improved the
algorithm PPVs. Subject race had a significant impact on algo-
rithm performance, with significantly higher PPVs in African Amer-
ican subjects compared to White subjects.

While there are validated algorithms to identify SLE in the
EHR (8,9), there are no studies on accurately identifying SLE deliv-
eries in the EHR. Literature in sickle cell anemia (12) has evaluated
and validated delivery codes in studying pregnancy outcomes
(11,13,20,21). Our study used these validated delivery codes
and built upon our work in SLE EHR algorithms (8,9). As ICD
codes transitioned from ICD-9 to ICD-10 in the US on October
1, 2015, we developed algorithms that incorporated either ICD-9
or ICD-10-CM codes to capture both historical and newly diag-
nosed SLE births. To the best of our knowledge, there are no
published studies that investigate the performance of SLE ICD-
10-CM codes. We developed multiple algorithms that incorporate
different types of data to meet researchers’ diverse goals. We also
performed validation and found good portability of the algorithms.
Lastly, we identified key factors such as clinical data, case

Figure 2. Guide to selecting algorithms to identify systemic lupus
erythematosus (SLE) deliveries in the Electronic Health Record. Algo-
rithms can be selected based on the researcher’s goals and available
clinical or ancillary data. If there is a desire for high certainty for true
SLE deliveries, one would select an algorithm with a high positive pre-
dictive value (PPV). If chart review is not available or possible to con-
firm case status, one would also want to select an algorithm with a
high PPV. Alternatively, if there is a desire to assemble as many SLE
deliveries as possible, one would select an algorithm with a high sen-
sitivity. If clinical or ancillary data are available, such as structured
electronic health record data including laboratory values or medica-
tions, those data will further influence algorithm selection. dsDNA =
double-stranded DNA; ICD-9 = International Classification of
Diseases, Ninth Revision; ICD-10-CM = International Statistical Clas-
sification of Diseases and Related Health Problems, Tenth Revision,
Clinical Modification.
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definition, subject race, and coding provider that all significantly
impact algorithm performance.

Performance of algorithms using ICD-10-CM codes was sig-
nificantly better in the training versus validation centers. Because
of high performance in the training center, adding clinical data or
requiring rheumatologists to use codes did not impact the algo-
rithms’ PPVs. In contrast, at the validation centers, requiring the
rheumatologist to use SLE ICD-10-CM codes dramatically
improved the algorithms’ PPVs. We hypothesize that at the train-
ing center, where the ICD-10-CM algorithms performed well,
rheumatologists were early adopters and frequent users of SLE
ICD-10-CM codes. In contrast, at the validation sets, we suspect
that nonrheumatology providers may have incorrectly assigned
SLE ICD-10-CM codes. A rheumatology provider using an SLE
code was one of the most important variables in machine learning
models for SLE case status. Thus, this difference in provider cod-
ing likely explains the difference in ICD-10-CM algorithm perfor-
mance in training versus validation sets.

As expected, requiring higher counts of SLE ICD-9 or ICD-
10-CM codes resulted in algorithms with higher PPVs but
lower sensitivities. The more visits a potential SLE patient has,
the more times an SLE code is used, with the clinician feeling
confident with the diagnosis. In general, adding clinical data
to the codes improved the algorithms’ PPVs but decreased
sensitivities. For example, some SLE patients did not have clin-
ical data, such as a positive ANA within the center’s EHR, as
they were followed by an outside rheumatologist. Using SLE
ICD-9 or ICD-10-CM codes from only rheumatologists resulted
in algorithms with high PPVs without requiring clinical data.
These algorithms would be useful if clinical data are not avail-
able, but this method limits the sample to SLE women man-
aged by center rheumatologists.

As expected, broadening the SLE case definition to include
probable patients increased PPVs while decreasing sensitivities.
Compared to definite SLE patients, probable SLE patients were
more likely to have fewer SLE codes. Algorithms requiring higher
counts of the SLE codes would then exclude more of these proba-
ble SLE patients, resulting in lower sensitivities. We used a special-
ist diagnosis for SLE versus using the American College of
Rheumatology (ACR) SLE criteria (22), as ACR SLE criteria are not
documented systematically in notes. We previously demonstrated
that requiring documentation of ACR SLE criteria excludes approx-
imately 26% of true SLE patients (8). Researchers can, however,
select a case definition based on their study’s goals and
available data.

Across all 3 centers, algorithms had higher PPVs but similar
sensitivities in African American versus White patients. While
increasing code counts and adding clinical data improved the
algorithms’ PPVs for White subjects somewhat, requiring rheu-
matology coding dramatically improved PPVs. Our results sug-
gest a high rate of SLE over-labeling in White subjects,
particularly by physicians other than rheumatologists. Thus,

different algorithms may be needed for different races. Specifi-
cally, algorithms to identify White subjects accurately may require
rheumatologists to use SLE billing codes. The impact of race on
EHR phenotyping has not been explored in SLE or other chronic
conditions. We hypothesize that the higher prevalence of SLE in
African American subjects compared to White subjects (23–26)
may contribute to this observation. PPVs are a function of disease
prevalence, while sensitivities are a function of the algorithm.

In addition to rule-based algorithms, we performed machine
learning models. These models had a similar F score to the high-
performing rule-based algorithm of ≥4 counts of SLE ICD-9 or
ICD-10-CM codes. The machine learning methods confirmed
results from the rule-based algorithms, including variablemodel per-
formance based on subject race. Machine learningmethods, partic-
ularly XGB, are robust (27) and have advantages, including
automatic model tuning and the ability to model complex
interactions.

We developed and validated algorithms to identify SLE deliv-
eries in the EHR. Similar methodology can identify and assemble
other rare diseases or outcomes in the EHR. Researchers can
choose methods based on available data and research goals
(Figure 2). If the goal is to identify subjects with high certainty,
one would select an algorithm with the highest PPV. In contrast,
if one wants to select as many subjects as possible to increase
sample size, one would select an algorithm with a high sensitivity
and F score. We chose to use an algorithm with a high F score
to amass the largest number of true SLE deliveries.

While we validated multiple EHR-based algorithms, our study
has limitations. We started our search for possible SLE deliveries
using at least 1 SLE ICD-9 or ICD-10-CM code. This search strat-
egy in finding SLE in the EHR has an NPV of 98% (8), so we antici-
pate very few potential SLE deliveries were missed. Search
strategies for identifying training and validation sets varied slightly
due to differences in how data are stored and accessed at the
3 centers. In machine learning methods, model performance did
not vary by center. Therefore, center heterogeneity had minimal
impact on algorithm performance. Our algorithms were developed
and validated at 3 tertiary care referral centers in the Southeastern
US, which may limit generalizability to other centers.

While the EHR does not substitute for prospective cohort
studies, EHRs contain longitudinal, real-word data that can dra-
matically increase the efficiency and sample size of a study. Using
1 of our validated, high-performing algorithms, we assembled
over 400 potential SLE deliveries across 3 centers. With this large
SLE delivery cohort, we will have the power in future studies to
examine the impact of disease and provider factors on important
outcomes such as preterm delivery and preeclampsia in SLE.
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Allopurinol and Cardiovascular Events: Time-Related Biases
in Observational Studies

Samy Suissa,1 Karine Suissa,2 and Marie Hudson1

Objective. Several observational studies reported that allopurinol, an effective treatment for gout, was associated
with important reductions in cardiovascular (CV) events, with calls for large, randomized trials, although some results
were conflicting. The present study was undertaken to assess the extent of time-related biases in these observational
studies.

Methods. We searched the literature for all observational studies reporting on allopurinol and CV events, focusing
on 2 time-related biases. Time-related confounding bias results from studies using cohorts of patients all exposed to
allopurinol, with comparisons based on episodes of allopurinol discontinuation, where confounding factors are not
updated over follow-up time. Immortal time bias arises from the exposure misclassification of periods of cohort
follow-up during which the outcome under study cannot occur.

Results. We identified 12 studies, of which 8 were affected by time-related confounding bias or immortal time bias,
while the remaining 4 studies avoided these biases. The studies affected by time-related confounding bias resulted in
significant reductions in the incidence of CV events with allopurinol use (pooled hazard ratio [HR] 0.88 [95% confidence
interval (95% CI) 0.85–0.92]), as did the studies affected by immortal time bias (pooled HR 0.79 [95% CI 0.72–0.87]).
The 4 studies that avoided these biases resulted in a pooled HR of 1.07 (95% CI 0.91–1.25).

Conclusion. Observational studies reporting significantly reduced incidence of CV events with allopurinol use were
affected by time-related biases. Overall, studies that avoided these biases did not find a protective effect. The ALL-
HEART randomized trial will provide important and accurate evidence on the potential effectiveness of allopurinol on
CV outcomes.

INTRODUCTION

Patients with gout are at increased risks of cardiovascular
(CV) events and CV-related mortality (1,2). In addition, hyperurice-
mia appears to be independently associated with CV disease risk,
although whether this effect is causal is debated (3,4). Thus, as
treatment with allopurinol is effective at decreasing urate levels
and the frequency of flares in patients with gout, it has been pos-
tulated that allopurinol could also reduce the elevated CV risk in
these patients (3,5).

A meta-analysis of 65 randomized controlled trials reporting
on the comparison of allopurinol or oxypurinol with placebo in
patients with gout and other indications found a nonsignificant
odds ratio of major adverse CV events of 0.65 (95% confidence
interval [95% CI] 0.41–1.05) (6). Several observational studies

found significant reductions in CV events with allopurinol use
compared with non-use, although some studies reported hazard
ratios (HRs) above unity, resulting in uncertainty regarding the
potential CV benefits of allopurinol (2,7,8). Indeed, the European
Alliance of Associations for Rheumatology (EULAR) task force for
the management of gout recognized that support for earlier treat-
ment of gout based on the CV benefit of these drugs is founded
on observational studies that yielded conflicting results (9). Con-
sequently, the task force and others called for well-conducted tri-
als of the CV effects of allopurinol, such as the ALL-HEART
randomized trial (9–11).

Recently, with respect to the outcome of all-cause mortality,
several observational studies reporting important reductions in
mortality with allopurinol use were shown to be affected by major
time-related biases (12). This examination of the mortality studies
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casts some doubt on the accuracy of the observational studies

reporting remarkable effectiveness of allopurinol on CV out-

comes. In this study, we conduct a methodologic review of the

observational studies of the effect of allopurinol on CV events in

patients with gout to evaluate potential sources of bias.

MATERIALS AND METHODS

We searched the literature on March 15, 2021, for all publica-
tions of observational studies investigating the effectiveness of
allopurinol versus non-use on various CV outcomes. We
searched PubMed for keywords “allopurinol” and (“cardiac” or
“cardiovascular”) and (“cohort” or “observational”) with no
restriction on publication date. Two independent reviewers sys-
tematically screened the titles and abstracts and carried forward
potentially relevant publications for review. Subsequently, we also
searched Embase with the same keywords to identify any studies
that were missed. Articles that were not observational studies,
such as comments, editorials, trials, meta-analyses, reviews,
and studies on nonhuman subjects, were excluded. The remain-
ing studies were screened by full-text review to exclude articles
that did not report a hazard or rate ratio, allopurinol exposure,
CV outcomes, or that did not provide data on patients with gout,
hyperuricemia, or using urate-lowering treatment (ULT). Addition-
ally, we scanned the references of these papers and included
studies that were not identified by our primary search. The final
selection was classified according to potential time-related biases
induced by the study design. In particular, 2 time-related biases
were identified in these studies: time-related confounding and
immortal time biases.

Time-related confounding bias arises from a study design
based exclusively on cohorts of patients all exposed to allopurinol,
without a separate non-user comparator group (Figure 1). Thus,
rather than a separate “unexposed” group of patients, this
approach compares the allopurinol-exposed episodes with

unexposed episodes defined by permanent or transient allopuri-
nol discontinuations within the same group of patients, all users
of allopurinol. Thus, typically, a Cox proportional hazards models
with time-dependent exposure to allopurinol would be used to
estimate the HR comparing “current” allopurinol use with “cur-
rent” discontinued use. This design can introduce bias from 2 dif-
ferent sources. The first source arises from the absence of
adjustment for time-dependent confounders, particularly factors
associated with allopurinol discontinuation. Indeed, the effect of
allopurinol is based entirely on the comparison between “current”
users of allopurinol and those who discontinued this drug at differ-
ent points of follow-up. Thus, the profile of patients who discon-
tinue at a given point in time could be different from those who
continue, potentially introducing confounding.

The second source of time-related confounding bias arises
from the study subjects all being exposed to allopurinol during
the early period of follow-up, before the first discontinuation.
Thus, CV outcome events that occur during this early exposed
period will be noninformative; that is, they will not contribute to
the estimation of the HR. Indeed, to contribute to the HR, there
must be some variation in exposure between the patient with the
outcome event and the risk set formed by all members of the
cohort present at the time of the event. Figure 1 shows that when
patient 1 has the CV event, this patient and all 4 patients in the risk
set defined by follow-up time are also exposed to allopurinol, thus
not contributing to the HR. In contrast, the other 3 patients with a
CV event have varying allopurinol exposure with members of their
risk set and thus do contribute to the HR. A consequence of non-
informative exposed early events is that early risks or early bene-
fits of the drug will not be captured, biasing the overall HR.

Immortal time bias arises, in cohort studies, from the inclu-
sion of periods of follow-up or exposure during which the out-
come under study cannot occur (13,14). Immortal time bias is

Figure 1. Illustration of time-related confounding bias with 5 typical
patients from the study of Weisman et al (20) comparing allopurinol-
exposed (blue line) with unexposed (black line) person-moments
within risk sets generated by each cardiovascular (CV) event over time
(broken lines).

SIGNIFICANCE & INNOVATIONS
• Several observational studies suggest that allopuri-

nol, an effective treatment for gout, also lowers the
incidence of cardiovascular (CV) outcomes.

• This study identifies significant time-related biases
in these observational studies, biases that tend to
exaggerate the potential benefit of treatments.

• These observational studies cannot be used as evi-
dence of decreased CV events with allopurinol use,
especially since studies that avoided these biases
did not find such a protective effect.

• Allopurinol is very effective at reducing urate levels
and the frequency of flares in patients with gout,
but it would be confusing at this time for clinicians
to suggest that it also improves CV outcomes and
mortality.
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introduced in a cohort study by classifying patients as exposed to
allopurinol from the day of cohort entry, even if they only filled their
first prescription during follow-up (Figure 2A). This bias can be
intensified if the definition of exposure also includes a duration of
allopurinol use, which will increase the length of the immortal time,
thus also increasing the bias (Figure 2B). Study-specific HRs were
pooled using random-effects models stratified according to the
type of time-related bias.

RESULTS

We identified 229 potential papers, of which we found the
majority to be reviews, editorials or opinion pieces, meta-analyses,
observational studies comparing allopurinol against another
ULT, or those that did not analyze allopurinol separately among
ULTs. We reviewed the full text of 25 studies and further excluded

15 that did not report on exposure to allopurinol, the outcome, or
indication of interest (Figure 3). We also identified 2 studies by ref-
erence search of published articles, resulting in 12 studies for our
methodologic review (Table 1). The search of Embase identified
283 references, which included no new studies beyond the
12 identified via PubMed.

Of these 12 studies, we found 6 studies affected by time-
related confounding bias, with a pooled HR of a CV event with
allopurinol use of 0.88 (95% CI 0.85–0.92), and 6 by immortal
time bias (pooled HR 0.79 [95% CI 0.72–0.87]), including 4 stud-
ies contributing to both sources of bias. The remaining 4 studies
avoided these time-related biases (pooled HR 1.07 [95% CI
0.91–1.25]) but still reported variable results (Figure 4).

Time-related confounding bias. Time-related confound-
ing bias affected 6 of the identified studies (15–20). For example,
the study by Weisman et al used this exposed cohort design in
part because “indication bias would be difficult to overcome
without important confounder data” (20). This study adjusted
for covariates measured at cohort entry (initiation of allopurinol
treatment), but these were not updated at the time of each risk
set during follow-up, a limitation recognized by the authors
(“We were not able to adjust for time-varying comorbidities
and medications that may have been related to treatment dis-
continuation”) (20). A particular example of this time-related con-
founding is adjustment for age at cohort entry but not for age at
the time of each risk set if age is categorized or fitted as a nonlin-
ear term. Note that fitting age as a linear term will not change the
relative risk estimate with time-dependent adjustment for age.
Thus, in a cohort of patients ≥65 years of age at cohort entry
and followed up for 20 years, aging during follow-up will be
associated with important increases in the risk of CV. Indeed,
the incidence rate of CV events increases from 27 to 50 to
70 per 1,000 per year for 65–74, 75–85, and ≥85 years of age,
respectively (21). Time-related confounding bias is introduced if
age (categorized) is also associated with allopurinol discontinua-
tion, as are several other risk factors that can occur during
follow-up (22,23).

With respect to the second source of bias, the studies do not
provide the number of CV events that occurred early when all
patients were exposed for the time period before the first discon-
tinuation. Thus, the extent of the magnitude of this bias cannot be
quantified. Furthermore, there is no solution to avoid this second
source of bias, particularly if study subjects are all compliant with
treatment for an extended early period of follow-up, thus discard-
ing early outcome events. This study design depends on patients
being noncompliant, with the estimate of effect being based on a
comparison of continued users with discontinuers. For the first
source, the incidence of outcomes such as CV events or mortality
will increase with follow-up time, particularly with older study
populations. Thus, the analysis should not only be based on a
time-varying exposure approach, but confounding factors should

Figure 2. Illustration of immortal time bias in cohort studies accord-
ing to 2 forms of exposure definition. A, The immortal time period
between cohort entry (the diagnosis of gout) and the first allopurinol
prescription is misclassified as “exposed to allopurinol” when in fact
the patient is unexposed; and B, The immortal time period between
the first allopurinol prescription and the end of >2 years of continuous
use is misclassified as exposed to >2 years of allopurinol duration.
CV = cardiovascular. Red lines indicate immortal time, blue lines indi-
cate allopurinol-exposed, and black horizontal lines indicate
unexposed.
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also be updated over time. In this context, some challenging
methodologic considerations for studies based on treatment dis-
continuation should be taken into account (24).

Immortal time bias. Immortal time bias was identified in
6 of the studies (15,16,18,19,25,26). An example of immortal time
bias is the study by Wei et al, based on a cohort of >7,000
patients, which reported an HR of a CV event of 0.88 (95% CI
0.73–1.05) with allopurinol use among patients with a urate
level of >6mg/dl (25). This study compared patients who received
allopurinol at any time throughout the observation period of 2000–
2007 with those who did not receive any ULT. Immortal time bias
is introduced in this study by classifying patients as exposed to

allopurinol from the day of cohort entry, even if the first prescrip-
tion was filled during follow-up (Figure 2A). Indeed, the time
between cohort entry and the first allopurinol prescription is
immortal, as the patient must be alive to receive it, and the patient
is unexposed during this period, resulting in immortal time
bias (13,14).

Another distinctive example of immortal time bias is the
observational study by Singh et al, which investigated the effect
of duration of allopurinol treatment on the risk of myocardial
infarction (MI), reporting a 30% reduction in this risk with
>2 years of allopurinol use (15). The study used Medicare data
to identify a cohort of >28,000 initiators of allopurinol, comparing
episodes of use with episodes of non-use. The adjusted HR of

Figure 3. Flow chart for selection of reviewed observational studies. HR = hazard ratio; RCT = randomized controlled trial.

Table 1. Observational studies reporting on the risk of a cardiovascular event associated with allopurinol use*

Author, year (ref.) Patient population Outcome event Data source region

Wei et al, 2011 (25) Population based† Composite cardiovascular Scotland
Gotsman et al, 2012 (26) Chronic heart failure† Cardiac hospitalization Israel
Kok et al, 2014 (28) Gout Cardiovascular hospitalization Taiwan
Kim et al, 2015 (29) Gout Composite cardiovascular US
Larsen et al, 2016 (30) Hyperuricemia Composite cardiovascular Denmark
Singh and Yu, 2016 (15) Receiving allopurinol Acute myocardial infarction US
Singh and Yu, 2016 (16) Receiving allopurinol Stroke US
Singh and Yu, 2017 (19) Receiving allopurinol Atrial fibrillation US
Singh et al, 2017 (17) Diabetes mellitus and gout Myocardial infarction or stroke US
Singh and Cleveland, 2018 (18) Receiving allopurinol Peripheral arterial disease US
Weisman et al, 2019 (20) Diabetes mellitus and allopurinol use Composite cardiovascular Ontario, Canada
Ju et al, 2020 (31) Gout Composite cardiovascular Hong Kong

* Ref. = reference.
† Studies also reporting on patients with gout or hyperuricemia.
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MI associated with >2 years of allopurinol use was 0.70 (95% CI
0.56–0.88). Immortal time bias is introduced by first classifying
patients according to duration of use (>2 years) before analyzing
the time to MI event. Clearly, the first 2 years of allopurinol use
are immortal because the exposed patient must be free of MI
during at least 2 years of allopurinol use to be included in the
analysis. In contrast, the comparator, unexposed patients, has
no such restriction. Figure 2B depicts this bias by comparing
the survival times between 2 patients, a user of allopurinol for
>2 years, and a non-user, who both incur an MI during follow-
up. Clearly, the allopurinol user will have a longer time to MI, arti-
ficially created by imposing the >2 years duration of allopurinol

use. Counting these first 2 years of allopurinol use as “exposed”
leads to immortal time bias, which results in an exaggerated pro-
tective effect of allopurinol use compared with non-use (14).

To illustrate the impact of the bias in this study, we used
some data reported in the paper on the number of person-days
of follow-up according to duration of allopurinol use and simulated
others that were not provided (15). The unexposed comparator
had 8,327,742 person-days of follow-up and 607 MI cases, for
a rate of 73 per 1 million days. On the other hand, the >2 years
duration group had 1,847,218 person-days of follow-up and
97 MI cases, for a rate of 53 per 1 million days. However, these
person-days include the first 2 years necessary to identify a

Figure 4. Forest plot of hazard ratios (HRs) and rate ratios of cardiovascular (CV) events associated with allopurinol use from observational stud-
ies listed in Table 1, with pooled estimates by a random-effects approach, according to studies affected by time-related confounding time bias,
immortal time bias, and no time-related bias. 95% CI = 95% confidence interval; AFib = atrial fibrillation; MI = myocardial infarction;
PAD = peripheral arterial disease. Shaded boxes represent individual HRs; diamonds represent pooled HRs and 95% confidence intervals. The
broken line indicates the overall HR; horizontal solid lines indicate 95% confidence intervals.
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duration of allopurinol use of >2 years. Since the paper does not
report the number of patients for each duration of use, we
assumed 3 values: 1,000, 750, and 500 patients. Table 2 shows
that if 1,000 patients had used allopurinol for >2 years, 730,000
person-days of the 1,847,218 person-days of follow-up are
immortal and should be subtracted from this denominator
(Figure 4B). Consequently, the biased rate ratio of acute MI with
>2 years of allopurinol use of 0.72 (95% CI 0.58–0.89) becomes
1.19 (95% CI 0.96–1.48) after correcting for the 2 years of immor-
tal time. With 500 users for >2 years, the corrected rate ratio
becomes 0.90 (95% CI 0.72–1.11).

Immortal time bias can be avoided by using a time-
dependent definition of exposure that properly classifies exposure
in the data analysis, as illustrated in our example using simple
rates and proper reclassification of exposed and unexposed
person-time (14). Similarly, when assessing the effects of treat-
ment duration, proper classification should be given to the time
before which the patient reaches the duration of interest. To
address this bias, one can also use statistical models for time-
varying exposures, such as the Cox proportional hazards model
with time-dependent factors (14). Alternatively, one could use
approaches based on study design, such as the prevalent new-
user design that matches allopurinol initiators with non-users at
the same time point in the disease course, thus avoiding immortal
time bias (27).

Studies avoiding time-related biases. We found
4 studies that addressed these time-related biases, all using a
separate comparator group (28–31). Two of the studies used
a design that started follow-up at initiation of allopurinol expo-
sure, with a comparable time point for the non-users (28,29).
For example, the study by Kok et al identified a cohort of

patients diagnosed with gout to compare 2,483 users of allopu-
rinol who were matched on several factors to 2,483 non-users,
including on the index date of allopurinol initiation, thus avoiding
immortal time bias (28). The other 2 studies avoided immortal
time bias by using a time-dependent definition for allopurinol
use in the regression model (30,31). Indeed, both studies
properly classified the immortal time prior to allopurinol initiation
as unexposed, after which point patients were classified as
exposed. Nonetheless, the current use time-dependent expo-
sure definition to allow for varying adherence to allopurinol
treatment, used in one of these studies, is limiting, as it inher-
ently assumes that the risk of the CV events changes immedi-
ately to the unexposed level once a patient stops treatment
temporarily, and that there is no long-term effect of having been
on treatment (30).

DISCUSSION

Our methodologic review of the 12 observational studies of
allopurinol effectiveness on major CV events in patients with
gout or hyperuricemia noted wide variations in results. We
found that 8 of the 12 studies were affected by time-related
biases that resulted in significant reductions in the incidence of
CV events with allopurinol use. Indeed, the studies affected by
time-related confounding bias had a pooled HR of CV events
with allopurinol use of 0.88 (95% CI 0.85–0.92), while for those
affected by immortal time bias, the HR was 0.79 (95% CI
0.72–0.87). The 4 studies that avoided these biases found vari-
able effects of allopurinol on CV events (pooled HR 1.07 [95%
CI 0.91–1.25]).

Time-related confounding bias is rather unique, as it results
from cohort studies in which all subjects are exposed to

Table 2. Comparison between immortal time-biased analysis and corrected analysis for the cohort study by Singh and Yu (15) of >28,000 initi-
ators of allopurinol to assess the effect of >2 years of allopurinol on the risk of acute myocardial infarction (MI), corrected for 2-year immortal time,
as illustrated in Figure 2B*

Acute MI,
no. Person-days

Rate per
1,000,000

person-days
Crude rate ratio

(95% CI)

Immortal time-biased analysis
Allopurinol use >2 years 97 1,847,218 52.5 0.72 (0.58–0.89)
Non-use (ref.) 607 8,327,742 72.9 1.0 (ref.)

Corrected analysis (assuming 1,000 users >2 years)
Immortal person-time† 0 730,000
At-risk person-time >2 years 97 1,117,218 86.8 1.19 (0.96–1.48)
Non-use (ref.) 607 8,327,742 72.9 1.0 (ref.)

Corrected analysis (assuming 750 users >2 years)
Immortal person-time† 0 547,500
At-risk person-time >2 years 97 1,299,718 74.6 1.02 (0.83–1.27)
Non-use (ref.) 607 8,327,742 72.9 1.0 (ref.)

Corrected analysis (assuming 500 users >2 years)
Immortal person-time† 0 365,000
At-risk person-time >2 years 97 1,482,218 65.4 0.90 (0.72–1.11)
Non-use (ref.) 607 8,327,742 72.9 1.0 (ref.)

* 95% CI = 95% confidence interval; ref. = reference.
† Immortal person-time corresponds to the first 2 years of allopurinol use.
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allopurinol, an unusual design used in several of the reviewed
studies. This study design thus relies on patients’ tendency to dis-
continue treatment to permit a comparison of use versus non-
use. This design would not be feasible if patients were fully adher-
ent to the medication for the entire cohort follow-up. Nonetheless,
even with sufficient discontinuations, this study design presents
major challenges for 2 reasons. First, even with long follow-up,
there could be sufficient treatment adherence early after initiation
such that CV events occurring during this early period would be
omitted in the analysis, as all cohort subjects would be exposed
during this early period. Thus, early risks or benefits of the study
drug would be missed, depending on the duration of early adher-
ence. Second, the data analysis for this design needs to account
for time-varying confounders that are associated with both the
CV events and the discontinuation of allopurinol treatment, which
forms the unexposed comparator in these studies. Nonetheless,
this is particularly challenging in this single cohort design, for
which determining the comparator of allopurinol discontinuers
involves complex design issues (24). Moreover, this approach
inherently assumes that the risk of a CV event instantly reverts
back to the unexposed risk level once a patient stops the initial
allopurinol treatment course and immediately goes back to the
previous exposed risk level when the patient restarts, with no
long-term effect of having taken allopurinol.

Immortal time bias arising from the misclassification of expo-
sure to allopurinol, which was present in several studies, system-
atically results in an exaggerated protective effect of allopurinol
use compared with non-use (14). This bias is easily avoidable with
a proper study design or a data analysis that classifies exposure
correctly over time. Interestingly, the immortal time bias that
affected the study by Wei et al (25) had been corrected for by
the same authors in a prior study of the effect of allopurinol on
mortality (32). Immortal time bias was particularly prevalent in sev-
eral studies investigating the effect of duration of allopurinol on the
risk of different CV outcomes (15,16,18,19). These studies, which
reported an HR of CV events with >2 years of allopurinol use
ranging from 0.65 to 0.79, did not consider the duration of allopu-
rinol use as a time-varying factor. Consequently, as our data illus-
tration showed, an immortal time-biased rate ratio of acute MI
with >2 years allopurinol use of 0.72 became 1.19 after correcting
for the 2 years of immortal time.

Immortal time bias is most often found in studies compar-
ing users with non-users, which, unlike studies with an active
comparator drug, present the challenge of where to start
follow-up for the non-users (33). Thus, the presence of immortal
time bias should be suspected in studies with non-user com-
parators, such as the studies of allopurinol use versus non-use
that we reviewed, especially if the results suggest a noteworthy
benefit for the drug under study. Study designs such as the
prevalent new-user design or a marginal structural approach
that emulates randomized trials will avoid immortal time
bias (27,34).

The 4 studies that avoided these time-related biases all used
a separate comparator group, thus circumventing time-related
confounding issues. In addition, 2 of the studies avoided immortal
time bias using a time-dependent definition for allopurinol use in
the data analysis, classifying the immortal time prior to allopurinol
initiation as unexposed and exposed subsequently (30,31). The
other 2 studies avoided this bias in their study design, matching
subjects on the date of initiation of allopurinol and a comparable
time point for the non-users (28,29). Nonetheless, 2 of the studies
used an intent-to-treat analysis, which estimates the effect of allo-
purinol irrespective of whether patients continued their treatment
over up to 10 years of follow-up (28,31). On-treatment analyses
should also be included, as were presented in the other 2 studies,
although these studies also found varying effects (29,30).

Observational studies are important to evaluate the real-
world effectiveness of medications but must aim to minimize
bias. Time-related biases, prevalent in the observational studies
of allopurinol on CV events, could be avoided with suitable tech-
niques of study design and data analysis. Along with the biases
identified in the observational studies also showing remarkable
reductions in mortality with allopurinol use (12), considerable
uncertainty surrounds the effectiveness of allopurinol on lowering
the incidence of these major outcomes. Thus, our analysis pro-
vides methodologic support for the caution of the EULAR task
force on the management of gout, particularly the suggestions
of earlier treatment because of the conflicting results of these
observational studies on CV benefit (9). The currently underway
ALL-HEART randomized controlled trial comparing allopurinol
with placebo will provide important and accurate evidence on
these outcomes (11).
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