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Cover image: The figure on the cover (from Abi-Ghanem et al, page 2) is a plain radiograph of the pelvis
showing prominent diffuse osseous demineralization and cortical thinning. The patient is a 49-year-old
man presenting with a 2-year history of debilitating diffuse joint, muscle, and bone pain.
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A 49-Year-Old Man With Debilitating Aches and Pains and a

Mysterious Culprit

Alain S. Abi-Ghanem),’

CASE PRESENTATION

Chief symptoms

A 49-year-old man presented with a 2-year history of debili-
tating diffuse joint, muscle, and bone pain.

History of present iliness

The patient reported pain that started insidiously in his
feet and gradually progressed proximally from the lower
extremities to the pelvis, spine, and chest. He described it as
dull, aching, and constant and exacerbated by minimal move-
ment and even inspiration. He complained of frequent severe
muscle spasms, cramps, progressive weakness, and difficulty
with ambulation leading to the use of a wheelchair. He also
reported being diagnosed as having multiple nontraumatic rib
fractures. The patient had seen many physicians in the past for
his condition and was given a multitude of treatments without
effect. Nonsteroidal antiinfammatory medications provided
minimal relief, and treatments with oral sulfasalazine (2 gm
daily), golimumab (50 mg subcutaneously once per month for
6 months), and then etanercept (50 mg subcutaneously once
per week for 6 months) for presumed spondyloarthritis had
no effect. He was diagnosed as having fibromyalgia by other
physicians and was prescribed pregabalin treatment without
improvement. He denied using any other medications.

Past medical history

The patient had a history of latent tuberculosis treated
with a 6-month course of isoniazid 3 years prior to presenta-
tion. His past medical and surgical history were otherwise
unremarkable.

'Alain S. Abi-Ghanem, MD: American University of Beirut Medical Center,
Beirut, Lebanon; *Camil J. Chouairy, MD, Zarouhie Meguerian, MD, Lama
Azar, MD: Saint George Hospital University Medical Center, University of
Balamand, Beirut, Lebanon.
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Social and family history

The patient had no history of tobacco, alcohol, or illicit drug
use, as well as no recent travel or contact with other people who
were sick. He had lost his job in sales and distribution in a super-
market due to his illness. He had no known family history of auto-
immune, neuromuscular, or metabolic bone diseases.

Review of systems

Additional symptoms, including fever, night sweats, weight
loss, oral ulcers, rashes (such as psoriasis, palmoplantar pustu-
losis, or severe acne), dry eyes or dry mouth, red or painful eye,
cough, dyspnea, dysphagia, abdominal pain, diarrhea or red
blood per rectum, paresthesias, and bladder or bowel dysfunc-
tion, were absent.

Physical examination

Upon examination, the patient appeared in significant distress
due to pain. He had difficulty transferring from his wheelchair to the
examination table and was unable to bear weight unaided. A wad-
dling gait was noted. His vital signs were normal. He was alert and
oriented to person, place, and time. His speech was normal
and appropriate. The skin was intact. Pupils were equally round
and reactive to light and accommodation. The sclera, conjunc-
tiva, oral, and nasal mucosa were normal, as was the tongue and
gums. The thyroid was not enlarged, and the lungs were clear to
auscultation. The patient had a normal and regular heart rate and
rhythm. No abnormal heart sounds, murmurs, or rubs were appre-
ciated. Distal pulses were normal. The abdomen was soft and
nontender, and no organomegaly was noted. He had no palpable
nodes in the cervical, supraclavicular, axillary, or inguinal areas.

Address correspondence to Alain S. Abi-Ghanem, MD, Department of
Radiology, American University of Beirut Medical Center, Riad El-Solh 1107
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The musculoskeletal examination revealed normal spinal
curvatures, and no deformities of the joints were noted. He had
severe tenderness to palpation of bones, especially over the
spinous processes, ribs, and long bones of the lower extremities
bilaterally. The FABER test (hip Flexion, Abduction, and External
Rotation) showed negative results. The patient had full and sym-
metrical passive range of motion of his joints with no evidence of
synovitis.

The neurologic examination revealed intact cranial nerves
[I-XII and coordination, as evaluated by rapid alternating move-
ments and finger-to-nose testing. No involuntary movements
were noted, including no tremors or myoclonus. The patient had
no pronator drift, and muscle bulk and tone were normal. No
fasciculations were noted. His motor strength was 4/5 bilaterally
in the hip flexor, extensor, abductor, and adductor muscles. The
rest of his motor examination was normal. The biceps, triceps,
brachioradialis, patellar, and Achilles deep tendon reflexes were
normal, and he had a plantar flexor response. Sensory examina-
tion findings, including light touch, pain, vibration, and 2-point
discrimination, were normal.

Initial laboratory evaluation

Results of the initial laboratory evaluation are shown in
Table 1. These results were unremarkable except for a low
fasting serum phosphorus level of 1.3 mg/dl, an elevated alka-
line phosphatase level 5 times the upper limit of normal, an
elevated parathyroid hormone (PTH) level (90 pg/ml [normal
range 10-65]), and low 1,25-dihydroxyvitamin D (12 ng/liter

[normal range 18-71]).

Radiographic evaluation

Plain radiography of the pelvis (Figure 1) showed prominent
diffuse osseous demineralization and cortical thinning. There was
no evidence of sacrailiitis, cortical thickening, sclerosis, osseous
deformity, or periostitis.

CASE SUMMARY

The patient is a 49-year-old man presenting with a 2-year
history of debilitating diffuse bone pain and tenderness, proximal
lower extremities weakness, and a waddling gait. His examination
findings showed significant hypophosphatemia with high PTH and
alkaline phosphatase levels, low 1,25-dihydroxyvitamin D, and dif-
fuse demineralization on imaging.

DIFFERENTIAL DIAGNOSIS

The above clinical presentation and laboratory findings sug-
gest the following disorders: primary hyperparathyroidism, Paget’s
disease of bone, multiple myeloma, and osteomalacia.

Table 1. Laboratory results®

Value Normal range
WBC count, cells/mm? 10 4-10
Hemoglobin, gm/dl 15.4 13-17
Platelet count, cells/mm’ 179 150-400
Sodium, mmoles/liter 145 135-145
Potassium, mmoles/liter 3.8 3.5-5
Chloride, mmoles/liter 105 95-105
CO,, mmoles/liter 23 22-29
Creatinine, mg/dl 0.62 0.6-1.2
Glucose, mg/dl 102 70-110
Albumin, gm/d| 4.8 3.5-5
Calcium, mg/dl 10.1 8.4-10.2
Phosphorus, mg/d| 13 3-4.5
Magnesium, mg/dl 2 1.3-21
Aspartate aminotransferase, 15 <40
units/liter
Alanine aminotransferase, 43 <42
units/liter
Alkaline phosphatase, units/liter 625 40-129
Gamma glutamyl transpeptidase, 37 8-61
units/liter
Total bilirubin, mg/dl 0.64 <1.2
Creatine kinase, units/liter 19 39-308
Thyroid-stimulating hormone, 2.1 0.4-5
pU/liter
CRP level, mg/liter 4.1 <10
ESR, mm/hour 15 0-20
25-hydroxyvitamin D, ng/ml 27 30-70
1,25-hydroxyvitamin D, ng/I| 12 18-71
Parathyroid hormone, pg/ml 90 10-65

* WBC = white blood cell; CRP = C-reactive protein; ESR = erythrocyte
sedimentation rate.

Primary hyperparathyroidism

The patient’s bone pain presentation, the elevated PTH
level at 90 pg/ml (normal range 10-65), hypophosphatemia,
and diffuse demineralization on radiographs suggestive of

Figure 1. Plain radiograph of the patient's pelvis showing
prominent diffuse osseous demineralization and cortical thinning
(asterisk). R = right.
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osteoporosis raise the possibility of primary hyperparathy-
roidism. The classic manifestation of primary hyperpara-
thyroidism bone disease, osteitis fibrosa cystica, is rare.
However, the patient’s serum calcium level, confirmed twice,
was normal, making the possibility of osteitis fibrosa cystica
unlikely. Moreover, the other abnormal laboratory test results
associated with hyperparathyroidism such as hypomagne-
semia and elevated 1,25-dihydroxyvitamin D were absent
(1). Most patients with normocalcemic primary hyperparathy-
roidism are asymptomatic (2,3). Therefore, the elevated PTH
in this case is more likely to be explained by secondary hyper-
parathyroidism. In the absence of renal failure, significant
25-hydroxyvitamin D deficiency, and malabsorptive disorders,
one plausible cause is the low calcitriol level, the etiology of
which needed to be explored (4).

Paget’s disease of bone

Paget’s disease of bone is a focal disorder of bone
metabolism that occurs in the aging skeleton and is charac-
terized by accelerated bone turnover and disorganized bone
remodeling, leading to abnormal bony overgrowth. Its onset
is usually after the age of 55 years, and it affects slightly more
men than women. Many patients are asymptomatic, and the
diagnostic clues are often a rising serum alkaline phosphatase
level and/or an incidental finding of characteristic radiographic
changes such as cortical thickening, expansion, coarsening
of the trabecular markings, and mixed areas of lucency and
sclerosis (5,6). In this case, the possibility of Paget’s disease
of bone was raised in view of the bone pain presentation and
the elevated alkaline phosphatase level. The young age of the
patient, the presence of hypophosphatemia, and the absence
of the characteristic radiographic findings of Paget’s disease
of bone present arguments against this diagnosis.

Multiple myeloma

Multiple myeloma is characterized by the neoplastic prolif-
eration of immunoglobulin-producing plasma cells. Weakness,
fatigue, and bone pain, particularly of the back and chest, are
commonly reported by patients with this disease (7). It is also
associated with decreased bone density and fractures (8).
Hypophosphatemia may occur in the setting of multiple mye-
loma associated with proximal tubular dysfunction (Fanconi
syndrome) (9). Moreover, spurious hypophosphatemia has been
described in patients with multiple myeloma (10,11). However,
the other common findings of multiple myeloma, such as ane-
mia, hypercalcemia, and renal impairment, were absent in this
case. The patient’s significantly elevated alkaline phosphatase
level is uncommon in multiple myeloma, and the patient had
no characteristic punched-out Iytic lesions on the radiograph
of the pelvis.

Table 2. Major causes of osteomalacia (12,34,54-65)

Abnormal vitamin D metabolism
Low vitamin D dietary intake
Insufficient sunlight exposure
Gastrointestinal malabsorption
Liver disease
Anticonvulsant use
Hypoparathyroidism
Renal failure
Vitamin D-dependent rickets type 1 and 2
Hypophosphatemia
Decreased intestinal phosphorus absorption
Low phosphorus dietary intake
Antacids
Vitamin D deficiency or resistance
Renal phosphorus wasting
Hereditary hypophosphatemic rickets
Fanconi syndrome
Multiple myeloma
Tumor-induced osteomalacia
Mineralization defects
Chronic renal failure
Osteogenesis and fibrogenesis imperfecta
Aluminum, fluoride
Hypophosphatasia

Osteomalacia

Osteomalacia is a metabolic bone disease characterized by
a defective mineralization of newly formed osteoid at sites of bone
turnover (12,13). Patients usually present with bone pain and
tenderness, muscle weakness, difficulty walking, and a waddling
gait. These are relatively vague, nonspecific symptoms and, not
unusually, patients are misdiagnosed as having a variety of other
rheumatologic or neuropsychiatric conditions such as spondy-
loarthritis, polymyalgia rheumatica, myopathies, fibromyalgia, and
conversion disorders (14-20). A high degree of suspicion in the
right clinical context is necessary to make this diagnosis, espe-
cially in the earliest stages of the disease. Several different dis-
orders cause osteomalacia by one of the following mechanisms:
abnormal vitamin D metabolism, mineralization defects, and
hypophosphatemia (Table 2). In view of the laboratory findings in
the present case, hypophosphatemia-related osteomalacia needs
to be considered first.

CLINICAL COURSE

Findings from the serum protein electrophoresis with immu-
nofixation and free kappa and lambda chains levels were normal,
thereby excluding a diagnosis of multiple myeloma. The striking
laboratory finding in this case was the hypophosphatemia. The
patient’s medical history, examination findings, and laboratory
test results did not reveal a cause of decreased intestinal phos-
phorus absorption such as inadequate dietary intake, malab-
sorptive disorders, antacid use, or severe vitamin D deficiency.
Therefore, renal phosphate wasting was suspected. This was
confirmed by an inappropriately low renal tubular reabsorption of
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Figure 2. Image showing ®Ga-DOTATOC whole-body positron
emission tomography (PET)/computed tomography (CT) with
maximum intensity projection (top) and axial fused PET/CT at the
level of the pelvis (bottom). Both top and bottom figures show a
4.5 x 1.7-cm intensely radiotracer-avid subcutaneous soft tissue
mass in the left anterior pelvic wall with SUVmax 8.9 (arrows). Color
figure can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23807/abstract.

phosphate (TRP) at 64% (% TRP = 100 x [1 — ([urine phosphate/
urine creatinine] x [serum creatinine/serum phosphate])]). When
phosphate is normal, % TRP is expected to be between 85% and
95%. Similarly, the patient’s renal tubular maximum reabsorption
of phosphorus corrected for glomerular filtration rate was inap-
propriately low at 0.83 mg/dl (normal range for age and sex 2.78-
4.18). This means that the maximum tubular reabsorption of
phosphorus was lower than expected for the patient’s low serum
phosphorus concentration, confirming renal phosphate wasting
as the etiology of his hypophosphatemia (21,22). Therefore, the
diagnosis of hypophosphatemia-related osteomalacia appears
the most likely. From among the causes of hypophosphatemia-
related osteomalacia, as listed in Table 2, the following 2 condi-
tions best explained the patient’s presentation: tumor induced
osteomalacia (TIO) and hereditary hypophosphatemic rickets.

TIO

Also known as oncogenic osteomalacia, TIO is a rare dis-
order caused by the secretion of fibroblast growth factor 23
(FGF-23) by benign mesenchymal tumors. FGF-23 acts primar-
ily at the renal tubule by impairing phosphate reabsorption and
1a-hydroxylation of 25-hydroxyvitamin D, therefore leading to
decreased mineralization of newly formed bone and the clinical

Figure 3. Axial computed tomography image of the lower chest
showing several healing fractures of the rib with callus formation
(arrows).
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Figure 4. A, Hematoxylin and eosin (H&E)-stained cells (original magnification x 25) showing almost equal amounts of adipose tissue and
mesenchymal cells. Note the thin-walled blood vessels with a hemangiopericytoma-like architecture (arrows). B, H&E-stained cells (original
magnification x 50) showing the mesenchymal cells (arrow) predominating over the adipocytes in this field. Blood vessels display a thick wall.
C, H&E-stained cells (original magnification x 200) showing benign mature adipocytes and intimately admixed, round-to-plump mesenchymal
cells (arrow). D, Immunohistochemical stain showing strong diffuse expression of vimentin (original magnification x 200).

findings of osteomalacia and hypophosphatemia (21,23-26).
Few studies have addressed the epidemiology of TIO. It typi-
cally occurs in adults (mean age 45 years) and affects men and
women equally. The time from onset of symptoms to a correct
diagnosis often exceeds 2.5 years (27). This delay in diagnosis
is probably due to the occult nature of the disease and because
the hypophosphatemia, which is the hallmark of TIO, may be
overlooked or uninvestigated.

The first person to recognize the association between a
tumor, a phosphaturic substance, and a clinical syndrome of
osteomalacia was Andrea Prader in 1959 (28). Since that time,
~400 cases have been reported in the literature (21,24,29). A
growing recognition of TIO paralleled the identification, in 2000,
of FGF-23 as the phosphaturic agent (30,31). The primary chal-
lenge in diagnosing TIO is the difficulty, in certain instances,
in localizing the tumors due to their small size and obscure

locations such as bone and soft tissue. Definitive treatment of
the disease is complete tumor resection whenever possible.

Hereditary hypophosphatemic rickets

Hereditary forms of hypophosphatemia or hypophos-
phatemic rickets refer to several genetic disorders characterized
by renal phosphate wasting due to mutations in 1 of the genes
that control renal phosphate reabsorption. The most com-
mon form, the X-linked hypophosphatemic rickets (XLH), is a
dominant disorder due to mutations in the PHEX gene, which
encodes an enzyme that normally degrades FGF-23. Both boys
and girls may be affected. In the absence of familial history, chil-
dren typically come to medical attention with slowed growth and
legs bowing. Craniosynostosis and other craniofacial anomalies
may be present. Other clinical presentations in untreated adults
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may include weakness, fatigue, bone pain, gait abnormalities,
early osteoarthritis, enthesopathy, hearing loss, tinnitus, dental
abscesses, and early loss of dentition due to abnormal miner-
alization of dentin (32-36). In addition to hypophosphatemia,
renal phosphate wasting, and high FGF-23 levels, untreated
patients with XLH usually have normal serum levels of calcium,
normal-to-high PTH and alkaline phosphatase levels, normal
plasma 25-vitamin D concentrations, and normal or slightly
reduced plasma 1,25-dihydroxyvitamin D concentrations due to
increased catabolism and decreased formation of the enzyme
(87). The other forms of hereditary hypophosphatemic rickets
are rare and include autosomal dominant and autosomal
recessive diseases, as well as hypophosphatemic rickets with
hypercalciuria.

Consequently, we tested the patient for an FGF-23 level,
which showed to be abnormally elevated (350 ng/liter [normal
<50Q)) as seen in TIO and hereditary hypophosphatemic rickets.
Given the evidence of this case, TIO is the more likely diagnosis
in view of the adult age of onset of the disease, the severity of
the presentation, the prominent muscle weakness, and the unre-
vealing family history.

The next task was to localize the potential tumor. Somato-
statin receptor (SSTR) imaging has been proven beneficial in
detecting tumors causing TIO since they variably express the
5 SSTRs, allowing SSTR-based functional imaging by octreo-
tide scintigraphy. In the literature, there are several reports of
scintigraphy using '"'In- and *™Tc-labeled octreotide (38-44).
This imaging modality is limited by 2-dimensional planar imag-
ing and a relatively poor spatial resolution, which is particularly
challenging because TIO tumors can be very small in size,
arise in bone or soft tissue, and occur from head to toe.

SSTRimaging can now be performed with positron emission
tomography (PET)/computed tomography (CT) imaging. Many
authors have reported successful tumor localization in TIO using
analogs of octreotide labeled with ®Ga (45-50). This patient
underwent ®Ga DOTAC-Ty® octreotide (*Ga-DOTATOC) PET/CT
imaging that showed a 4.5 x 1.7-cm intensely radiotracer-avid
subcutaneous soft tissue mass in the left anterior pelvic wall with
SUVmax 8.9 (Figure 2). There were also several non—gallium-avid
rib fractures (Figure 3) and mild diffuse cortical erosions involving
the right clavicle and lower extremities that were attributed to
osteomalacia.

The mass was surgically excised. Histologic examination
(Figure 4) revealed a well-circumscribed encapsulated nod-
ule composed of benign mature adipocytes and intimately
admixed round-to-plump mesenchymal cells that exhibited
cytologically bland nuclei and inconspicuous cytoplasm. The
mesenchymal cells grew in an infiltrative, dermatofibrosarcoma-
like pattern into the subcutaneous fat. Ropy collagen fibers, as
seen in a typical spindle cell lipoma, were absent. The ratio
of adipocytes to mesenchymal cells was variable across the
nodule. Some areas showed a predominance of adipocytes,

while others showed almost equal proportions of mesenchy-
mal cells and adipose tissue. Some blood vessels exhibited
a thick wall, while others displayed a thin delicate wall with a
hemangiopericytoma-like architecture. No osteoclasts, calcifi-
cations, or chondromyxoid or osteoid material were noticed.
The mesenchymal cells exhibited the following immunoprofile:
1) vimentin: strong diffuse expression; 2) S-100: negative; 3)
CD68: positive; and 4) CD34: focal expression. Although these
findings may lack some of the classical features described in
osteomalacia-associated mesenchymal tumors, such as cal-
cifications, chondroid and osteoid matrix, and osteoclasts, we
believe they highlight again the histopathologic heterogeneity of
these tumors, which is a frequent cause of their misdiagnosis
(561-53). Regardless of the tumor’s morphology, the hallmark
of the diagnosis of TIO is the association of the tumor with
the clinical syndrome of osteomalacia, hypophosphatemia,
elevated plasma FGF-23, and its disappearance after tumor
resection.

Our patient’s illness followed this expected course. Postop-
eratively, he reported a gradual improvement of his symptoms,
with a complete cure at 2 months. His serum phosphorus level
was normal (4 mg/dl) when checked 1 month after the surgical
removal of his tumor. He was last evaluated 18 months after his
surgery, and there was no clinical evidence of recurrence of his
disease at the time.

FINAL DIAGNOSIS

Tumor-induced osteomalacia.
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Risk of Hospitalized Infection and Initiation of Abatacept
Versus Tumor Necrosis Factor Inhibitors Among Patients
With Rheumatoid Arthritis: A Propensity Score-Matched

Cohort Study

Sarah K. Chen "#", Katherine P. Liao “*, Jun Liu, and Seoyoung C. Kim

Objective. We aimed to evaluate the comparative risk of hospitalized infection among patients with rheumatoid
arthritis (RA) who initiated abatacept versus a tumor necrosis factor inhibitor (TNFi).

Methods. Using claims data from Truven MarketScan database (2006-2015), we identified patients with RA ages
>18 years with >2 RA diagnoses who initiated treatment with abatacept or a TNFi. The primary outcome was a com-
posite end point of any hospitalized infection. Secondary outcomes included bacterial infection, herpes zoster, and
infections affecting different organ systems. We performed 1:1 propensity score (PS) matching between the groups
in order to control for baseline confounders. We estimated incidence rates (IRs) and hazard ratios (HRs) with 95%
confidence intervals (95% Cls) for hospitalized infection.

Results. We identified 11,248 PS-matched pairs of patients who initiated treatment with abatacept and TNFi with
a median age of 56 years (83% were women). The IR per 1,000 person-years for any hospitalized infection was 37
among patients who initiated treatment with abatacept and 47 in those who initiated treatment with TNFi. The HR
for the risk of any hospitalized infection associated with abatacept versus TNFi was 0.78 (95% CI 0.64-0.95) and
remained lower when compared to infliximab (HR 0.63 [95% CI 0.47-0.85]), while no significant difference was seen
when compared to adalimumab and etanercept. The risk of secondary outcomes was lower for abatacept for pulmo-
nary infections, and similar to TNFi for the remaining outcomes.

Conclusion. In this large cohort of patients with RA who initiated treatment with abatacept or TNFi as a first- or
second-line biologic agent, we found a lower risk of hospitalized infection after initiating abatacept versus TNFi,

which was driven mostly by infliximab.
INTRODUCTION

Rheumatoid arthritis (RA) patients are at increased risk of
infection compared to non-RA patients (1-3). Part of this elevated
risk is secondary to RA disease and is due to the impaired ability of
the immune system to recognize and fight off infections (4,5). While
new immunosuppressive therapies have led to dramatic improve-
ments in controlling RA disease activity and damage, the risk of
infection is further increased by immunosuppression, especially
with the use of biologic disease-modifying antirheumatic drugs
(DMARDs) (6,7). Tumor necrosis factor inhibitors (TNFi) and aba-
tacept are both biologic DMARDs, used either as monotherapy
or in combination with a nonbiologic DMARD, with comparable
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efficacy in the treatment of RA (8). However, the 2 therapies may
differ in the risk of infection with their use.

Infections are frequent adverse events associated with TNFi
therapy in RA and the risk of infection with TNFi use is higher than
with nonbiologic DMARD use (6,9,10). While randomized clinical
trial data for abatacept did not demonstrate increased risk of seri-
ous infections compared to placebo initially, subsequent studies
have reported increased incidence of serious infections with its
use, with reported IR for infection of 3.1 per 100 patient-years
(11-15). Although this rate is lower than the reported IR for TNFi of
6 per 100 patient-years (6), there is a paucity of studies that have
compared the 2 therapies directly. To date, no randomized clini-
cal trial has compared the risk of infections between the different
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SIGNIFICANCE & INNOVATIONS

+ The comparative safety from infection risk that is
associated with biologic immunosuppression with
TNF inhibitors (TNFi) versus abatacept in patients
with rheumatoid arthritis (RA) is unclear.

* In this propensity score-matched study of 11,248
pairs of patients with RA who initiated treatment
with abatacept or TNFi, the incidence rate and risk
of hospitalized infections were lower among those
who initiated treatment with abatacept (hazard ra-
tio 0.78 [95% confidence interval 0.64-0.95]).

* In subgroup analysis, the risk of infection for aba-
tacept remained lower when compared to those
who initiated treatment with infliximab, but not for
those who initiated treatment with etanercept and
abatacept.

+ Use of abatacept is associated with a lower risk of
hospitalized infections compared to TNFiamong RA
patients, particularly when compared to infliximab.

biologic therapies in RA. Previous observational studies have
compared the risk of infections between abatacept and TNFi with
mixed results (16-19). While some of these studies have demon-
strated a lower risk of infection with abatacept, in 1 study the risk
was similar between abatacept and TNFi (18).

Given similar efficacy between abatacept and TNFi as bio-
logic therapies for treatment of RA, one of the main determinants
in choosing between the medications is minimizing the risk of
infection. Therefore, the aim of this study was to compare the
risk of hospitalized infections among patients with RA who initi-
ate treatment with abatacept versus treatment with TNFi in the
real-world setting using a large US nationwide claims database.
We hypothesized that the rates and risk of hospitalized infection
would be lower among patients with RA who initiated treatment
with abatacept compared to treatment with TNFi.

MATERIALS AND METHODS

Data source and cohort definitions. \We used de-identified
medical and pharmacy claims data from the Truven MarketScan
database (January 1, 2006 to September 30, 2015), which contains
longitudinal, comprehensive health care data for most commercially
insured individuals in the US from all 50 states (20).

We identified RA patients ages 18 years and older with at
least 2 RA International Classification of Diseases, Ninth Revi-
sion (ICD-9) codes (714.xx) separated by 7-365 days (21).
Among these patients with RA, we selected those who were
new to treatment with abatacept or TNFi (adalimumab, certoliz-
umab, etanercept, golimumab, and infliximab) by the National
Drug Codes or J codes, with no dispensing of the medication
during at least 365 days of continuous enrollment preceding
the date of first dispensing (i.e., index date) of abatacept or

TNFi. Patients were required to have the second RA diagnosis
code on or before the index date. A diagram of the cohort
and study design is presented in Supplementary Figure 1,
available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23824/abstract. For
abatacept, we allowed patients to have been treated with
nonbiologic DMARDs or TNFi during the baseline period. For
those who initiated treatment with TNFi, we allowed patients
to have received treatment with nonbiologic DMARDs or aba-
tacept during the baseline period. We excluded patients who
were treated with rituximab, tocilizumab, or tofacitinib prior
to the index date from the 2 groups, because treatment with
other biologic DMARDs could affect the risk of infection during
follow-up. We also excluded patients with malignancy, renal
dialysis, HIV/AIDS, and history of solid or bone marrow trans-
plantation at baseline, as these are other known comorbidities
that would increase the risk of infection.

Study patients were followed from the day following index
date, until the earliest event of death, end of enrollment, switch-
ing of therapy from abatacept to TNFi or from TNFi to abatacept,
or outcome occurrence. In our primary analysis, we censored
patients using as-treated analysis, which used a threshold of
<30 days of treatment or dispensing gap. In a separate sensitiv-
ity analysis, we allowed for any gap in treatment and censored
patients at the last drug available date.

Data collection. During the 365-day period prior to the
index date, we collected baseline covariates that may be related
to infectious risk, including demographics (age, sex, calendar
year of index date, region of residence), comorbidities (includ-
ing hypertension, diabetes mellitus, obesity, smoking, alcohol
use, depression, cardiovascular disease, chronic renal disease,
chronic liver disease, pulmonary disease, viral hepatitis, inflam-
matory bowel disease), and hospitalization for infection by ICD-9
codes, and calculated combined comorbidity index at baseline
(22). We measured health care utilization characteristics, includ-
ing number of outpatient physician visits to primary care pro-
viders and specialists, emergency department visits, acute care
hospitalizations, history of influenza vaccination and pneumonia
vaccination, and number of unique generic drug prescriptions
at baseline.

We assessed the use of nonbiologic DMARDs, including
methotrexate, hydroxychloroquine, leflunomide, sulfasalazine,
cyclosporine, tacrolimus, azathioprine, auranofin, and penicil-
lamine. We also measured treatment with glucocorticoids as
any recent use in the 30 days prior to the index date, any treat-
ment during the 365 days prior to the index date, and cumu-
lative prednisone-equivalent dose for the 365-day baseline
period, calculated based on the total amount in milligrams of
prednisone prescribed. We assessed any baseline use of non-
steroidal antiinflammatory drugs, cyclooxygenase 2 enzyme
inhibitors, and proton-pump inhibitors. We also assessed the
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use of opioids, antibiotics, and zoster treatment during the
365 days of baseline, and recent treatment within 30 days
prior to the index date.

Outcomes. The primary outcome was the composite
end point of any hospitalized infection including bacterial, viral,
or opportunistic infection based on the principal diagnosis for
hospitalization. We assessed secondary outcomes of bacterial
infection, herpes zoster, and infections by affected organ system
(bone/joint, cardiac, gastrointestinal, genitourinary, respiratory,
skin/soft tissue, neurologic), based on the principal diagnosis
for hospitalization. We used ICD-9 codes to identify hospitalized
infection as previously described, with positive predictive value
>80% (16,23-25).

Statistical methods. We compared the baseline char-
acteristics of the abatacept and TNFi cohorts. To control for
over 40 potential confounders simultaneously, we gener-
ated propensity score (PS) for the predicted probability of a
patient initiating abatacept versus TNFi given patient char-
acteristics at baseline. We then performed a 1:1 PS nearest
neighbor matching using a caliper of 0.025 on the PS scale
(26). We compared the covariate balance after matching
using standardized differences, and considered the absolute
standard mean difference of <0.1 as balanced between the
2 matched groups (27). After PS matching, we estimated the
incidence rates (IRs) of the primary and secondary outcomes
per 1,000 person-years in the 2 treatment groups. We used
Cox proportional hazards models to estimate the hazard ratios

(HRs) and 95% confidence intervals (95% Cls) for primary and
secondary outcomes. In order to ensure that the proportional
hazards assumption was not violated, we included the interac-
tion term of exposure medication and survival time as a time-
dependent covariate in our Cox model.

We performed separate PS matching for abatacept ver-
sus the 3 most commonly prescribed TNFi (adalimumab,
etanercept, and infliximab) and calculated the IR per 1,000
person-years and HR for the primary outcome of any hospital-
ized infection. In another sensitivity analysis, we identified any
PS-matched patients who were treatment naive and had not
received either TNFi or abatacept in the baseline period and
calculated the IR and HR for primary and secondary outcomes.

All analyses were conducted using SAS, version 9.4. The
Institutional Review Board of the Brigham and Women'’s Hospital
approved this study.

RESULTS

We identified 13,015 patients with RA who had newly initiated
treatment with abatacept and 52,719 RA patients who had newly
initiated treatment with a TNFi (Figure 1). After 1:1 PS matching,
there were 11,248 pairs of patients who had initiated treatment
with abatacept and TNFi. Baseline covariates were balanced after
PS matching with absolute standardized mean difference <0.1.
Prior to matching, the abatacept cohort was slightly older (mean
+ SD age 54.8 + 12.8 years versus mean + SD age 52.1 + 12.8
years) with a higher proportion of women (83% versus 76%)
(Table 1). After PS matching, the abatacept cohort had a mean

Patients with >2 RA Dx 7-365 days apart
n=570,597

|

Abatacept Rx after 2" RA Dx
n=22,529

!

Abatacept initiators
without abatacept Rx in prior 365 days
n=16,906

!

Abatacept initiators
without Rx for rituximab, tofacitinib,
tocilizumab in prior 365 days
n=15,682

}

Abatacept initiators

|

TNFi Rx after 2" RA Dx
n=145,237

|

TNFi initiators
without TNFi Rx in prior 365 days
n=62,726

|

TNFi initiators
without Rx for rituximab, tofacitinib,
tocilizumab in prior 365 days
n=61,781

}

TNFi initiators

age >18, without malignancy, HIV/AIDS
renal dialysis, transplant
n=13,015

age >18, without malignancy, HIV/AIDS
renal dialysis, transplant
n=52,719

11,248 PS Matched Cohort

Figure 1. Flow chart of study cohort selection. RA = rheumatoid arthritis; Dx = diagnosis; Rx = prescription; TNFi = tumor necrosis factor

inhibitor; PS = propensity score.
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Table 1. Baseline characteristics of study cohorts, prior to and after 1:1 propensity score-matching*

Prior to matching

Propensity score-matched

Abatacept TNFi Abatacept TNFi
n=13015 n=>52,719 n=11248 n=11248
Demographics
Age, mean + SD years 54.8+12.8 521 +£12.8 553+12.8 555+12.7
Women 83 76 83 84
Region
Northeast 13 14 13 13
South 39 40 39 39
North central 21 22 21 21
West 15 16 15 15
Unknown 11 9 12 12
Comorbidities
Obesity 9 9 9 9
Smoking 12 12 12 13
Alcohol use 1 1 1 1
Depression 12 11 12 12
Diabetes 17 15 18 18
Hypertension 42 37 43 43
Hyperlipidemia 32 30 32 32
Cardiovascular disease 56 49 57 57
Heart failure 4 2 4 5
Pulmonary disease 19 16 20 20
Chronic kidney disease 4 3 4 4
Chronic liver disease 5 5 5 5
Viral hepatitis 1 1 1 1
Inflammatory bowel disease 1 3 1 1
Hospitalized infection 3 2 3 3
Combined comorbidity score, mean + SD 0.54 +1.38 0.38+1.18 0.57 +1.42 0.58 +1.43
Health care utilization
No. PCP visits, mean + SD 6.1+78 53+65 6.1+79 61+79
No. rheumatology visits, mean + SD 45+47 34+37 44+47 42+47
ED visits 37 28 31 31
Any hospitalization 17 13 18 18
No. unigue prescriptions, mean + SD 14.4+8.2 13.2+75 141 +83 141 +82
Flu vaccination 30 25 29 29
Pneumonia vaccination 7 8 7 7

* Values are the percent of patients unless indicated otherwise. TNFi = tumor necrosis factor inhibitor; PCP = primary

care physician; ED = emergency department.

age of 55.3 + 12.8 with 83% women, and the TNFi cohort had a
mean + SD age of 55.5 + 12.7 years with 84% women.

The prevalence of several comorbidities was slightly higher
among the abatacept cohort, including diabetes mellitus, hyper-
tension, cardiovascular disease, and pulmonary disease, but was
well balanced between the 2 cohorts after PS matching. The
combined comorbidity score was also higher among the aba-
tacept cohort compared to the TNFi cohort (0.54 + 1.38 versus
0.38 + 1.18), and after PS matching was similar between the 2
cohorts (0.57 + 1.42 versus 0.58 +1.43). Measures of health care
utilization were also generally higher in the abatacept cohort but
were balanced after PS matching. Baseline hospitalized infection
prevalence was 3% for both PS-matched cohorts.

Use of RA-related medication was well-balanced between
the PS-matched cohorts, although prior to matching there was
a lower prior use of methotrexate, hydroxychloroquine, and sul-
fasalazine in the abatacept cohort (Table 2). Steroid use was
prevalent among both cohorts at 30 days prior to the index date

(44% for abatacept, 42% for TNFi), and at 365 days prior (70%
versus 69%). Notably, 58% of the abatacept cohort had pre-
scription dispensing for TNFi in the baseline period, compared to
4% of TNFi cohort patients who had prescription dispensing for
abatacept.

The overall IR of the primary outcome for the composite end
point of any hospitalized infections in our PS-matched cohorts
was 36.7 per 1,000 person-years (95% Cl 31.8-42.3) for aba-
tacept compared to 47.4 per 1,000 person-years (95% Cl 41.5—
54.1) for TNFi using as-treated analysis allowing for <30 days gap
in treatment (Table 3). In the primary as-treated analysis allowing
for <30 days gap in treatment, the mean follow-up time on active
treatment was 0.46 + 0.70 years for the abatacept group, and
0.41 + 0.66 years for the TNFi group. The risk of hospitalized
infection in abatacept was lower compared to TNFi initiators with
aHR of 0.78 (95% Cl 0.64-0.95).

In our PS-matched sensitivity analyses between aba-
tacept and the 3 most common TNFi, we found that the HR
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Table 2. Baseline medications of study cohorts, prior to and after 1:1 PS matching*

Prior to matching PS-matched
Abataceptt TNFit Abatacepts TNFi8
Prior use of biologic DMARDs
Abatacept 0 2 0 4
TNFi 64 0 58 0
Adalimumab 24 0 16 0
Certolizumab 4 0 2 0
Etanercept 24 0 16 0
Golimumab 4 0 3 0
Infliximab 21 0 20 0
Prior use of nonbiologic DMARDs
Methotrexate 56 69 55 55
Hydroxychloroquine 23 27 23 23
Leflunomide 18 14 18 18
Sulfasalazine 9 12 9 8
Other# 8 5 8 8
Steroid use 70 69 68 67
Recent steroid use (30 days prior) 44 42 43 43

Steroids cumulative dose 365 days
(mg), mean + SD
Other medications

1,235.9(3,484.3)

1,184.7 (9,042.6) 1192.9(3,572.8)  1191.6(6,178.4)

Antibiotics 69 64 69 68
Recent antibiotics (30 days prior) 19 16 19 19
Antiviral for zoster 8 6 8 8
Recent antiviral for zoster 3 2 3 3
NSAIDs 44 54 43 42
COXIBs 1 1" 1 1"
Opioids 68 64 67 67
Recent opioids (30 days prior) 40 33 39 40
Proton-pump inhibitors 30 26 30 30

* Values are the percent of patients in the study cohort unless indicated otherwise. PS = propensity score; TNFi = tumor
necrosis factor inhibitor; DMARDs = disease-modifying antirheumatic drugs; NSAIDs = nonsteroidal antiinflammatory drugs.

tN=13,015.
¥ N=52,719.
§N=11,248.

# Other nonbiologic DMARDs included cyclosporine, tacrolimus, azathioprine, auranofin, penicillamine.

remained decreased for abatacept compared to infliximab
(HR 0.63 [95% CI 0.47-0.85]), but not statistically significantly
higher or lower when compared to adalimumab (HR 0.78 [95%
Cl 0.57-1.06]) and etanercept (HR 1.19 [95% CI 0.92-1.53])
(Table 4). In a separate sensitivity analysis, using as-treated
analysis that allowed for any gap in treatment, the risk of infec-
tion was attenuated toward the null. When we broadened our
outcome definition of infections using diagnosis codes at any
position and not limited to the principal diagnosis code for
hospitalization, the results were similar with HR of infection

for abatacept compared to TNFi of 0.79 (95% CI 0.68-0.92).
In secondary analyses assessing risk of separate types of
infections, the HR was lower for respiratory infections among
patients who initiated treatment with abatacept compared to
TNFi (Table 5). However, there was no significant difference in
the risk of the other types of infections between the abatacept
and TNFi cohorts.

Because patients who had initiated treatment with aba-
tacept could have been treated with TNFi previously, and
those who initiated TNFi could similarly have been previously

Table 3. Risk of hospitalized infection in abatacept versus TNFi initiation: 1:1 PS-matched analysis (n = 11,248)*

Abatacept TNFi
As-treated As-treated As-treated As-treated
(<30 days gap) (Any gap) (<30 days gap) (Any gap)
No. events 188 298 219 321
PYs 5,126 8,201 4,621 7,639
IR (95% CI)T 36.7(31.8-42.3) 36.3(32.4-40.7) 474 (41.5-54.7) 42.0(37.7-46.9)
HR (95% CI)t 0.78 (0.64-0.95) 0.86 (0.74-1.01) 1.0 1.0

* TNFi = tumor necrosis factor inhibitor; PS = propensity score; PYs = person-years; IR = incident rate; 95% Cl = 95% confidence

interval; HR = hazard ratio.
T Per 1,000 PYs.
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Table 4. Risk of hospitalized infection in abatacept versus adalimumab, etanercept, and infliximab: 1:1 PS-matched analyses*

Abatacept TNFi
Abatacept Abatacept Abatacept Abatacept Abatacept Abatacept
VS, VS. . VS, VS. VS.

adalimumab etanercept infliximab adalimumab etanercept infliximab
No. patients 3,737 4,550 2,118 3,737 4,550 2,118
No. events 77 128 85 12 104
PYs 2,668 3,161 1,677 2,306 3,284 1,573
IR (95% CI)T 28.9(231-36.1) 40.5(341-48.2) 41.8(33.0-52.8) 36.9(29.8-45.6) 34.1(28.3-41.1) 66.1 (54.5-80.1)
HR (95% CI) 0.78 (0.57-1.06) 1.19(0.92-1.53) 0.63(0.47-0.85) 1.0 (referent) 1.0 (referent) 1.0 (referent)

* See Table 3 for definitions.
T Per 1,000 PYs.

treated with abatacept, we conducted sensitivity analysis for
our primary and secondary outcomes for only patients who
were treatment naive to both therapies during the baseline
period (see Supplementary Table 1, available on the Arthritis
Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23824/abstract). After PS matching, we iden-
tified 4,574 treatment-naive patients who initiated abatacept
and an equal number of patients who initiated TNFi. The HR
for any hospitalized infection for abatacept compared to TNFi
was 0.87 (95% Cl 0.68-1.11).

DISCUSSION

Patients with RA are at increased risk of infections and
this risk is further increased with use of immunosuppressive
therapy. Whether there is a difference in infectious risk con-
ferred by different biologic DMARDs is unclear. In this US
nationwide study of patients with RA, we found that the IR
and risk of hospitalized infections were lower among patients
who initiated treatment with abatacept compared to TNFi. This
difference in risk appears to be mostly driven by lower infection
risk when compared to infliximab. In our secondary outcome
analysis, risk of respiratory infections (e.g., pneumonia, empy-
ema, upper respiratory tract infections) was also lower among

patients in the abatacept cohort compared to the TNFi cohort.
However, there was no significant difference in the risk of hos-
pitalized infections by the remaining types of infections or by
affected organ systems.

The IR for infections found in our study are similar to what
has been reported for abatacept and TNFi in the literature, with
reported IR for abatacept of 31 per 1,000 person-years, and
60 per 1,000 person-years for TNFi in separate studies (6,13).
Further, the results are in line with most of the other studies
that have compared the risk of infection between abatacept
and TNFi. In a previous cohort study using Truven MarketScan
data comparing the risk of infections in patients with RA who
were switching from first-line TNFi to rituximab, another TNFi,
or abatacept, the risk of infection was similar after switching
to abatacept versus rituximab (19). However, the infection risk
was higher for those switching to another TNFi compared to
rituximab. Similarly, a cohort study using Medicare data that
included RA patients who were previously treated with a bio-
logic agent and had newly switched to a different TNFi, ritux-
imab, tocilizumab, or abatacept found that the risk of 1-year
hospitalized infection was higher in the etanercept (HR 1.24
[95% CI 1.07-1.45]), infliximab (HR 1.39 [95% CI 1.21-1.60]),
and rituximab (HR 1.36 [95% CI 1.21-1.53]) groups compared
to abatacept as reference (17).

Table 5. Risk of secondary outcomes in 11, 248 patients for abatacept versus TNFi initiation: 1:1 PS-matched analysis for as-treated

(<80 days gap)*
Abatacept TNFi
No. R HR No. IR HR
events PYs (95% Cl) (95% Cl) events PYs (95% Cht (95% Cl)

Bacterial infection 100 5,160 19.4(15.9-23.6)  0.81(0.62-1.06) 112 4,621 24.0(20.0-28.9) 1.0
Herpes zoster 81 5141 15.8 (12.7-19.6) 1.00 (0.73-1.37) 73 4,639 15.7 (12.5-19.8) 1.0

By organ system
Bone/joint 7 5190 1.4(0.6-2.8) 0.91(0.32-2.60) 7 4,696 1.5(0.7-3.1) 1.0
Cardiac 0 5,191 - - 1 4,697 0.2 (<0.1-1.5) 1.0
Gastrointestinal 20 5,186 3.9(2.5-6.0) 0.75(0.41-1.35) 24 4,689 51(3.4-76) 1.0
Genitourinary 17 5185 3.3(2.0-5.3) (0.52-2.07) 15 4,690 3.2(1.9-5.3) 1.0
Respiratory 65 5,160 12.6(9.9-16.1) 0.71(0.52-0.99) 83 4,666 17.8 (14.4-22.1) 1.0
Skin/soft tissue 30 5179 5.8(4.1-8.3) 0.68 (0.42-1.09) 40 4,683 8.5(6.3-11.6) 1.0
Neurologic 1 5,191 0.2 (<0.1-1.4) 0.91 (0.06-14.5) 1 4,697 0.2 (<0.1-1.5) 1.0

* See Table 3 for definitions.
T Per 1,000 PYs.
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In another previous study that used administrative claims
data from 2005 to 2009, among RA patients who were initiating
or switching biologic DMARD therapy, those who were treated
with abatacept had lower rates of hospitalized infection com-
pared to infliximab (HR 0.68 [95% CI 0.48-0.96]) (16). The risk
of infection was also lower for treatment with adalimumab and
etanercept compared to infliximab in that study, while in our
study we observed a lower infection risk for abatacept compared
to infliximab (HR 0.63 [95% CI 0.47-0.85]), a numerically lower
risk for abatacept compared to adalimumab (HR 0.78 [95% ClI
0.57-1.06]), and similar risk for abatacept compared to etaner-
cept (Table 4).

In a predominantly male RA cohort of US veterans from
1998 to 2011, the risk of hospitalized bacterial infections was
similar between in patients treated with abatacept compared to
those treated with etanercept (HR 1.1 [95% CI 0.6-21]), with an
IR for abatacept of 28 per 1,000 person-years (95% Cl 17-47)
(18). These rates are in line with the findings in our study, with an
HR of 0.81 (95% Cl 0.62-1.06) for risk of hospitalized bacterial
infections between patients treated with abatacept compared to
those treated with etanercept and an IR for abatacept of 19.4
per 1,000 person-years (95% Cl 15.9-283.6). Additionally, similar
to the results of our study, previous studies that have compared
the risk of herpes zoster infections found no difference in the risk
of zoster infections between treatment with abatacept and TNFi,
with the IR of zoster infections slightly higher for abatacept in pre-
viously reported literature (IR 23.3 per 1,000 person-years [95%
Cl 20.4-26.7] in 1 study [28] and IR 18.7 per 1,000 person-years
[95% Cl 15.8-22.0] in another [29]) compared to our study IR of
15.7 per 1,000 person-years (95% Cl 12.7-19.6) in abatacept
and 15.7 per 1,000 person-years (95% ClI 12.5-19.8) in TNFi.

In our separate analysis comparing the risk of hospitalized
infection in patients who initiated treatment with abatacept versus
the 3 most commonly prescribed TNFi, we found that the lower
risk of hospitalized infection in those who initiated abatacept com-
pared to TNFi was driven mostly by infliximab initiation (HR 0.63
[95% CIl 0.47-0.85]). The risk remained numerically, not statisti-
cally, significant, lower for abatacept in comparison to adalimumab
initiation (HR 0.78 [95% 0.57-1.08]), but the infection risk associ-
ated with abatacept was noted to be not significantly higher versus
etanercept (HR 1.19 [95% CI 0.92—1.53]). These results are in line
with previous findings of lower risk of serious infections in patients
treated with etanercept compared to infliximab and adalimumab
in a prospective cohort of RA patients in a Dutch registry (30).
There are several potential explanations for this observed differ-
ence among TNFi. The peak concentration of infliximab (delivered
as an intravenous infusion) is higher than that of adalimumab and
etanercept, which are administered as subcutaneous injections
(31). Additionally, the clearance of etanercept is significantly higher
with lower steady-state drug level compared to infliximab and adal-
imumab, and the binding avidity to TNF subunits is lower for etan-
ercept (1:1 ratio), compared to infliximab (up to 3:1 ratio) (31,32).

Furthermore, etanercept is a TNF receptor fusion protein that binds
only circulating TNF, while infliximab is a monoclonal antibody
against TNF and additionally has a cytotoxic effect by binding to
cells that express TNF on their membranes (33).

Our study has several strengths as a large cohort of US
patients with RA in a nationwide database with a new user design
with active comparator. In comparison to the previously mentioned
studies, we used PS matching to minimize confounding by indi-
cation and control for imbalance among the abatacept and TNFi
treatment groups (including patient characteristics and regional
variation) and adjusted for a large number of baseline confounders
between the 2 cohorts (such as prior antibiotic and antiviral use
and history of vaccinations). We directly compared the IR and risk
of infection between abatacept and TNFi and found lower IR of
infections for abatacept compared to TNFi, similar to the reported
IR in the literature, and lower risk of infection among patients who
initiated treatment with abatacept. The reason for this decreased
risk of infection that was found in our study and previous studies
is unknown but may potentially be due to the fact that abatacept
indirectly blocks T cell costimulation rather than the mechanism of
direct inhibition of cytokines for TNFi (11).

In a separate as-treated analysis, allowing for any gap in
treatment, there was no significant difference in risk of infection
between the abatacept and TNFi cohorts. In our primary analysis,
we used an as-treated analysis with <30 days of gap in treatment,
which requires high treatment adherence. Using this design, we
observed a lower risk of hospitalized infection in those who initi-
ated treatment with abatacept. This suggests that there may be
selection bias for patients who are more adherent or continued
on therapy versus those who discontinue therapy for those taking
abatacept versus TNFi. Although it is not possible to ascertain the
reasons for stopping the therapy after initiation using claims data-
bases, one possibility is that there is a lower threshold to stop or
switch from TNFi therapy if there was concern of risk of infection
such as minor infections, which may lower the rates of hospital-
ized infections for TNFi compared to abatacept.

It is notable that in our study, which examined first-line or
subsequent-line initiation of abatacept or TNFi, 58% of the aba-
tacept cohort was previously taking TNFi in the baseline period
and would be classified as switchers, compared to only 4% of
TNFi cohort who had previously used abatacept. In our sensitiv-
ity analysis, among patients who were treatment naive to both
abatacept and TNFi, the lower risk of infection among those who
initiated treatment with abatacept compared to TNFi was attenu-
ated toward the null. This suggests a potential role of RA disease
severity of treatment history in addition to the types of biologics
on the risk of infection in patients with RA.

Our study has limitations. Although we used PS match-
ing for confounding control, there is still a concern for partially
measured covariates and lack of information on other covariates
that may affect risk of infection. For instance, RA disease activity
is an important factor that can affect the risk of infections (34),
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but is a covariate we are unable to capture in a claims data-
base (35-38). Therefore, we included measures of steroid use,
nonbiologic DMARD use, number of rheumatology visits, and
combined comorbidity index as covariates in our PS matching.
Steroid use, which was a covariate in our analysis, is another
important factor in risk of infections and may be indirectly
related to disease activity. However, there may be discrepan-
cies between the steroid dispensing measured in our study and
actual use by patients (39-41). We also attempted to assess
serostatus as a covariate but were limited by power because
<3% of patients in each cohort had available laboratory results.
Additionally, socioeconomic status and race/ethnicity are impor-
tant demographic factors in the US that contribute to health dis-
parities and outcomes that we were unable to collect and adjust
for in our study (42,43).

In this large nationwide cohort of patients with RA in the
US who initiated abatacept or a TNFi as a first- or second-line
biologic therapy, we found a lower risk of any hospitalized infec-
tions associated with abatacept versus TNFi, particularly in com-
parison to infliximab, suggesting that RA patients with specific
concerns about infections may benefit from the use of abatacept
compared to TNFi.
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Longitudinal Occurrence and Predictors of Patient-Provider
Discordance Between Global Assessments of Disease
Activity in Rheumatoid Arthritis: A Case-Control Study
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Objective. To identify longitudinal predictors of discordance between patients with rheumatoid arthritis (RA) and
their health care providers, where patient global assessment of disease activity is substantially higher than provider
global assessment.

Methods. This retrospective case—control study included 102 cases with positive discordance (i.e., 225 mm be-
tween patient and provider global assessments) and 102 controls without discordance who were matched for age,
sex, RA duration, and Clinical Disease Activity Index (CDAI) score. Data were collected at the baseline visit (date of
diagnosis or earliest available visit), the index visit (participation in a previous cross-sectional study), and at up to
11 additional visits before the index visit. Data included patient characteristics, disease activity measures, Disease
Activity Score in 28 joints (3-variable) using the C-reactive protein level (DAS28-CRP), and medications. Data were
analyzed by using linear and logistic regression models with smoothing splines for nonlinear trends.

Results. Overall, the mean age was 63 years, 75% of patients were female, and the mean RA duration was 10
years. Compared with controls, cases had higher rates of discordant visits during the 4 years before the index visit,
and they had a higher CDAI score and DAS28-CRP earlier in the disease course. Cases more frequently had antinu-
clear antibodies, nonerosive disease, prior depression, or prior use of antidepressants or fiboromyalgia medications.
Disease-modifying medication use was not different between cases and controls.

Conclusion. The findings inform new hypotheses about the relationships of disease activity and antinuclear anti-

bodies to the later occurrence of positive discordance among patients with RA.

INTRODUCTION

Discrepancy in assessments of health status is quite common
between patients with rheumatic diseases and their health care
providers (1). Among patients with rheumatoid arthritis (RA), dis-
cordance between patients and their providers in the global assess-
ment of disease activity, in which the patient’s global assessment
is substantially higher (i.e., >25 points on a scale from 0 to 100)
than the provider’s global assessment, is present in approximately
30% of clinical encounters (2-5). Although management of RA has
changed dramatically over the past decades, patient-provider dis-
cordance is clearly prevalent. The treat-to-target and tight control
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strategies have become important in the management of RA (6,7).
However, current treatment guidelines do not provide specific
guidance for addressing patient-provider discordance in relation
to diagnosis, treatment, or medical decision-making. Limited evi-
dence to date suggests that positive discordance is predictive of
adverse health-related quality of life, loss of work productivity, and
activity impairment at 36 weeks of follow-up (8) and at 2 years of
follow-up (9). Addressing these issues in a comprehensive manner
should be a major goal of providers for improving patient outcomes
and health-related quality of life (8,9).

Little is known about the occurrence of patient-provider dis-
cordance. Although many cross-sectional studies have shown the
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SIGNIFICANCE & INNOVATIONS

* This study is, to the best of our knowledge, among
the first to evaluate longitudinal data recorded
before positive discordance is identified between
patients with rheumatoid arthritis (RA) and their
health care providers in global assessments of dis-
ease activity, to identify patient-level predictors and
to determine the impact of discordance on treat-
ment decisions.

+ The main finding is that patients affected by pa-
tient-provider discordance may have higher dis-
ease activity earlier in the disease course, according
to the Clinical Disease Activity Index score and the
Disease Activity Score in 28 joints (3-variable) using
the C-reactive protein level compared with patients
with concordant patient-provider global assess-
ments.

+ Other new predictors included positive antinuclear
antibodies, nonerosive disease, a history of depres-
sion, and previous use of antidepressant or fibro-
myalgia medications.

+ Future research should explore new hypotheses
about the relationships of uncontrolled clinical
disease activity and the presence of antinuclear
antibodies to the eventual occurrence of positive
discordance among patients with RA.

prevalence of discordance among patients with RA (2,3,10-13),
few studies have investigated how frequently discordance occurs
during the disease course and whether discordance persists or
resolves after it has occurred (8,9,14). Previous studies have iden-
tified numerous potential causes, especially pain due to inflamma-
tory and noninflammatory processes, fatigue, functional disability,
depression, psychological distress, low health literacy, and prob-
lems with patient-provider communication (2,3,8,10). However,
few longitudinal studies have identified predictors of future patient-
provider discordance (8,9,14). Knowledge of the predictors of dis-
cordance is critical to the design and development of strategies
for identification and management to lessen or prevent the occur-
rence of discordance. Hence, the objectives of our study were to
determine the persistence of discordance over time, to identify
predictors of future discordance, and to evaluate the impact of
discordance on RA treatment decisions.

PATIENTS AND METHODS

Study design and patient population. This was a
retrospective case—control study of 204 patients classified as
having RA, identified from our previous cross-sectional study
(13) of 350 consecutive patients with a clinical diagnosis of RA
or inflammatory arthritis who were evaluated at Mayo Clinic
in Rochester, Minnesota, between September 2014 and May
2015 (Figure 1). All the study patients fulfilled the 2010 Ameri-
can College of Rheumatology (ACR)/European League Against

RA clinical
population
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Figure 1. Design of the case—control study. Cases with discordance
and controls with concordance between patient and provider global
assessments of disease activity were identified at the index visit
and matched for age, sex, rheumatoid arthritis (RA) duration, and
Clinical Disease Activity Index score. Exposure data were collected
at baseline (i.e., the date of diagnosis or earliest available visit when
patient and provider global assessments were available) and at up to
11 clinical visits between the baseline and index visits.

Rheumatism (EULAR) classification criteria for RA (15), were
ages >18 years, and resided within 250 km of Mayo Clinic
in Rochester, Minnesota. The index visit was defined as the
visit from our previous cross-sectional study on discordance.
Cases were defined as having positive discordance (i.e.,
patient global assessment of disease activity >25 mm more
than the rheumatology care provider global assessment) at the
index visit, and controls were defined as having concordance
(i.e, the difference between the patient and provider global
assessments was <25 mm) at the index visit. For each of the
102 cases, 1 control was matched for age (= 5 years; median
1.6 years between matched pairs), sex, RA duration (x10
years; median 2.2 years between matched pairs), and Clinical
Disease Activity Index (CDAI) score (<10 versus >10) (5). In
our practice, patients generally return to see the same pro-
vider for follow-up visits. The Mayo Clinic Institutional Review
Board approved the study and granted a waiver for informed
consent. Before abstracting records, we verified that no par-
ticipants denied use of their medical records for research,
according to Minnesota law.

Data collection. Data were collected from the electronic
health records at the baseline visit (defined as the date of diagno-
sis or earliest available visit when both patient and provider global
assessments were available), the index visit, and up to 11 addi-
tional clinical visits before the index visit over the previous 3 to
4 years (Figure 1). At the baseline visit, study variables included
duration of symptoms, date of diagnosis, radiographic evidence
of erosions, first conventional synthetic or biologic disease-
modifying antirheumatic drug (DMARD) used, results of testing for
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rheumatoid factor, anti—cyclic citrullinated peptide antibodies, or
antinuclear antibodies (ANAs), and use of prednisone, opioids, or
antidepressants. Use of methotrexate in the first 6 months after
diagnosis was also determined.

Data from each clinical visit included the patient and pro-
vider global assessments with the visual analog scale (VAS; range
0-100 mm), pain VAS (range 0-100 mm), tender and swollen
joint counts (range 0-28), Health Assessment Questionnaire |l
(HAQ-II) score (16), CDAI score (17), Disease Activity Score in 28
joints (3-variable) using the C-reactive protein level (DAS28-CRP)
(18,19), radiographic evidence of erosions, erythrocyte sedimen-
tation rate (ESR), and the CRP level. Differences between patient
and provider global assessments were calculated for each visit,
and a discordant visit was defined as any visit with a difference of
>25 mm. Recorded data also included information on the initiation
or modification of treatment with conventional synthetic or bio-
logic DMARDs or glucocorticoids and with opioids, fibromyalgia
medications (e.g., duloxetine, pregabalin, and milnacipran), anti-
depressants, or anxiolytics. For each visit, the presence of comor-
bidities was also abstracted; these included depression, anxiety,
fioromyalgia, and osteoarthritis, and were defined by any history
of physician diagnosis.

Statistical analysis. Descriptive statistics (e.g., mean and
percentage) were used to summarize the data for cases and con-
trols. Comparisons between groups were performed with the chi-
square and Wilcoxon’s rank sum tests, and conditional logistic
regression models were adjusted for time from the baseline visit
to the study visit. Trends over time in characteristics of interest
were examined by using generalized linear models with random
effects to account for multiple visits per patient. Interactions were
examined between case and control status and rates of change
in patient characteristics. Smoothing splines were used to exam-
ine potential nonlinear trends and to plot the trends over time.
Analyses were performed with SAS software, version 9.4, and R
software, version 3.1.1.

RESULTS

Patient characteristics at the index discordant visit.
The study cohort included 102 cases and 102 controls (Table 1).
The majority of patients in both groups were non-Hispanic white,
and 75% were female. At the index visit, the mean age was 63
years, the mean RA duration was 10 years, the mean CDAI score
was 12 for both cases and controls (P = 0.15), and the mean

Table 1. Patient characteristics at baseline and index visit for cases with patient-provider discordance and control*

Baseline visit Index visit
Characteristic Controls Cases P Controls Cases P
Patient global assessment (range 25+227 42 +£24.0 <0.001 314243 59+16.0 <0.001

0-100), mm
Provider global assessment 29+283 24+194 0.94 29+237 16+11.6 <0.001

(range 0-100), mm
CDAl score 11 +10.8 15+10.6 0.001 12+115 12+79 0.15
CDAI category, no. (%) - - 0.02 - - 0.58

Remission or low disease 48 (59) 25(39) - 55 (54) 51 (50) -

activity (10)

Moderate or high disease 33 (41) 39 (61) - 47 (46) 51 (50) -

activity (>10)

Unknown, no. 21 38 - 0 0 -
DAS28-CRP 28+1.2 35+13 0.001 29+1.0 3.0+1.2 0.99
DAS28-CRP category - - 0.002 - - 0.54

Remission or low disease 43 (70) 21 (41) - 52 (67) 54 (62) -

activity (£3.2), no. (%)

Moderate or high disease 18 (30) 30 (59) - 26 (33) 33(38) -

activity (>3.2), no. (%)

Unknown, no. 1 51 - 24 15 -
Pain VAS (0-100), mm 31+26.7 45+239 <0.001 35+26.7 58 +20.9 <0.001
HAQ-II score 06+07 09+07 0.001 07+06 1.0+0.6 <0.001
Tender joint count (0-28) 34+64 52+6.2 0.002 3.4+57 3.0+5.0 0.67
Swollen joint count (0-28) 26+48 31+34 0.02 28+43 2.8+10.1 0.22
ESR, mm/hour 126+119 171 +16.8 0.08 12.7+119 15.8+16.0 0.41
CRP, mg/liter 58+54 9.6 +14.0 013 8.2+149 74+76 0.49
Education level 0.99

Not a high school graduate, - - - 5(5) 5(5) -

no. (%)

High school graduate, no. (%) - - - 26(27) 29(31) -

Beyond high school graduate, - - - 65 (68 60 (64 -

no. (%)

Unknown, no. - - - 6 8 -

* Values are the mean + SD unless indicated otherwise. For both cases and controls, n = 102. CDAI = Clinical Disease Activity Index;
DAS28-CRP = Disease Activity Score in 28 joints (3-variable) using the C-reactive protein level; VAS = visual analog scale; HAQ-II = Health

Assessment Questionnaire II; ESR = erythrocyte sedimentation rate.
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Table 2. Predictors of patient-provider discordance

Control Case OR
Characteristic (n=102) (n=102) (95% Cht
At baseline visit
ANA, positive 13/80 (16) 25/80(31) 3.42(1.21-9.63)
Discordance (patient global minus provider global), -4+ 28 22+23 1.74(1.30-2.32)%
mean + SD mm
CDAI score per 12-unit change, mean + SD 10.8 +£10.8 15.4+10.6 1.72 (1.04-2.85)
Time from baseline to study visit, mean + SD years 26+12 26+12 0.86 (0.61-1.20)
RF or anti-CCP antibodies, positive 79/100 (79) 70/100 (70) 0.68 (0.35-1.31)
At diagnosis of RA
Use of methotrexate in first 6 months 63/101 (62) 73/100 (73) 1.67 (0.88-3.16)
Radiographic evidence of erosions, no. (%) 16 (16) 16 (16) 1.09 (0.49-2.38)
Prednisone use, no. (%) 65 (64) 71 (71) 1.32(0.72-2.39)
At or before the index discordant visit
Antidepressant use, no. (%) 7 20 (20) 2.87(1.21-6.80)
Fibromyalgia medication use, no. (%) 7 18 (18) 3.20(1.17-8.74)
Fibromyalgia, no. (%) 10 18 (18) 2.14(0.74-5.26)
Depression, no. (%) 27 40(39) 1.94(1.02-3.71)
Osteoarthritis, no. (%) 54 63(62) 1.55(0.83-2.90)
Opioid use, no. (%) 26 39(38) 1.77(0.94-3.22)
NSAID use, no. (%) 71 74 (73) 1.14(0.63-2.06)
DMARD/biologic modification, no. (%) 76 79(77) 116 (0.62-2.18)
Anxiety, no. (%) 19 (19) 13(13) 0.67(0.32-1.38)
Radiographic evidence of erosions 56/101 (55) 39/99 (39) 0.43(0.22-0.83)

* Values are the number of participants/number of participants with available data if less than 102 (%), unless indicated otherwise.
OR = odds ratio; 95% Cl = 95% confidence interval; ANA = antinuclear antibody; CDAI = Clinical Disease Activity Index; RF = rheumatoid
factor; CCP = cyclic citrullinated peptide; RA = rheumatoid arthritis; NSAID = nonsteroidal antiinflammatory drug; DMARD = disease-

modifying antirheumatic drug.

T ORs from conditional logistic regression models adjusted for time from baseline to study visit.

¥ OR reported per 10-unit increase.

DAS28-CRP was 3.0 for cases and 2.9 for controls (P = 0.99).
The mean + SD patient global assessment was 59 + 16.0 for

cases and 31 + 24.3 for controls (P < 0.001).

Associations of discordance with baseline disease
characteristics. The mean + SD number of visits was similar
between cases (6.3 + 2.9) and controls (5.9 + 2.7) (P = 0.33). For
both groups, the mean + SD time between baseline and index
visits was 2.6 + 1.2 years (median 3.0 years; maximum 4.0 years).

At baseline, the mean + SD patient global assessment was 42
+ 24.0 mm for cases and 25 + 22.7 mm for controls (P < 0.001).
The mean + SD CDAI score was 15 + 10.6 for cases and 11 =
10.8 for controls (P = 0.001); similarly, the mean + SD DAS28-
CRP was 3.5 + 1.3 for cases and 2.8 + 1.2 for controls (P < 0.001)
(Table 1). According to both the CDAI score and the DAS28-CRP
at baseline, a higher proportion of cases had moderate or high
disease activity, whereas a higher proportion of controls was in
the remission or low disease activity category; the proportion of
patients in the remission or low disease activity category was sim-
ilar between the cases and controls at the index visit.

At RA diagnosis, no significant differences were observed
between cases and controls in the prevalence of comorbid oste-
oarthritis (32% versus 25%) or fiboromyalgia (2% versus 4%). Pain
levels were higher for cases compared with controls at baseline.
At the index visit, 53% of controls and 62% of cases had a clinical

diagnosis of osteoarthritis, and 10% of controls and 18% of cases
had a clinical diagnosis of fibromyalgia (Table 2).

Trends in patient-provider discordance over time.
Analysis of the trends before the index discordant visit showed
that the patient global assessment increased annually by an aver-
age of 2.4 mm among controls and 3.7 mm among cases; these
values equate to 3-year changes of 7 mm among controls and 11
mm among cases (interaction P = 0.26), while the provider global
assessment did not change for controls (average change 0.3 mm
over 3 years) and decreased by 11 mm over 3 years on average
for cases (interaction P = 0.008) (Figure 2). Examination of the
differences between the patient and provider global assessments
over time showed that the patient global assessment was 20 mm
more, on average, than the provider global assessment before
the study visit, and this discordance increased over 3 years by
21 mm, on average, among the cases and by only 6 mm among
controls (interaction P = 0.001). Analysis of trends for individual
patient-provider dyads revealed evidence of variability, with some
patients and providers alternating between discordance and
concordance over time (data not shown). However, a greater
percentage (70.7% versus 30.0%; P < 0.001) and higher rate of
discordant visits (1.6 versus 0.6; P < 0.001) was observed for
cases compared with controls, providing evidence of a tendency
of positive discordance to recur or persist.
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Figure 2. Trends in clinical assessment according to the number of years before the index visit. A, Patient global assessment (GA); B, Pain
visual analog scale (VAS); C, Provider GA; D, Patient-provider discordance (patient GA minus provider GA). Cases had positive patient-provider

discordance; controls had concordance. The values are means.

The mean CDAI score was similar between cases and con-
trols at the index visit because of matching, but at the baseline
visit, the CDAI score was higher among cases than controls
(Figure 3). On average, over 3 years the CDAI score increased by
2.4 units among controls and decreased by 2.4 units among cases
(interaction P = 0.004). Pain VAS was consistently higher among
cases compared with controls throughout the study period; on
average, pain VAS increased by 6 mm among controls and 10
mm among cases over 3 years, but these increases were not
significantly different from each other (interaction P = 0.24). The
tender joint counts did not change over time among the controls
but decreased significantly among the cases by 1.4 joints over 3
years (interaction P = 0.04), whereas CRP levels increased by 2.7
mg/liter on average over 3 years among controls and did not
change significantly among cases (interaction P = 0.02). No sig-
nificant differences in mean levels or rates of change were noted
between cases and controls for the swollen joint count or HAQ-II.

Predictors of discordance. Baseline predictors of
future discordance were the patient global assessment (odds
ratio [OR] 1.41 per 10-unit increase [95% confidence interval

(95% Cl) 1.20-1.64]), pain VAS (OR 1.26 per 10-unit increase
[95% CI 1.11-1.44]), and the CDAI score (OR 1.72 per 12-unit
increase [95% Cl 1.04-2.85]). ANA positivity was associated
with higher odds of future occurrence of discordance (Table 2).
Use of methotrexate during the first 6 months of diagnosis was
also associated with higher odds of discordance. Previous use
of antidepressants (OR 2.87 [95% CI 1.21-6.80]) or fibromy-
algia medications (OR 3.20 [95% CI 1.17-8.74]) was signif-
icantly associated with discordance. Clinical diagnoses of
fioromyalgia (OR 2.14 [95% CI 0.74-5.26]) or depression (OR
1.94 [95% CI 1.02-3.71]) were associated with discordance,
while previous use of nonsteroidal antiinflammatory drugs and
initiation or modification of treatment with conventional or bio-
logic DMARDs were not statistically significant. Radiographic
evidence of erosions was associated with lower odds for the
occurrence of discordance (OR 0.43 [95% CI 0.22-0.83]).

Impact of discordance on treatment decisions. No
differences were identified between cases and controls in the
cumulative numbers of additions or modifications of the DMARD
regimen (77% versus 75%) or in treatment with conventional or
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Figure 3. Trends in clinical disease according to the number of years before the index visit. A, Clinical Disease Activity Index (CDAI) score;
B, C-reactive protein (CRP) level; C, Tender joint count; D, Swollen joint count. Cases had positive patient-provider discordance; controls had

concordance. The values are means.

biologic DMARDs between cases with positive patient-provider
discordance and controls (data not shown; all P > 0.05). Further
analysis of treatment changes adjusted for disease activity level
at the time of the decision did not reveal significant differences
between cases and controls (P = 0.66).

DISCUSSION

This study is the first, to our knowledge, to evaluate the evo-
lution of discrepancy between patient and provider global assess-
ments by using electronic health record data collected during
routine patient care. The cases were patients with positive patient-
provider discordance in our previous cross-sectional study; the
controls, with patient global assessments that were concordant
with the provider global assessments, were selected from the
same study population. This innovative approach enabled us to
identify predictors of future positive discordance according to
data collected earlier in the disease course. The findings provide
new information that illuminates several factors that may contrib-
ute to the development of patient-provider discordance.

First, the findings show how discordance between patients
and their health care providers evolves during the disease course.
The patients with positive discordance at the index visit tended
to have persistently higher global assessments compared with
the provider global assessment for 3 to 4 years before the index
visit. Both the percentages and the rates of discordant visits were
significantly higher for cases than for controls before the index
visit. Analysis of the trends in discordance over time (Figure 2)
suggested that the determinants of discordance were already
present earlier in the disease course, although there is evidence
of discordance accentuation in the 6 to 12 months before the
index date.

Second, and of key importance, the results suggested that
cases with discordance have higher clinical disease activity than
controls during the 3 to 4 years before the index visit according
to the CDAI score and its individual components (Table 1 and
Figure 3). Matching by CDAI category was done to minimize
confounding by absolute composite disease activity states at
the index visit. Considering the potential for circularity in the use
of the baseline CDAI score (which incorporates the patient and
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provider global assessments) to predict the patient-provider dis-
cordance at the index visit, we also analyzed data for the DAS28-
CRP, which contains neither the patient global assessment nor
the provider global assessment but does include the CRP result.
The finding of a higher mean DAS28-CRP and a higher proportion
of patients with moderate or high disease activity at baseline
(according to DAS28-CRP) mirrored the findings for the CDAI
score. Higher disease activity translated into higher HAQ-II phys-
ical disability at the baseline visit. The CRP and ESR values at
baseline were also higher numerically for cases than for controls,
although the differences were not statistically significant. Overall,
the patterns showed more inflammatory disease activity in cases
than in controls preceding the development of patient-provider
discordance, rather than higher CDAI scores due solely to the
higher patient global assessment. The elevations of the disease
activity measures for cases trended downward and matched the
disease activity for the controls by 2 years after the baseline visit.
In contrast, the pain and HAQ-II disability scores trended upward
among cases with discordance during the time before the index
visit. These findings suggest that gaps in the detection of disease
activity and the treat-to-target strategy may in some way under-
gird the development of patient-provider discordance.

We can only speculate on possible explanations for these
findings. Persistence of inflammatory disease activity that is either
unrecognized by the provider or has responded inadequately to
DMARD therapy could contribute to structural joint damage, to
secondary degenerative disease, or to the development of periph-
eral or central pain sensitization later in the disease course. Pre-
vious studies have clearly shown that pain is the most important
correlate of positive discordance (5), and fibromyalgia has been
shown to be an important correlate of discordance in this study
population (13). Any of these outcomes could contribute to a
scenario in which the patient’s symptoms are not directly caused
by inflammation and would be less likely to respond to treatment
with DMARDs. Lack of improvement despite appropriate DMARD
therapy could be expected to cause uncertainty in the clinician’s
mind and contribute to the provider global assessment being
lower than the patient global assessment (20).

Third, the association between positive discordance and lack of
radiographic evidence of joint erosions earlier in the disease course
is an important finding because it suggests that factors associated
with nonerosive disease contribute to the development of patient-
provider discordance. The nature of these factors is unclear, but
provider bias created by the awareness of nonerosive disease may
be a factor. The presence of erosions has been previously defined
by both the ACR and EULAR as a feature that carries a poor prog-
nosis (6,7). This association could be a contrast effect: the provid-
er's knowledge of the absence of erosions creates a mindset, or
bias, that the patient has mild disease in contrast to other patients
who have joint erosions and severe disease; hence, the provider is
more likely to assess the disease activity as low despite the patient’s
view that the disease activity is high (i.e., positive discordance).

Fourth, and unexpectedly, ANA positivity was a predictor
of positive discordance in this study. It seems unlikely that this
association could be explained by misdiagnosis of RA in patients
who truly have systemic lupus erythematosus or other connec-
tive tissue diseases. Among patients with RA, ANA positivity is
associated with a unique genetic profile (21), and among healthy
patients, the presence of ANA and other autoantibodies is asso-
ciated with the interferon signature, despite the absence of fea-
tures of overt systemic lupus erythematosus (22). ANA positivity
is predictive of an inadequate response to tumor necrosis factor
inhibitor therapy among patients with RA (23,24), and this treat-
ment nonresponse may be mediated by increased interferon-[3
activity (25). These findings underscore the known heterogene-
ity in the pathophysiology of RA and the need to better stratify
patients according to dominant immunologic mechanisms, which
would facilitate precision medicine. Ultimately, improved tailoring
of treatment to the underlying immunopathogenesis could lead to
better health outcomes for patients.

Fifth, the current study highlights the impact of various
comorbidities on the development of patient-provider discor-
dance. Previous studies have shown that positive discordance is
associated with concurrent and historical depression and fibromy-
algia (2,13,26). The temporal course of these comorbidities is not
clear from our findings. If future studies further track the evolution
of these concomitant disorders, clinicians will better understand
the pathogenesis and be able to devise preventive strategies.

Finally, the results of this study suggest that discordance
does not affect the decision to modify DMARD therapy. Wolfe
and Michaud (27) reported on another type of discordance that
was characterized by patients declining to receive intensified
treatment with DMARDs in the face of active disease because of
their fear of feeling worse or experiencing adverse effects. In the
DUO (epidemiologic study of treatment decision in RA: doctor-
reported outcomes and patient-reported outcomes) study by
Dougados et al (28), DMARD intensification was predominantly
based on patient factors. Patients with low-to-moderate dis-
ease activity reportedly often felt no need to change therapy
unless they were considerably affected by their current disease
state (29). The most likely explanation is that the patients’ dis-
ease experiences are currently not well integrated into shared
decision-making about treatment options. Further work is nec-
essary to integrate patient-reported outcomes into systems of
rheumatologic care and medical decision-making, particularly
when positive discordance exists.

Potential limitations of the current study, which was per-
formed at a single academic center, include its retrospective
observational design, which precludes assessment of causa-
tion between the baseline factors and later discordance.
Patients and providers inherently differ in how they assess the
disease, representing a challenge to establishing concordant
assessments of global disease activity. Although patients gen-
erally return to see the same provider in our practice, patients
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may occasionally have been seen by different providers at fol-
low-up, which could have confounded the analysis of the lon-
gitudinal changes in patient-provider discordance. CDAI and
DAS28-CRP data were missing at baseline for some patients,
but it is reassuring that the degree of missing data was similar
for cases and controls. Data from the time of RA diagnosis
were not available for all patients, limiting our ability to make
inferences about the development of discordance during the
early stage of the disease. Although patient education, health
literacy, socioeconomic status, provider characteristics, and
patient-physician communication are all related to discor-
dance, they were not assessed in this study. Finally, the racial
and ethnic homogeneity of the study population may limit gen-
eralizability to more diverse populations.

In conclusion, the time course for the development of
positive discordance indicates that some of the determinants
of discordance are present earlier in the disease course. The
findings provide evidence of practice gaps in the diagnosis
and treat-to-target strategy of inflammatory disease activity
(particularly among patients with nonerosive disease) and of
comorbidities (particularly depression and fibromyalgia) that
lead to patient-provider discordance. The findings of this study
suggest that abrogation of the inflammatory activity of RA and
management of associated comorbidities such as depression
and fibromyalgia might help reduce patient-provider discor-
dance. Future studies are needed to identify the mechanisms
by which ANA-positive status without a clinical diagnosis of
connective tissue disease contributes to a greater likelihood of
future discordance.

AUTHOR CONTRIBUTIONS

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

Study conception and design. Challa, Kvrgic, Crowson, Davis.
Acquisition of data. Challa, Kvrgic, Crowson, Matteson, Mason, Michet,
Schaffer, Wright, Davis.

Analysis and interpretation of data. Challa, Kvrgic, Crowson, Davis.

REFERENCES

1. Castrejon |, Yazici Y, Samuels J, Luta G, Pincus T. Discordance of
global estimates by patients and their physicians in usual care of
many rheumatic diseases: association with 5 scores on a Multidi-
mensional Health Assessment Questionnaire (MDHAQ) that are not
found on the Health Assessment Questionnaire (HAQ). Arthritis Care
Res (Hoboken) 2014;66:934-42.

2. Barton JL, Imboden J, Graf J, Glidden D, Yelin EH, Schillinger
D. Patient-physician discordance in assessments of global dis-
ease severity in rheumatoid arthritis. Arthritis Care Res (Hoboken)
2010;62:857-64.

3. Khan NA, Spencer HJ, Abda E, Aggarwal A, Alten R, Ancuta C,
et al. Determinants of discordance in patients’ and physicians’ rating
of rheumatoid arthritis disease activity. Arthritis Care Res (Hoboken)
2012;64:206-14.

20.

Nicolau G, Yogui MM, Vallochi TL, Gianini RJ, Laurindo IM, Novaes
GS. Sources of discrepancy in patient and physician global as-
sessments of rheumatoid arthritis disease activity. J Rheumatol
2004;31:1293-6.

Desthieux C, Hermet A, Granger B, Fautrel B, Gossec L. Patient-
physician discordance in global assessment in rheumatoid arthritis:
a systematic literature review with meta-analysis. Arthritis Care Res
(Hoboken) 2016;68:1767-73.

Smolen JS, Breedveld FC, Burmester GR, Bykerk V, Dougados M,
Emery P, et al. Treating rheumatoid arthritis to target: 2014 update of
the recommendations of an international task force. Ann Rheum Dis
2016;75:3-15.

Singh JA, Saag KG, Bridges SL Jr, Akl EA, Bannuru RR, Sullivan
MC, et al. 2015 American College of Rheumatology guideline for
the treatment of rheumatoid arthritis. Arthritis Care Res (Hoboken)
2016;68:1-25.

Smolen JS, Strand V, Koenig AS, Szumski A, Kotak S, Jones TV.
Discordance between patient and physician assessments of glob-
al disease activity in rheumatoid arthritis and association with work
productivity. Arthritis Res Ther 2016;18:114.

Karpouzas GA, Ramadan SN, Cost CE, Draper TL, Hernandez E,
Strand V, et al. Discordant patient-physician assessments of disease
activity and its persistence adversely impact quality of life and work
productivity in US Hispanics with rheumatoid arthritis. RMD Open
2017;3:e000551.

. Studenic P, Radner H, Smolen JS, Aletaha D. Discrepancies be-

tween patients and physicians in their perceptions of rheumatoid
arthritis disease activity. Arthritis Rheum 2012;64:2814-23.

. Kaneko Y, Kuwana M, Kondo H, Takeuchi T. Discordance in global

assessments between patient and estimator in patients with newly di-
agnosed rheumatoid arthritis: associations with progressive joint de-
struction and functional impairment. J Rheumatol 2014;41:1061-6.

. Furu M, Hashimoto M, Ito H, Fuji T, Terao C, Yamakawa N, et al.

Discordance and accordance between patient’s and physician’s as-
sessments in rheumatoid arthritis. Scand J Rheumatol 2014;43:291-5.

. Challa DN, Kvrgic Z, Cheville AL, Crowson CS, Bongartz T, Mason

TG Jr, et al. Patient-provider discordance between global assess-
ments of disease activity in rheumatoid arthritis: a comprehensive
clinical evaluation. Arthritis Res Ther 2017;19:212.

. Ward MM, Guthrie LC, Alba MI. Standards of comparison and dis-

cordance in rheumatoid arthritis global assessments between pa-
tients and clinicians. Arthritis Care Res (Hoboken) 2017;69:1260-5.

. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO

IIl, et al. 2010 rheumatoid arthritis classification criteria: an American
College of Rheumatology/European League Against Rheumatism
collaborative initiative. Arthritis Rheum 2010;62:2569-81.

. Wolfe F, Michaud K, Pincus T. Development and validation of the

health assessment questionnaire II: a revised version of the health
assessment questionnaire. Arthritis Rheum 2004;50:3296-305.

. Aletaha D, Smolen JS. The Simplified Disease Activity Index and

Clinical Disease Activity Index to monitor patients in standard clinical
care. Rheum Dis Clin North Am 2009;35:759-72.

. Inoue E, Yamanaka H, Hara M, Tomatsu T, Kamatani N. Comparison

of Disease Activity Score (DAS)28- erythrocyte sedimentation rate
and DAS28- C-reactive protein threshold values. Ann Rheum Dis
2007,66:407-9.

. Prevoo ML, van 't Hof MA, Kuper HH, van Leeuwen MA, van de

Putte LB, van Riel PL. Modified disease activity scores that include
twenty-eight—joint counts: development and validation in a prospec-
tive longitudinal study of patients with rheumatoid arthritis. Arthritis
Rheum 1995;38:44-8.

Cleanthous S, Newman SP, Shipley M, Isenberg DA, Cano SJ. What
constitutes uncertainty in systemic lupus erythematosus and rheu-
matoid arthritis? Psychol Health 2013;28:171-88.



26

CHALLAETAL

21.

22.

23.

24.

25.

Liao KP, Kurreeman F, Li G, Duclos G, Murphy S, Guzman R, et al.
Associations of autoantibodies, autoimmune risk alleles, and clinical
diagnoses from the electronic medical records in rheumatoid ar-
thritis cases and non-rheumatoid arthritis controls. Arthritis Rheum
2013;65:571-81.

Wither J, Johnson SR, Liu T, Noamani B, Bonilla D, Lisnevskaia L,
et al. Presence of an interferon signature in individuals who are anti-
nuclear antibody positive lacking a systemic autoimmune rheumatic
disease diagnosis. Arthritis Res Ther 2017;19:41.

Hagiwara S, Tsuboi H, Honda F, Takahashi H, Kurata I, Ohyama A,
et al. Association of anti-Ro/SSA antibody with response to biologics
in patients with rheumatoid arthritis. Mod Rheumatol 2016;26:857-62.
Salgado E, Maneiro JR, Gomez-Reino JJ. Predictors of response to
TNF antagonists. Curr Pharm Des 2015;21:221-32.

Wampler Muskardin T, Vashisht P, Dorschner JM, Jensen MA,
Chrabot BS, Kern M, et al. Increased pretreatment serum IFN-3/a

26.

27.

28.

29.

ratio predicts non-response to tumour necrosis factor alpha inhibi-
tion in rheumatoid arthritis. Ann Rheum Dis 2016;75:1757-62.
Pollard LC, Kingsley GH, Choy EH, Scott DL. Fibromyalgic rheu-
matoid arthritis and disease assessment. Rheumatology (Oxford)
2010;49:924-8.

Wolfe F, Michaud K. Resistance of rheumatoid arthritis patients
to changing therapy: discordance between disease activity and
patients’ treatment choices. Arthritis Rheum 2007;56:2135-42.

Dougados M, Nataf H, Steinberg G, Rouanet S, Falissard B. Relative
importance of doctor-reported outcomes vs patient-reported out-
comes in DMARD intensification for rheumatoid arthritis: the DUO
study. Rheumatology (Oxford) 2013;52:391-9.

Fraenkel L, Seng EK, Cunningham M, Mattocks K. Understand-
ing how patients (vs physicians) approach the decision to escalate
treatment: a proposed conceptual model. Rheumatology (Oxford)
2015;54:278-85.



Arthritis Care & Research AMERICAN COLLEGE

Vol. 72, No. 1, January 2020, pp 27-35 of EUMATOLOGY

DOI 10.1002/acr.23815 . .
© 2018, American College of Rheumatology Empowering Rheumatology Professionals

Tender Joint Count and Inflammatory Activity in Patients
With Established Rheumatoid Arthritis: Results From a
Longitudinal Study

Hilde B. Hammer," Brigitte Michelsen,” Sella A. Provan,' Joe Sexton,' Jon Lampa,’ Tillmann Uhlig," and
Tore K. Kvien'

Objective. The tender joint count (TJC) is included in composite disease activity scores (CDAS) (the Disease
Activity Score in 28 joints, the Clinical Disease Activity Index, and the Simplified Disease Activity Index). The impact
of having predominantly tender joints was explored by use of the Tender-Swollen Joint Count Difference (TSJD), and
ultrasound (US) provided a measure of joint inflammation. The current study aimed to explore the cross-sectional
and longitudinal associations between the TSJD and a spectrum of outcome measures, including US scores in pa-
tients with established rheumatoid arthritis (RA) during follow-up and while receiving treatment with biologic disease-
modifying antirheumatic drugs (bDMARDs).

Methods. This was an observational study of 209 patients with established RA consecutively included upon initi-
ation of bDMARD treatment and followed-up with clinical, laboratory, and comprehensive US examinations at 0, 1, 2,
3, 6, and 12 months. Patients were categorized into 2 groups: those with predominantly tender joints (TSJD >0) and
those with predominantly swollen joints (TSJD <0). Statistical analyses included Pearson’s correlation coefficient, an
independent samples t-test, and regression analyses.

Results. The TJC had high correlations only with patient-reported outcomes (PROMs) (P < 0.001). Levels from CDAS
and PROMs were significantly higher (P < 0.001) at all visits in patients with TSJD >0 compared to those with TSJD <0.
Laboratory markers and assessor’s global visual analog scale scores were similar, and US sum scores were significantly
lower (P < 0.001-0.03). The baseline TSJD positively predicted levels of all CDAS at 6 months (P < 0.001-0.019) but was
a negative predictor of US sum scores (gray-scale and power Doppler) at 6 and 12 months (P < 0.001).

Conclusion. Patients with predominantly tender joints had higher CDAS but lower levels of inflammation as de-
fined by US. These findings indicate that inclusion of the TJC in the CDAS may contribute to misleading information

about inflammatory activity.
INTRODUCTION

Remission is the treatment target in the era of improved and
effective medication for patients with rheumatoid arthritis (RA). The
most commonly used composite disease activity scores (CDAS)
include both the tender joint count (TJC) and the swollen joint
count (SJC) (1-3), e.g., the Disease Activity Score including 28
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joints (DAS28) (4), the Clinical Disease Activity Index (CDAI) (5), the
Simplified Disease Activity Index (SDAI) (6), as well as the Amer-
ican College of Rheumatology (ACR)/European League Against
Rheumatism (EULAR) definition of remission (7).

Assessment of the SJC has high face validity in patients with
RA, while the value of including the TJC in CDAS may not be so
apparent. Tender joint assessment is part of a routine examination,
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SIGNIFICANCE & INNOVATIONS

+ The tender joint count (TJC) was highly associated
with subjective assessments but not with ultra-
sound (US) scores.

+ Patients with predominantly tender joints had
higher clinical composite score levels but lower US
scores.

* The TJC had low association with objective assess-
ments of inflammation.

but even if there is agreement on how strong the assessor should
press on joints (8), this may not be included in a routine setting, and
there is no consensus on where the assessor should exert pressure
on each joint. The patient may perceive a joint as tender when inflam-
mation causes an increase of pain fiber innervation and activity, lead-
ing to hyperalgesia (9). However, tenderness may also be caused
by damage in the joint, as in the case of secondary osteoarthritis or
subluxation, and cause nociception even if the RA inflammation is
no longer present. Long-lasting activation of pain signals from the
joint may cause central sensitization in the medulla with increased
pain despite lack of ongoing inflammation (10,11). A higher num-
ber of tender versus swollen joints is found in ~15-20% of patients
with RA who additionally have fibromyalgia (12—17). There is limited
knowledge concerning predictors of chronic pain development in
RA, but long-lasting nociceptive input, as well as psychological fac-
tors such as anxiety, depression, and catastrophizing, seem to be
associated (18,19). Thus, the TJC has a multifactorial basis and may
not always reflect ongoing inflammation.

Ultrasonography (US) is increasingly used by rheumatologists
to assess the degree of inflammatory activity in joints and tendons
in patients with RA (20-22). Synovitis is scored by use of changes
in gray-scale (GS) and degree of vascularization by use of power
Doppler (PD). US has been shown to be strongly associated with
synovitis detected by magnetic resonance imaging (MRI) (23,24),
and a high intrareader and interreader reliability of synovitis scoring
has been demonstrated (25,26).

A few studies have explored the predictive value of discor-
dance between TJC and SJC and its effect on the likelihood of
remission in RA, while having predominantly tender joints has
been shown to be associated with a reduced likelihood of CDAS
remission at follow-up (27,28). CDAS are thought to be proxies
for degree of inflammation and are recommended as measures of
disease activity in treat-to-target strategies (29). However, in light
of the multifactorial causes of joint tenderness, there is a need for
deeper understanding of tender joints as a measure of inflamma-
tion. A comprehensive US assessment may be the examination
that most closely reflects the actual inflammatory activity.

The current study proceeded from a previously published
study of a cohort of patients with RA who had begun treat-
ment with biologic disease modifying anti-rheumatic drugs
(bDMARDs) (30) and includes comprehensive longitudinal

data collection, including US. The impact of tender joints was
explored by use of the Tender-Swollen Joint Count Difference
(TSJD), and the main objectives were to explore and com-
pare the associations between the TSJD, patient-reported
outcome measures (PROMs), clinical assessments, and US
scores using US as a gold standard comparator to define the
actual status of inflammation. Furthermore, we examined how
the baseline TSJD predicted CDAS and US levels as well as
CDAS and US remission during follow-up.

PATIENTS AND METHODS

In this longitudinal observational study, patients with RA
who met the ACR 1987 revised criteria for the classification
of rheumatoid arthritis (31) were consecutively included in the
study when they initiated or switched bDMARD treatment. The
patients were assessed at baseline and after 1, 2, 3, 6, and 12
months, as previously described (30). The study was approved
by the Norwegian Regional Committee for Medical and Health
Research Ethics South East, and the patients gave written
informed consent according to the Declaration of Helsinki.

CDAS. The folowing CDAS were calculated for each
visit: DAS28 with erythrocyte sedimentation rate (DAS28-ESR)
(0.56*/(tender joints) + 0.28* +/(swollen joints) + 0.70*Ln(ESR) +
0.014*(patient’s global visual analog scale [VAS 0—100]) (4); the CDAI
(sum of 28 TJCs and 28 SJCs, the patient’s global VAS [0-10] and
the assessor’s global VAS [0-10]) (5); the SDAI (CDAI with the addi-
tion of C-reactive protein [CRP] level in mg/dl) (6); and the ACR/
EULAR Boolean remission criteria (number of tender and swollen
joints, patient’s global VAS [0-10], and CRP level mg/dl, all <1) (7).

Patient-reported outcome measures. The patients
scored joint pain during the last week of the study and their
global assessment of disease on a VAS. Functional ability was
assessed by the Modified Health Assessment Questionnaire
(M-HAQ) (82). The Rheumatoid Arthritis Impact of Disease
(RAID) score was also included (33). This instrument calcu-
lates the total score based on 7 items (pain, physical function,
fatigue, physical well-being, sleep disturbances, emotional
well-being, and coping), each one assessed according to a
numeric rating scale with a range from 0 to 10. Two questions
from the Coping Strategies Questionnaire (30,34) were used
to assess pain catastrophizing. These questions have been
found to be strongly associated with the original complete
questionnaire and provide an adequate valid estimate of the
pain catastrophizing domain (35,36).

Clinical and laboratory assessments. Two trained
study nurses blinded to the US results performed 28 TJC/SJCs
and the assessor’s global VAS. ESR (mm/hour) and CRP level
(mg/liter) were examined as part of the hospital routine.
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Table 1. Baseline characteristics of the patients with established
rheumatoid arthritis (n = 209)*

Variable (range) Mean + SD Median (IQR)
No. of tender joints (0-28) 57+6.1 4(1-9)
No. of swollen joints (0-28) 6.3+5.1 5(2-10)
Joint pain VAS (0-100) 451 +270 41 (24-68)
Patient's global VAS 491 +26.8 50 (26-71)
(0-100)
Pain catastrophizing (0-6) 22+15 2.501-3)
M-HAQ score (0-3) 0.66 +0.56 0.5(0.25-1.0)
RAID score (0-10) 45+23 4.5(2.6-6.3)
Assessor’s global VAS 30.0+ 155 27 (20-37)
(0-100)
ESR mm/hour 281 +216 24 (12-37)
CRP level mg/liter 129+189 6 (2-15)
DAS28 45+15 4.5 (3.6-5.5)
CDAI (0-76) 20.0+11.8 16.8 (11.3-26.6)
SDAI (0-86) 212+125 18.4(12.3-28.4)
Sum score GS (0-120) 30.0+18.9 26 (16-41)
Sum score PD (0-120) 14.2 +13.6 10 (3-21)

* |QR = interquartile range; VAS = visual analog scale; M-HAQ = mod-
ified Health Assessment Questionnaire; RAID = Rheumatoid Arthritis
Impact of Disease questionnaire; ESR = erythrocyte sedimentation
rate; CRP = C-reactive protein; DAS28 = Disease Activity Score includ-
ing 28 joints; CDAI = Clinical Disease Activity Index; SDAI = Simplified
Disease Activity Index; GS = gray-scale; PD = power Doppler.

Ultrasound assessments. An experienced sonog-
rapher (HBH) performed all the US examinations (Siemens
Antares Excellence version, 5-13 MHz probe optimized with
GS frequency of 11.3 MHz, PD frequency 7.3 MHz, and PRF
of 391 Hz) and had no access to the clinical assessments or
laboratory markers from the same time point, nor to previ-
ous US results. GS and PD were scored semi-quantitatively
on a 4-point scale (where O = no, 1 = minor, 2 = moderate,
3 = major presence) of 36 joints (bilateral wrist [radiocarpal,
midcarpal, and radioulnar joints scored separately], metacar-
pophalangeal 1-5, proximal interphalangeal 2-3, elbow, knee,
ankle [tibiotalar], and metatarsophalangeal 1-5) with the Nor-
wegian US atlas as reference (25), as well as 4 tendon sheaths
(bilateral extensor carpi ulnaris and tibialis posterior). Sum
scores were calculated separately for GS and PD, including
the sum of scores for all 36 joints and 4 tendons. The sonog-
rapher has previously shown high intrareader reliability for US
assessments of these joints and tendons (weighted kappa
values of 0.83-0.88 for GS and PD) (25,37). Since there is
no consensus on how to define US remission, we presently
explored several PD remission criteria, including the sum score
of zero (38) as well as the sum score of 1, 2, or 3.

Statistical analysis. Pearson’s correlations were used
with the following definitions of correlation coefficients: negli-
gible <0.2, weak 0.2 to 0.39, moderate 0.40 to 0.59, strong
0.60 to 0.79, and very strong >0.80. TSJD was calculated
as the numeric difference between 28 TJCs and 28 SJCs.
To explore the influence of TSJD on group level, the patients
were categorized into 2 groups at all study visits: TSJD >0

(i.e., patients with predominantly tender joints) and TSJD <0
(i.e., patients with predominantly swollen joints). In addi-
tion, we divided the patients into a fibromyalgic RA (FM-RA)
group, as described by Pollard et al based on TSJD >7, and
a non-FM-RA group with TSJD <6 (17). These groups were
compared by use of independent sample t-tests, except for
when we used the Mann-Whitney test to compare the non-
completer group with completers.

Linear regression analyses were performed to explore
associations between baseline TSJD (adjusting for age, sex,
and disease duration) and each of the different CDAS or GS/PD
sum scores at 6 or 12 months. Logistic regression was used
to explore the predictive value of baseline TSJD (adjusted for
age, sex, and disease duration) for achievement of remission
defined by the CDAS or PD sum score remission criteria at 6
or 12 months. The last observation carried forward replaced
missing data during follow-up (<5% of the different variables). All
analyses were performed using SPSS version 21 software, and
P values less than 0.05 were considered statistically significant.

RESULTS

Patient characteristics have been described previously
(30). In short, a total of 209 patients (81% women, mean +
SD age 53.3 £ 13.2 years, mean + SD disease duration 10.0
+ 8.8 years, 79.2% anti—cyclic citrullinated peptide positive,
and 68.6% positive for rheumatoid factor) were consecu-
tively included. A total of 152 patients (72.7%) completed a
12-month follow-up. Mean + SD and median (interquartile
range [IQR]) of baseline variables are shown in Table 1. All
patients initiated and continued treatment with the follow-
ing bDMARDs: etanercept (34.9%), rituximab (20.6%), cer-
tolizumab (11.0%), infliximab (10.0%), tocilizumab (8.6%),
adalimumab (6.7%), golimumab (5.3%), or abatacept (2.9%).
In addition, 83.6% received co-medication with synthetic
DMARDs (90.6% of these received methotrexate), and at
baseline 55.0% also received prednisolone (mean + SD dose
of 8.0 £ 5.3 mg). At baseline, mean + SD/median (IQR) of the
TSJD was 4.9 + SD 4.6/3 (IQR 2, 7) for the TSJD >0 group
(n = 84) and -4.3 + SD 4.8/-3 (IQR -1, -6) for the TSJD <0
group (n = 125).

A total of 57 patients did not complete the 12-month fol-
low-up. At baseline, the non-completers had significantly higher
patient global VAS (P = 0.03), pain catastrophizing (P = 0.04),
and RAID score (P = 0.003), but group differences were not sig-
nificant for other variables, including TSJD, laboratory markers,
CDAS, or US scores.

Cross-sectional analyses. Correlations between individ-
ual variables during follow-up. Table 2 shows the median (range)
cross-sectional correlation coefficients of variables included
in CDAS as well as US sum scores at all visits. The TJC was
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moderately to strongly correlated with the patient’s global VAS,
weakly to moderately correlated with the assessor’s global VAS,
weakly correlated with the SJC, negligibly to weakly correlated
with laboratory markers, and negligibly correlated with US
scores, while in contrast, the SJC was strongly correlated with
the assessor’s global VAS and US scores and weakly correlated
with the patient’s global VAS scores.

The correlations between the TJC and PROMs were highly
significant (P < 0.001). The median and range correlation coeffi-
cients during follow-up were, for joint pain r = 0.59 (range 0.45—
0.62), pain catastrophizing r = 0.40 (range 0.30-0.46), RAID r =
0.61 (range 0.45-0.64), and M-HAQ r = 0.53 (range 0.33-0.63).
On the other hand, the SJC had negligible to weak correlations
with PROMs, joint pain r = 0.25 (range 0.17-0.27), pain cat-
astrophizing r = 0.12 (range 0.01-0.16), RAID r = 0.20 (range
0.17-0.23), and M-HAQ r = 0.26 (range 0.09-0.29). The TSJD
was positively correlated with all the PROMs at all examinations
with median and range correlation coefficients of r = 0.35 (range
0.18-0.45; P = 0.03 to <0.001) and negatively correlated with
GS and PD sum scores during the study, r = -0.47 (range —0.44,
—-0.54; P < 0.001 for all).

Comparison of clinical, laboratory, and US assessments
across TSJUD groups. All variables, including PROMs, clinical
assessments, CDAS, laboratory variables, and US (GS and
PD) scores, improved significantly during the study (P < 0.001).
During follow-up, patients with TSJD >0 versus TSJD <0 had
significantly higher PROMs and CDAS (P < 0.001-0.03), while
the assessor’s global VAS and laboratory variables were sim-
ilar (except lower levels of CRP level at 12 months, P = 0.02).
On the other hand, GS and PD sum scores were significant-
ly lower in patients with TSJD >0 compared to patients with
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TSJD <0 (P < 0.001-0.03) (Table 3). Figure 1 illustrates the
differences between the 2 TSJD groups for the patient’s global
VAS, DAS28, the assessor’s global VAS, and sum score PD.

Patients with FM-RA. Only 22 patients (10.5%) fulfilled the
FM-RA definition (17) at baseline, and it decreased to 11 (6.0%)
at 6 months and 8 (5.3%) at 12 months. During follow-up (6
and 12 months), patients with FM-RA versus those without FM-
RA had significantly higher PROMs and CDAS (P < 0.001 for all
variables at 6 months; P < 0.03 for all variables at 12 months),
whereas the assessor’s global VAS, ESR, CRP level, and US
scores did not differ between the groups. None of the patients
with FM-RA reached remission at 6 or 12 months according to
any CDAS. However, the FM-RA group was heterogeneous at
all time points, and patients had from low to high levels of objec-
tive markers of inflammation (evaluated by the SJC and US sum
scores; data not shown).

Longitudinal analyses. Baseline TSJD as predictor of
CDAS and US levels at 6 and 12 months. Linear regression
analyses showed that baseline TSJD was a positive predictor
for the level of the DAS28, the CDAI, and the SDAI at 6 months
(P <0.001, P =0.01, and P = 0.02, respectively) as well as the
DAS28 at 12 months (P = 0.02). On the other hand, baseline
TSJD levels negatively predicted the sum score GS (P < 0.001)
and PD (P < 0.001) at 6 and 12 months.

Baseline TSJD as predictor of CDAS or PD remission at 6
and 12 months. By logistic regression analysis, baseline TSJD
levels were not associated with remission according to the
CDAS or the ACR/EULAR Boolean definition at 6 or 12 months
(P = 0.2-1.0). However, the baseline TSJD positively predicted
all the different definitions of PD sum score remission at both 6

Visits

Visits

==-T5JD>0 =-==TS)D=0

Figure 1.

Mean values of different variables during follow-up: A, Patient’s global visual analog scale (VAS) score; B, Disease Activity Score

including 28 joints (DAS28); C, Assessor’s global VAS; D, Sum score of power Doppler (PD). Visits are at baseline (1), after 1 month (2), 2 months
(8), 3 months (4), 6 months (5), and 12 months (6). Patients were categorized into 2 groups: TSJD >0 and TSJD <0 at each visit. Patients with
TSJD >0 versus TSJUD <0 had at all visits significantly higher patient’s global VAS and DAS28 (P < 0.001), no differences for assessor’s global
VAS, and a lower sum score of PD (P < 0.001-0.03). TSJD = tender-swollen joint count difference.
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Table 4. Predictive value of baseline TSJD for PD sum scores of remission (different definitions) at 6 and 12 months*

PD sum score =0

PD sum score <1

PD sum score <2 PD sum score <3

OR (95% Cl) 2 OR (95% Cl) OR (95% Cl) 2 OR (95% Cl) 2
6 months 110 (1.02-1.17) 0.010 1.07(1.01-1.13) 0.024 1.07(1.02-1.13) 0.012 1.08 (1.03-1.14) 0.003
12 months 1.09 (1.02-1.18) 0.018 1.08 (1.01-1.15) 0.018 1.10(1.04-1.18) 0.003 1.10 (1.04-1.17) 0.002

* Calculations are by logistic regression with odd ratios. TSJD = tender-swollen joint difference (of 28 assessed joints); PD = power Doppler; OR =

odds ratio; 95% Cl = 95% confidence interval.

and 12 months (odds ratio 1.07-1.10 [95% confidence interval
1.01-1.18], P = 0.002-0.02) (Table 4).

DISCUSSION

In the current study, the number of tender joints was highly
associated with PROMs but showed weak or no associations
with the more objective assessments of inflammation. The nov-
elty of our study is the inclusion of a comprehensive US assess-
ment as an objective assessment of inflammation. At all visits,
patients with predominantly tender joints were found to have
lower US-verified synovitis but higher levels of PROMs and
CDAS, and the baseline TSJD was shown to be a negative pre-
dictor of US sum score levels but a positive predictor of CDAS
levels. These results indicate that tender joints do not reflect the
same pathology as found with US.

US is frequently used by rheumatologists in clinical practice
because it provides a sensitive assessment of inflammatory activity.
Several studies have shown US scores to have low or only moder-
ate correlations with CDAS (39-41). In this study, US sum scores
were strongly correlated with the SJC but not with the TJC. The
association between US scores and swollen joints is supported by
previous studies that show US to have comparable sensitivity to MR
for detecting synovitis in joints and tendons (20,24,42). Since PD
activity is thought to reflect active inflammation and thus activation of
pain fibers, an association with tender joints could also be expected.
However, we did not find any correlation between TJC and PD
scores. In addition, the TJC had no or only moderate correlation
with the SJC, the assessor’s global VAS, and laboratory markers of
disease activity, which may raise concerns about the use of the TJC
in most CDAS for assessment of inflammatory activity.

In the current study, baseline TSJD levels positively pre-
dicted CDAS levels, but they did not predict CDAS remission.
However, the study by Michelsen et al, which includes 2,735
patients with RA (28), found baseline TSJD to be a negative
predictor of CDAS remission. On the other hand, the baseline
TSJD was presently a positive predictor of PD remission, which
indicates that patients with more tender than swollen joints at
baseline tend to have higher levels of CDAS at follow-up but less
active inflammation when evaluated with PD.

Pollard et al (17) define patients with at least 7 more tender
than swollen joints as patients with FM-RA, and in the current
study, this patient group had significantly higher levels of CDAS
throughout the study. However, we found FM-RA to include both

patients with no or a low degree of US inflammation as well as
patients with a high degree of US inflammation. Thus, even if
it was a low number of patients with FM-RA, the current study
does not support the identification of patients with FM-RA as a
group with low inflammatory activity but points to the importance
of exploring the background for a high TSJD.

In the current study, 28 joints were assessed for tenderness
and compared with a more comprehensive US examination. It
could be argued that a similar number of joints should be exam-
ined for comparison of the 2 methods. However, our objective
was to explore tender joints as used in the different CDAS with
the use of US as a gold standard for inflamsmatory activity. Thus,
we used a comprehensive US examination to obtain more infor-
mation about the inflammatory status.

The major strength of the current study is the longitudinal
design, including a comprehensive clinical and US evaluation.
Further strengths are the clinical joint assessments performed
by only 2 trained nurses and the expertise of the sonographer.
The 2 study nurses had >10 years of experience and had similar
training in clinical joint examinations; however, we did not assess
their reliability on joint evaluations. The major limitations include
performance in only 1 center, which may limit the generalizabil-
ity of the results, as well as the inclusion of only patients with
established RA, who may differ from patients with recent-onset
disease. Handling of intermittently missing observations with last
observation carried forward may also represent a limitation of
the study; however, only a few observations (<5%) were missing.

In conclusion, the TJC was primarily associated with PROMs
and had low associations with the more objective assessments of
inflammation, including US scores, and patients with a higher num-
ber of tender than swollen joints were found to have lower levels
of US synovitis. When patients with predominantly tender joints
do not reach CDAS remission, the use of composite scores alone
may lead to misinterpretation of disease activity, and thus additional
assessments of inflasmation may be necessary for these patients.
Consequently, taking the high impact of CDAS in the treat-to-target
management of RA into account, our results suggest a careful inter-
pretation of CDAS in patients who have predominantly tender joints.
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Clinical and Structural Efficacy of Hydroxychloroquine in
Rheumatoid Arthritis: A Systematic Review

Claire Rempenault,’ Bernard Combe,' Thomas Barnetche,? Cécile Gaujoux-Viala,? Cédric Lukas,' Jacques Morel,’
and Charlotte Hua’

Objective. Hydroxychloroquine (HCQ) improves metabolic and cardiovascular outcomes in patients with rheu-
matoid arthritis (RA), but its efficacy appears to be moderate as compared to placebo. The aim of our study was to
assess the current literature on the clinical and structural efficacy of HCQ in the joints of patients with RA.

Methods. We systematically searched MEDLINE (via PubMed), Embase, Cochrane Library, and the American
College of Rheumatology and European League Against Rheumatism annual scientific meeting abstracts for studies
available up to November 2017 comparing the efficacy of HCQ in patients with RA, in monotherapy or combined with
other conventional synthetic disease-modifying antirheumatic drugs (csDMARDs). Data were extracted by 1 investi-
gator and independently checked by a different investigator.

Results. The literature search revealed 197 articles and abstracts of potential interest, and 11 studies fulfilled
inclusion criteria. The clinical and structural efficacy of HCQ was similar to or lower than that for methotrexate or
sulfasalazine in monotherapy. HCQ combined with other DMARDs could increase the clinical efficacy.

Conclusion. In addition to its metabolic benefit, combining HCQ with other DMARDSs could provide some clinical

improvement in patients with RA and inadequate response to previous csDMARDs.

INTRODUCTION

Antimalarials are medicinal agents that have been prescribed
for many years, and their potential uses are still being explored.
Chloroquine and hydroxychloroquine (HCQ) are weak, basic
4-aminoquinoline compounds. Because of its lower toxicity, HCQ
is preferred more than chloroquine in rheumatology practice (1).
The mechanism of action of HCQ is thought to be related to
interference with lysosomal activity, inhibition of antigen presenta-
tion and Toll-like receptor signaling, and dissolution of circulating
immune complexes (1). HCQ has been found to improve survival
rates in some inflammatory diseases, notably systemic lupus ery-
thematosus, with prevention of lupus flares and protection against
irreversible organ damage, thrombosis, and bone mass loss (1).
HCQ has also been used for treating rheumatoid arthritis (RA) for
several decades, but its overall effect as compared with placebo
seems moderate.

Since the emergence of more efficacious disease-modifying
antirheumatic drugs (DMARDs), such as methotrexate (MTX) or
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targeted therapies, HCQ has been less frequently prescribed
for RA. However, HCQ could still be a relevant drug for patients
with RA, if not for its efficacy in arthritis, at least for its effect
on cardiovascular (CV) and metabolic risks. Thus, in a recent
systematic literature review and meta-analysis (2), we showed
that HCQ may benefit lipid profiles and diabetes mellitus inci-
dence and (to a lesser extent) CV events and insulin resistance
in patients with RA. Data on the CV protective role of HCQ are
consistent and increasing, but this is not the case for the clinical
efficacy of HCQ as treatment for RA. Therefore, the aim of this
study was to assess the current literature concerning the clinical
and structural efficacy of HCQ in the joints of patients with RA.

MATERIALS AND METHODS

Literature search. We systematically reviewed articles
written in English for studies that evaluated the efficacy of HCQ in
monotherapy or in combination therapy in RA patients that were
published up to November 2017 in MEDLINE (via PubMed),
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SIGNIFICANCE & INNOVATIONS

+ Hydroxychloroquine (HCQ) should not be consid-
ered as monotherapy for the majority of patients
with early rheumatoid arthritis (RA).

* The combination of HCQ with other conventional
synthetic disease-modifying antirheumatic drugs
(csDMARDs) could improve some clinical outcomes
in RA patients.

+ There is a lack of data concerning structural effica-
cy of HCQ in monotherapy or in combination with
other DMARDs in the literature.

Embase, Cochrane Library, and abstracts for the American
College of Rheumatology (ACR) and European League Against
Rheumatism (EULAR) annual scientific meetings as early as 2014.
Keywords were “rheumatoid arthritis,” “Plaquenil,” “hydroxychlo-
roquine,” and “antimalarial,” with no limit on date of publication.
In addition, the reference lists of articles were manually searched
to identify additional relevant articles. Observational studies and
randomized controlled trials (RCTs), but not case reports, were
eligible. The trials were initially selected on the basis of their titles
and abstracts, then on their full text; duplicates were removed.

Study selection. The population of interest was patients
with RA, regardless of disease activity and duration or patient
age. We included studies comparing clinical and/or structural
efficacy of HCQ, as monotherapy or combined with other con-
ventional synthetic DMARDs (csDMARDs), namely MTX, lefluno-
mide (LEF), or sulfasalazine (SSZ). The selection criteria are
shown in Supplementary Table 1 (available on the Arthritis Care &

Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23826/abstract). Study selection was done independently by
2 investigators (CR and CH), and disagreements were resolved
by consensus.

Data extraction. Using a predetermined form, 2 investi-
gators (CR and CH) collected data on the study design, sample
size, treatments received, patients and control group charac-
teristics (age, sex, disease duration, ongoing DMARDSs, pred-
nisone use and dose, exposure time to HCQ and HCQ dose,
and response to previous other csDMARDs), definition of the
outcome measures, timing and unit of measurements, safety
data, and statistical analyses performed. Disagreements were
resolved by consensus.

Data synthesis and analysis. Because of the heteroge-
neity of data, meta-analysis was not feasible. Studies included
in the review were classified into 2 categories depending on
whether HCQ was evaluated in monotherapy or in combination
with other DMARDs.

RESULTS

Literature search results and study characteristics.
Initially, 8,428 potentially relevant articles were screened and 8,419
were excluded. Finally, after manually searching reference lists and
ACR and EULAR annual meeting abstracts, reports of 11 studies
(104,278 patients) were included (Figure 1). Studies’ and patients’
main characteristics are shown in Tables 1 and 2. Our review

focused on comparing HCQ to other csDMARDs.

I Pubmed search: n = 2065 l

| EMBase search: n = 6105 l

I Cochrane search: n = 258 |

:
8428 studies
| 753 duplicates removed |

7675 studies
|

Exclusion based on titles and abstracts: n = 7478

Based on titles and abstracts: n = 197 studies |

- Not the right topic: n = 3440
- Not the right endpoint: n = 4038

ACR and EULAR annual

Exclusions based on the full-length article: n = 188

»!

meetings databases: n =2

»| -notastudy:n=31
- not only hydroxychloroquine: n = 85
- no outcome of interest measure: n = 55

‘ 11 studies included in systematic review ‘

- not only rheumatoid arthritis: n = 7
- not the good language: n=8

- pediatric population: n = 2

v v
6 monotherapy-studies** 6 combination-studies**
-vs MTX:n=2 +MTX:n=3
-VvsLEF:n=0 +LEF:n=1
-vsSSZ:n=4 +SSZ:n=1
+SSZ+MTX:n=1

Figure 1.

Flow chart of studies in the systematic literature review. *ACR = American College of Rheumatology; EULAR = European League

Against Rheumatism; MTX = methotrexate; LEF = leflunomide; SSZ = sulfasalazine. **1 study (6) was included both in the monotherapy part

and in the combination part.
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Table 1. Characteristics of the patients included in the studies comparing HCQ in monotherapy to other csDMARDs*
Type of Study duration Group Disease csDMARD-IR

Study author, year (ref.) study (wk) (no. patients) Mean dose Age (yrs) duration (yrs) patients, no. (%)
Dixon et al, 1988 (5) RCT 24 HCQ (13) 400 mg/day NR NR NR
SSZ (15) 1.5-3 gm/day NR NR NR
Nuver-Zwart et al, 1989 (7) RCT 48 HCQ (30) 200-400 mg/day  53.0 (22-72)t  1.2(0.2-13.7)F 0(0)
SSZ (30) 2 gm/day 53.5(22-751T 0.9(0.2-10)% 0(0)
Van der Heijde etal, 1989 (8)  RCT 48 HCQ (28) 200-400 mg/day  53.1 (22-72)t 13 0 (0)
SS7 (22) 2 gm/day 53.5(22-75)t 1.1 0(0)
Faarvang et al, 1993 (6) RCT 24 HCQ (31) 250 mg/day NR 6.3(0-37)% NR
SSZ (29) 2 gm/day NR 6.3 (0-37)F NR
Alam et al, 2012 (3) RCT 24 HCQ (30) 200-400 mg/day 42.9+9.28 1.8+0.38 0(0)
MTX (30) 7.5-17.5 mg/wk 417 +12.28 23+0.48 0(0)
Gossen et al, 2016 (4) Cohort 260 HCQ (16,796) NR 57.8 + 15.08 NR NR
MTX (85,082) NR 57.8 £ 15.08 NR NR

* HCQ = hydroxychloroquine; csDMARDs = conventional synthetic disease-modifying antirheumatic drugs; ref. = reference; IR = inadequate
response; RCT = randomized controlled trial; SSZ = sulfasalazine; NR = not reported; MTX = methotrexate.

T Values are the years of age (minimum-maximum range).

1 Values are the years of disease duration (minimum-maximum range).

§ Values are the mean + SD.

Efficacy of HCQ monotherapy. Most patients included
in the studies that evaluated HCQ as monotherapy had early
RA (disease duration of <5 years). They were also naive to
csDMARDs (Table 1).

Efficacy versus MTX. Only 2 studies evaluated MTX (3,4).
In an open-label controlled clinical trial (3) comparing MTX ver-
sus HCQ, disease activity (based on Disease Activity Score in
28 joints [DAS28]) decreased significantly in both groups after 6
months of treatment, but the clinical response was significantly
better in the MTX group (P < 0.001). There was no difference in
the incidence of adverse events between the 2 groups. In a sec-
ond study (4), receipt of biologics was less frequent for patients
receiving HCQ during the 5 years of follow-up as compared
with those receiving MTX (hazard ratio 0.283 [95% confidence
interval 0.25-0.31], P < 0.0001). Of note, this last study was a
cohort study, without randomization, and it is likely that patients

receiving HCQ had less severe disease, with consequently fewer
need for biologics than those receiving MTX. No study assessed
structural efficacy of HCQ compared with MTX.

Efficacy versus SSZ and versus LEF. Four studies that eval-
uated SSZ were included (5-8). In an open-label study (5) and 2
double-blind RCTs (6,7), the efficacy of HCQ and SSZ was sim-
ilar for erythrocyte sedimentation rate (ESR), morning stiffness,
swollen joint count, joint pain, patient or physician global assess-
ment at 6 months, and mean change in articular index between
week 0 and week 24. Safety was evaluated in 2 studies (6,7) and
was similar between SSZ and HCQ. Two studies assessed the
structural efficacy of HCQ compared to SSZ. In a double-blind
RCT (8), radiographic progression rates at 48 weeks were sig-
nificantly higher with HCQ than SSZ (P < 0.02); whereas anoth-
er double-blind RCT (9) found slight progressions of the lesions
specific to RA on the hands and the wrists of patients in the HCQ

Table 2. Characteristics of the patients included in the studies comparing HCQ in combination to other csDMARDs*

Study Disease  csDMARD-IR
Study author, Study duration Group duration, patients,
year (ref) type (wks) (no. patients) Mean dose Age, years years no. (%)
Faarvang et al, RCT 24 HCQ (31) 250 mg/day NR 6.3 (0-37)T NR
1993 (6) SSZ +HCQ (31) 2 gm/day + 250 mg/day NR NR NR
O'Dell et al, RCT 104 MTX + SSZ + HCQ (58) 12.5-17.5 mg/wk + 2 g/day 489 (26-66)f 6.9 +6.88 31(53.4)
2002 (13) +400 mg/day
MTX + SSZ (55) 12.5-17.5 mg/wk + 2 gm/day 52.5(25-71)F 5.8+5098 28(50.9)
Weaver et al, Cohort 52 MTX + HCQ (325) 12.5 mg/wk + 400 mg/day 53.8+ 1458 46+698 303(93.2)
2006 (9) MTX (941) 12.5 mg/wk 56.8 + 14.08 3.5+718 866 (92.0)
Dissanayake et al, RCT 52 MTX + HCQ (39) 20-25 mg/wk + 400 mg/day NR NR NR
2014 (10) MTX (35) 20-25 mg/wk NR NR NR
Lietal, RCT 48 LEF +HCQ (89) 10-20 mg/day + 400 mg/day 487 £12.98 6.1+738 NR
2016 (12) LEF (87) 10-20 mg/day 487 +12.98 6.1+738 NR
Brunekreef and Cohort 104 MTX (297) NR NR NR NR
Moens, 2017 (11) MTX + HCQ (156) NR NR NR NR

* HCQ = hydroxychloroquine; csDMARDs = conventional synthetic disease-modifying antirheumatic drugs; ref. = reference; IR = inadequate
response; RCT = randomized controlled trial; SSZ = sulfasalazine; NR = not reported; MTX = methotrexate; LEF = leflunomide.
T Values are the years of disease duration (minimum-maximum range).

¥ Values are the years of age (minimum-maximum range).
§ Values are the mean + SD.
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and the SSZ groups without statistically significant difference
among the 2 groups. No study comparing LEF was retrieved.

Efficacy of HCQ combined with other csDMARDs.
Most patients included in the studies that evaluated HCQ in
combination had established RA (disease duration >5 years) and
showed insufficient response to csDMARDs (Table 2).

Efficacy of HCQ + MTX versus MTX. Three studies were
included (9-11). In 1 study of data from an observational reg-
istry (9), the odds of achieving a modified ACR criteria for 20%
improvement in disease activity (ACR20) response rate at 12
months did not differ between the 2 groups. The proportion
of adverse events was 4% in the MTX group versus 11% in
the MTX + HCQ group (no statistical comparison was per-
formed and no precision of the type of adverse events was
provided). In 1 open-label study presented as an abstract at
the ACR 2014 annual meeting (10) and in a cohort study pre-
sented as an abstract at the EULAR 2017 annual meeting (11),
adding HCQ to MTX had some interest. In the first trial (10),
DAS28 scores improved in both early-RA patient groups, but
improvement was significantly better with MTX + HCQ than
MTX at 3 months (2.2 versus —1.3; P = 0.003) and 12 months
(2.9 versus —1.9; P = 0.047). In the second trial (11), remis-
sion within 12 months was more frequent with combination
treatment (MTX + HCQ + triamcinolone) than with MTX alone
(88.2% versus 72.2%). No study assessed the structural effi-
cacy of HCQ + MTX with MTX alone.

Efficacy of HCQ + SSZ versus SSZ One multicenter,
double-blind RCT found no statistically significant difference
between combination treatment and SSZ monotherapy for
ESR, morning stiffness, swollen joint count, joint pain, or
patient or physician global assessment at 6 months (6) and
structural progression. The safety profile did not differ between
the 2 groups.

Efficacy of HCQ + LEF versus LEF. One single-blind RCT
compared HCQ + LEF to LEF as step-down maintenance treat-
ment after obtaining clinical remission or low disease activity
with MTX + LEF + HCQ (12). By 48 weeks, the 2 groups did
not differ in disease activity or maintenance rate (P = 0.53). Ad-
verse events were mild to moderate without separate data for
each group. No study assessed structural efficacy of HCQ + LEF
compared with LEF monotherapy.

Efficacy of HCQ + MTX + SSZ versus MTX + SSZ. We in-
cluded only 1 double-blind RCT comparing MTX + SSZ + HCQ
to MTX + SSZ (13). ACR20 and ACR50 response rates were
higher with triple therapy than with MTX + SSZ without HCQ
(78% versus 49%; P = 0.02, and 55% versus 29%; P = 0.005,
respectively) at 2 years. A subgroup analysis retained the su-
periority of triple therapy over MTX + SSZ in terms of ACR20
(P < 0.01) and ACR50 response (P = 0.02) at 2 years in patients
with insufficient response to MTX but not those who were MTX
naive. Adverse events were infrequent and evenly distributed

between the 2 groups. No study assessed structural efficacy of
HCQ + MTX + SSZ compared with MTX + SSZ.

DISCUSSION

According to this systematic literature review, HCQ should
not be considered as monotherapy for the majority of patients
with early RA but might provide moderate clinical benefit to
RA patients in terms of disease activity control when used in
combination with other csDMARDs. One explanation for the
potential efficacy of HCQ combined with other csDMARDs is
that HCQ might increase exposure to other csDMARDs and
S0 increase their efficacy (2). The benefit in efficiency with the
combination of csDMARDs is currently recognized in inter-
national guidelines, which consider the use in patients with
insufficient response to MTX in the absence of poor prognostic
factors (14).

The aim of this systematic literature review was to assess
the clinical and structural efficacy of HCQ and not to evaluate the
safety of HCQ. However, we have reported safety data when avail-
able. Due to the number of included patients in the selected trials,
it’s difficult to extrapolate firm conclusions on the safety profile of
HCQ when used as monotherapy or in combination in patients
with RA. However, according to these data, HCQ seemed to have
a similar safety profile compared to other csDMARDs, which is not
surprising since HCQ is considered to be a safe and well-tolerated
drug in some other rheumatic diseases, namely lupus (1). In addi-
tion, adverse events did not seem to be increased when adding
HCQ to other csDMARDs. In this respect, a recent study has
shown that low persistence rates of triple therapy (MTX + SSZ +
HCQ) that were observed in RA patients were mainly attributed to
adverse drug events due to SSZ and not to HCQ (15).

Our systematic literature review has several limitations. Data
were scarce and publication dates were mostly before the 2000s.
Treatment dosages differed among studies and often did not
correspond to our current practice, especially for MTX, which
was often underdosed. Not all of the included studies were ran-
domized, and in nonrandomized trials HCQ was likely prescribed
to patients with less severe RA, which may account for the bet-
ter outcomes of these patients versus patients receiving other
csDMARDs. Furthermore, apart from 2 studies (6,8), no study
evaluated HCQ structural efficacy.

In conclusion, treatment dosages, main outcomes, and
study results were too heterogeneous in this systematic lit-
erature review to formally conclude on the efficacy of HCQ in
RA. When used in monotherapy, HCQ clinical and structural
efficacy seemed to be similar to or lower than that of MTX
or SSZ. However, most studies suggested that HCQ could
slightly improve various outcome measures of disease activ-
ity when combined with other csDMARDSs, at least in patients
with established RA and insufficient response to csDMARDSs.
Consequently, HCQ could be used in combination with other
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csDMARDs for some patients with RA. The known metabolic
and protective CV effects of HCQ and its low cost and good
safety profile are arguments strengthening this hypothesis.
Obviously, recent and well-conducted studies are warranted
to support this conclusion.
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Systematic Review of the Impact of Inflammatory Arthritis
on Intimate Relationships and Sexual Function

LauraJ. Restoux,’ Silpa R. Dasariraju,' llana N. Ackerman,” Sharon Van Doornum,’ Lorena Romero,* and
Andrew M. Briggs'

Objective. To systematically review evidence of the impact of inflammatory arthritis on, or association of inflam-
matory arthritis with, intimate relationships and sexual function.

Methods. Ovid Medline, Ovid PsycINFO, Ovid Embase, and EBSCO CINAHL databases were searched. Two
independent reviewers selected articles, extracted data, and conducted manual searches of reference lists from in-
cluded studies and previous reviews. The quality of evidence was assessed using standard risk-of-bias tools.

Results. Fifty-five eligible studies were reviewed. Of these, 49 (89%) were quantitative, 5 (9.1%) were qualitative,
and 1 (1.8%) used a mixed-method design. Few quantitative studies were rated as low risk of bias (n =7 [14%]), many
were rated as moderate (n = 37 [74%]) or high risk (n = 6 [12%]). Quantitative study sample sizes ranged from 10 to
1,272 participants, with a reported age range 32-63 years. Qualitative study sample sizes ranged from 8 to 57 partici-
pants, with a reported age range 20-69 years. In studies reporting the Female Sexual Function Index, all inflammatory
arthritis groups demonstrated mean scores <26.55 (range of mean + SD scores: 14.2 + 7.8 t0 25.7 + 4.7), indicating
sexual dysfunction. In studies reporting the International Index of Erectile Function, all inflammatory arthritis groups
reported mean scores <25 (range of mean = SD scores: 16.0 + 5.3 to 23.8 + 7.0), indicating erectile dysfunction. Key
qualitative themes were impaired sexual function and compromised intimate relationships; prominent subthemes
included inflammatory arthritis—related pain and fatigue, erectile dysfunction, diminished sexual desire, and sexual
function fluctuations according to disease activity.

Conclusion. Sexual dysfunction appears highly prevalent among men and women with inflammatory arthritis, and

increased clinician awareness of this impairment may guide provision of tailored education and support.

INTRODUCTION

The International Classification of Functioning, Disability and
Health considers sexual health as comprising 2 distinct constructs:
“sexual function,” relating to body functions, and “intimate relation-
ships,” relating to activity and participation (1). Sexual function in
individuals with inflammatory arthritis may be affected by disease
activity (pain, functional limitations, and fatigue), psychological dis-
tress related to the disease, including reduced self-esteem and
altered body image perception, and/or side effects from pharma-
cologic treatments (fatigue, lowered mood, vaginal dryness, and
erectile dysfunction) (2—10). Intimate relationships may, in turn, be
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affected by these and other factors (11,12), potentially contribut-
ing to relationship dissatisfaction and family breakdown (2,13-15).
The impact of inflammatory arthritis on sexual health appears to
be an issue worldwide, because it has been identified in popula-
tions in Europe, America, Asia, and Africa (13,16-19).

Sexual health and family planning are important consider-
ations not only for individuals living with inflammatory arthritis
but also for the health practitioners who treat them (20), yet
these issues are rarely comprehensively addressed in clinical
practice (4,8,9,16,18,19,21-24). Earlier research has shown
that 36-70% of individuals with rheumatoid arthritis (RA) expe-
rience impaired sexual health associated with their disease
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SIGNIFICANCE & INNOVATIONS

+ To our knowledge, this is the first systematic review
to consider the impact of all types of inflammatory
arthritis on intimate relationships and sexual func-
tion in both sexes based on evidence from qualita-
tive and quantitative studies.

Eligible studies were primarily quantitative in de-
sign and showed a higher prevalence of sexual
dysfunction among the inflammatory arthritis
populations in comparison to healthy populations;
however, the impact on intimate relationships was
rarely explored.

Qualitative studies revealed that sexual dysfunc-
tion was impaired in inflammatory arthritis due to
pain, reduced sexual desire, erectile dysfunction,
and fatigue, along with the same stressors that
affect the general population, such as stress and
other concerns.

(6,7,13,16,19,21,22,25,26), but the majority have not discussed
this problem with a health professional (27). Additionally, individ-
uals with inflammatory arthritis vary in their preference of health
professional with whom to discuss these issues (27), suggesting
all health professionals involved in an individual’s care should
gain an improved understanding of the potential impacts of
inflaosnmatory arthritis on sexual function and intimate relation-
ships.

The impact of inflammatory arthritis on sexual health has
been investigated previously, but systematic reviews pub-
lished to date have important limitations (5,6,28,29). First, many
have not assessed the impact of inflammatory arthritis on both
sexes, because most have focused on female sexual function
only (29-39). Second, most reviews have been disease-specific
(6,28-34,36-51), limiting transferability of the findings to other
inflamsmatory arthritis conditions. Although some reviews have
considered rheumatic conditions more broadly (10,35,52,53),
they do not include contemporary evidence (3,10,21,22,54-100).
Finally, earlier reviews have largely been restricted to Western pop-
ulations (6,28).

To overcome existing limitations, we aimed to undertake
a systematic review of self-reported perceptions (concerns,
thoughts, beliefs, and opinions) concerning the impact of inflam-
matory arthritis on, or the association of inflammatory arthritis
with, intimate relationships and sexual function among individuals
with inflammatory arthritis.

MATERIALS AND METHODS

Study design. A systematic review of quantitative and
qualitative studies was undertaken in 2018. The systematic
review protocol was registered on PROSPERO International
Prospective Register of Systematic Reviews (registration num-
ber CRD42017074189). The review is reported according to the

Preferred Reporting ltems for Systematic Reviews and Meta-
Analysis (PRISMA) statement (see Supplementary Table 1, avail-
able on the Arthritis Care & Research web site at http://onlinelibr
ary.wiley.com/doi/10.1002/acr.23857/abstract).

Eligibility for inclusion. Primary qualitative, quantita-
tive, and mixed-method design studies published in English in
peer-reviewed journals were included. Relevant self-reported
outcomes included concerns, thoughts, beliefs, and opinions
of individuals with inflammatory arthritis, concerning the impact
of their inflammatory arthritis on, or the association of inflam-
matory arthritis with, intimate relationships and sexual func-
tion and were drawn from quantitative studies (e.g., surveys)
or qualitative studies (e.g., interviews, focus groups). Studies
conducted in any care setting were included. Studies that
included males or females with a diagnosis of inflammatory
arthritis (including but not limited to RA, seronegative arthritis,
systemic lupus erythematous (SLE), systemic scleroderma/
systemic sclerosis (SSc), ankylosing spondylitis (AS), psoriatic
arthritis, connective tissue disease, vasculitis, Sjogren’s syn-
drome (SS), spondyloarthritis, autoimmune arthritis, and juve-
nile idiopathic arthritis were included. Patients aged >16 years
were eligible for the inclusion. Studies where the outcomes
were not directly reported by individuals who live with inflam-
matory arthritis (e.g., where outcomes were only reported by
spouses) were excluded. Abstracts and conference proceed-
ings were also excluded.

Search strategy and selection of studies. Four
electronic databases (Ovid Medline, Ovid PsycINFO, Ovid
Embase, and EBSCO CINAHL Plus) were searched system-
atically from January 1, 1990 to May 8, 2018. An initial search
for studies was conducted in Medline and Embase, and an
analysis of text words and subject terms was then used by
one reviewer (LR) to develop the search. Subject classifica-
tion systems for each database were also investigated (with
input from INA, SVD, and AMB). The final searches of all 4
electronic databases was executed by 1 reviewer (LR) using
the appropriate specifications of each database. The compre-
hensive search strategy used for each of the 4 databases is
shown in the Supplementary materials, available on the Arthri-
tis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23857/abstract. Gray literature was not con-
sidered. Two reviewers (LJR and SRD) independently screened
the titles and abstracts of the yield to determine each article’s
eligibility for inclusion. Any discordance regarding eligibility
was discussed and resolved through consensus, with arbitra-
tion by a third reviewer (AMB), if required. The full texts of the
potentially eligible articles were reviewed independently by 2
reviewers (LJR and SRD) to confirm eligibility. Any discordance
in selection of full texts was resolved through consensus and
arbitrated by a third reviewer (AMB), if required. The reference
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lists of all included full-text studies and any systematic reviews
identified were manually screened by the reviewers (LJR and
SRD). Citation screening and selection were documented and
summarized in a PRISMA-compliant flow chart (Figure 1).

Data extraction. Data extraction was undertaken by 2
reviewers independently (LJR and SRD) and a consensus data
set derived. A standardized data extraction template was devel-
oped using Microsoft Excel and piloted on 3 eligible articles by
LJR, SRD, INA, SVD, and AMB. Data from quantitative and qual-
itative studies were extracted separately. The following data were
extracted (where available) for each study: research question,
study design, study population including diagnoses, geographic
region, study setting, demographic characteristics (e.g., age, sex),
primary and secondary outcome measures, and results. For qual-
itative studies, the first-order data (the quotes from the primary
study participants) and the second-order data (themes and sub-
themes developed by authors of included articles) were extracted
to preserve the links to the original quotes and the context from
the primary study.

Quality and risk-of-bias appraisal. The methodologic
quallity of the included studies was appraised independently by 2
reviewers (LJR and SRD) and a consensus appraisal score was
derived. Quantitative studies were appraised using the Hoy et al
risk-of-bias tool (101), while the Critical Appraisal Skills Program
(CASP) tool was used for qualitative studies (102). While there are

several risk-of-bias assessment tools available for quantitative and
qualitative studies, these tools were selected for ease of use and
alignment with other patient-centered systematic reviews relevant
to rheumatic diseases (103—-108). The tools were piloted on 3 eli-
gible articles to ensure interrater consistency. Any discordance
regarding critical appraisal was discussed and resolved through
consensus, with arbitration by a third reviewer (AMB), if required.

Data analysis and synthesis of results. Two review-
ers (LJR and SRD) independently extracted and synthesized
the data from the eligible studies. Descriptive and outcome
data from quantitative studies were summarized and reported
descriptively. The independent data sets relating to the quan-
titative studies were compared for consistencies, with any dis-
crepancies resolved to create a composite data set. The results
of the qualitative studies were metasynthesized using a staged
approach of thematic analysis (109-111). Independent data
files were merged and compared, with discrepancies resolved
by consensus, and if necessary, by arbitration with AMB. First,
each reviewer read the full-text article multiple times, highlight-
ing relevant sections that related to the review to inductively
develop initial categories or themes. These themes/categories
were organized into an initial thematic framework, which was
reviewed by other authors (INA, SVD, and AMB) to consider
construct validity and clinical meaningfulness. Second, the
framework was populated with extracted data from the studies
to ensure the inductively derived themes and subthemes were

o)
= Records identified through database
.g searching during May 2018:
s Ovid Medline: 676 Additional records identified from
'-E Ovid PsycINFO: 80 previous systematic reviewsn =1
S Ovid EMBASE: 1266 (deemed ineligible)
= EBSCO CINAHL plus: 278
Total: n=2300
o)
5
s Records retained after duplicates removed Duplicate records excluded
8 (n=2099) (n=201)
o
w
| —
o)
Records removed after title/abstract Records excluded
screened (n =2005)
> (n=94)
=
2 .
i) Full text articles excluded
w K o Inappropriate study design (n = 4)
Full-text articles assessed for eligibility and Patient perceptions not reported (n = 30)
reference lists screened No IA diagnosis (n = 1)
(n=55%) Abstract only (n = 4)
Total (n=39)
o)
© Studies included Studies included in
% in qualitative quantitative
% meta-synthesis narrative synthesis
£ (n=6) (n=50)
|

Figure 1.

NB* mixed-method studies included in both
qualitative and quantitative synthesis (n = 1)

Preferred Reporting Items for Systematic Reviews and Meta-Analysis flowchart of included studies. IA = inflammatory arthritis.
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underpinned by primary data. Once populated, the framework
was again revised and reviewed by the authors.

Assessment of confidence profile. The GRADE-Con-
fidence in the Evidence from Reviews of Qualitative research
(GRADE-CERQual) method was used to assess confidence in
the metasynthesis findings across 4 domains: methodologic lim-
itations, coherence, adequacy of data, and relevance of all the
individual primary research study findings contributing to the
metasynthesis (112), with each domain assigned a level of con-
cern (minor, moderate, substantial). The review team (LJR, SRD,
AMB) evaluated the confidence profile through discussions and
allocated an overall level of confidence (high, moderate, low, or
very low) to each finding in the metasynthesis.

RESULTS

Search results and description of included studies.
The search strategy returned 2,100 unique citations, of which 55
(2.6%) (7-9,19,21,22,27,58-100,113-117) met the inclusion cri-
teria (Figure 1). Descriptive characteristics of the 55 included stud-
ies are summarized in Table 1. Of the included studies, 49 (89.1%)
were quantitative (7,9,19,21,22,27,58-74,76,77,79,80,82-86,38—
92,94-100,113-117), 5 (9.1%) were qualitative (75,78,81,87,93),
and 1 (1.8%) used a mixed-method design (8). Four of the qual-
itative studies used focus groups or semistructured interviews
(78,81,87,93), while all the quantitative studies used patient-
reported questionnaires (7,9,19,21,22,27,58-74,76,77,79,80,82—
86,88-92,94-100,113-117).

Included studies were conducted in the following countries
where reported (n = 45): the European Union (n = 7 [37.8%))
(8,19,27,60,67,70,77,81,85,87,88,92-96,115), Middle East (h = 14
[31.1%)]) (22,63,65,66,69,73,75,76,78,82,84,39,98,117), North
America (n = 5 [11.1%)]) (68,61,95,113,114), Africa (n = 4 [8.9%))
(7,74,83,86), Oceania (n = 1 [2.2%)]) (68) Asia (n = 2 [4.4%)]) (79,97),
and South America (n = 2 [4.4%)]) (64,90). Controlled cohort study
designs were adopted by 34 of the quantitative studies (69.4%)
(9,19,22,58,59,62-67,69,70,73,76,79,80,82-85,89,90,94—
100,113,116,117), while 16 (32.7%) used single group designs (7,2
1,27,60,61,68,71,72,74,77,86,88,91,92,114,115). Sixteen studies
(29.1%) involved individuals with RA only (7,8,19,27,66,73,76,80—
83,86,88,91,92,94,98), 16 (29.1%) with AS only (21,22,59,60,62—
65,69-71,78,79,90,116,117),10(18.2%) with SSc only (61,67,74,7
5,77,88,95,96,113,115), 5 (9.1%) with SLE only (58,68,87,97,114),
4 (7.3%) with SS only (85,89,99,100), and 4 (7.3%) with mixed
inflammatory arthritis conditions (9,72,84,93). Mean + SD inflam-
matory arthritis disease duration ranged from 3.3 + 2.6 to 19.0 +
11.6 years, and 52 studies (94.5%) reported that participants had
a disease duration of >5 years (8,19,21,22,27,60,62,64-69,70-
72,74-81,83,84,86-98,100,113,115-117).

Participants were recruited from tertiary hospital outpa-
tient rheumatology clinics in 11 studies (20%) (9,19,60,65,66,

68,77,79,82,91,93), research hospital outpatient rheumatology
clinics in 2 studies (3.6%) (76,98), nontertiary outpatient rheu-
matology clinics in 13 studies (23.6%) (7,8,19,27,67,70,72,81
,87,88,97,100,113), university hospitals in 18 studies (32.7%)
(19,22,61,63,64,69,73-75,78,81,83,85,86,89,90,96,117), from
research or disease databases/registries in 6 studies (10.9%)
(68,92,94,95,114,115), and in 8 studies (14.5%) the setting was
not stated (21,59,62,71,80,84,99,116). Sample size ranged from
10to 1,272 participants (reported age range 32-63 years; propor-
tion female 0-100%) in quantitative studies (7,9,19,21,22,27,58-
74,76,77,79,80,82-86,88-92,94-100,113-117) and from 8
to 57 participants (reported age range 20-69 years; propor-
tion female 0-53%) in qualitative and mixed-method studies
(8,75,78,81,87,93).

Outcomes reported. Outcomes from quantitative studies
highlighted the fact that sexual dysfunction was more prevalent
among individuals with inflammatory arthritis for both men and
women compared with controls (118) (Table 2). The 2 most com-
mon instruments employed were the Female Sexual Function
Index (FSFI) and the International Index for Erectile Function (IIEF).

FSFI scores were reported in 20 studies (36.4%) (Figure 2). All
patient groups demonstrated a mean score lower than the FSFI
threshold for sexual dysfunction of <26.55 (119), indicating the
presence of sexual dysfunction (7,22,61,66,67,69,70,73,74,77,
80,84,85,86,88,89,96,97,99,100). Of these 20 studies, 15 (75%)
compared an inflammatory arthritis patient group with a control
group, highlighting the fact that most of the inflammatory arthritis
groups had lower FSFI mean scores than controls (22,61,66,67,
69,70,73,80,84,85,89,96,97,99,100). In 2 studies (20%), control
groups demonstrated greater sexual dysfunction than the inflam-
matory arthritis patient groups (69,80). In 5 studies (25%), control
groups reported sexual dysfunction, based on the FSFI threshold,
although their mean scores were still higher than inflammatory
arthritis patient groups (66,67,69,80,99). Five studies (25%) did not
use control groups, but the mean scores reported for their inflam-
matory arthritis groups on the FSFI appeared much lower than the
mean scores of studies with control groups (7,74,77,86,88). Com-
paring outcomes by disease, populations with SSc reported mean
FSFI scores that tended to be the lowest (61,67,74,77,89,96),
although some studies were uncontrolled (74,77).

Seven studies (12.7%) used the IIEF to assess the
impact of inflammatory arthrits on men’s erectile function
(62,65,79,88,90,116,117) (Figure 3). In all studies (62,65,73,79,88,
90,116,117), the mean IIEF scores were <25, indicating erectile
dysfunction (120). All but 1 study compared lIEF scores of inflam-
matory arthritis patients to controls and showed lower mean
scores in the inflammatory arthritis group (62,65,79,90,116,117).
Mean scores for most control groups suggested normal erec-
tile function except for 2 studies, where the control group mean
scores were on the threshold for erectile dysfunction, but these
scores were not lower than the inflammatory arthritis patients’
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(FSFl instrument range =2-36)
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Figure 2. Mean Female Sexual Function Index (FSFI) scores and SDs (error bars). Studies are grouped by type of inflammatory arthritis. Sexual
dysfunction is indicated by an FSFI score of <26.5, indicated by the horizontal line. AS = ankylosing spondylosis; RA = rheumatoid arthritis;

SLE = systemic lupus erythematous; SS = Sjogren’s syndrome; SSc = systemic sclerosis; IA =

Nimwegen et al (100) did not report SDs.

mean scores (62,79). One study did not involve comparison with a
control group, although the mean IIEF score remained lower com-
pared to mean scores of inflammatory arthritis groups across other
studies (88). Comparing outcomes by disease, a population with
SSc had the lowest mean IIEF score (88), followed by AS groups
(62,65,79,90,116,117), while those with RA appeared to have the
highest IIEF mean score (73).

Twenty-six studies (47.3%) utilized outcome measures
that included other validated and reliable tools, shortened ver-
sions of existing tools, or customized tools for that specific

40

35

=0-30)

inflammatory arthritis. *Isik et al (89) and van

study (7-9,19,21,27,58-60,68,64,68,71,72,76,77,82,83,91,92,
94,95,98,113-115). All studies identified sexual dysfunction among
their inflammatory arthritis groups, but few commented on the
impact of inflammatory arthritis on intimate relationships (8,60,94).
In those that did, only the prevalence of disrupted relationships
was explored, which was reported by 38% of men with AS (60) and
44-76% of males and females with RA (8,94). Among the 13 stud-
ies (50%) that compared outcomes with control groups, impaired
sexual function was more consistently reported by patients with
inflammatory arthritis, compared to controls (9,19,58,59,63,64,72,

|

IIEF Mean Score

(IIEF instrument range
~
o

(o]
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0

Bal et al. (2011) Dhakad et aI

(AS) (2015) ( (2004)

H |A Group

Pirildar et al.
(AS)

Sanchez et al.
(2016) (SSc)

Santana et al
(2017) (AS)*

Rezvani et al.
(2012) (AS) *

Sariyildiz et al.
(2013a) (AS)

Control Group

Figure 3. Mean International Index of Erectile Function (IIEF) scores and SDs (error bars). Studies are grouped by type of inflammatory arthritis.
Sexual dysfunction is indicated by an IIEF score of <25 (43,120), indicated by the horizontal line. AS = ankylosing spondylosis; SSc = systemic

sclerosis; IA
these studies are shown instead.

= inflammatory arthritis. “Because Rezvani et al (65) and Santana et al (90) did not report mean scores or SDs, median scores for
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76,82,90,95,98,113). The scope of sexual dysfunction measured
in these studies involved the degree of sexual or erectile dysfunc-
tion (7,9,21,27,58-60,63,76,77,83,93,94,98,114,115,121), the
prevalence of sexual dysfunction (8,68,71,91,92,95), the prev-
alence of patients engaging, initiating, and avoiding intercourse
and foreplay (114), satisfaction with sexual life (72), and individual
domains of sexual function (including desire, masturbation, fanta-
sies, frequency, fatigue, pain, sensation, lubrication, orgasm, inten-
sity of orgasms, and overall sexual satisfaction) (19,64,82,113).

Subject data collection (7,9,19,21,22,27,58-63,65-67,
69-74,76,77,79,80,82-84,86,88-92,96,97,99,113-117),
acceptable case definition (7,9,19,21,22,58-60,62-74,76,77,79,
80,82-84,86,88-92,94-98,113-117), mode of data collection
(7-9,19,21,22,27,58-67,69-74,76,77,79,80,82-84,86,88—
92,94-98,113-117), ashort prevalence period (9,19,21,22,58,60—
63,65-67,69-74,76,77,80,82-84,86,88-91,94-98,116,117),
and validity of measurement tools (7, 9, 19, 21, 22, 58, 60-63,
65-67, 69-71, 73, 77, 79, 80, 82, 84, 86, 88-90, 94-98, 115-
117) were the most common shortfalls across included studies.
Most quantitative studies (n = 37 [75.5%]) were assessed as
having a moderate risk of bias (7,8,21,22,58,59,61,62,66—-69, 72—
74,76,77,79,80,82-84,86,88,90-92,94-96,98,99,113-117).
Only 7 of the studies (14.3%) were considered at low risk of
bias (60,63,65,70,85,89,97), while 6 (12.2%) were assessed as
having a high risk of bias (9,19,27,64,71,100). The risk of bias
in these high-risk studies was primarily related to internal validity
considerations (mode of data collection, case definition, reliable
and acceptable diagnosis, and short period for determining prev-
alence) (9,19,27,64,100).

Metasynthesis of qualitative data. Metasynthesis out-
comes for the 6 eligible qualitative studies are summarized in
Table 3. Two key themes were identified, supported by several
subthemes.

Theme 1: impaired sexual function. Subtheme analysis
demonstrated that sexual function was affected by pain, reduced
sexual desire, erectile dysfunction, and fatigue, along with the
same stressors that affect the general population, such as stress,
and other general life concerns (8,78,87,93,118). Individuals
with inflammatory arthritis reported that they typically changed
the positions previously adopted during intercourse, assuming a
more passive role to reduce pain (78,93). Pain was associated
with a fear of interrupted intercourse or intercourse being post-
poned (78,93). The level of sexual dysfunction often varied with
flares in disease activity, but also with time of day, because pain
and fatigue were more likely to affect sexual dysfunction during
the evening (93,118). Erectile dysfunction largely accounted for
sexual dysfunction in males, which caused frustration, shock,
stress, and a sense of emasculation (93,118). A negative body
image, reduced desire for intercourse, and erectile dysfunction
all contributed to an altered sense of sexuality across both sexes
(87,93,118).

Theme 2: compromised intimate relationships. Intimate re-
lationships tended to transition toward a more caring and less
physical nature as the importance of sexual intercourse was
reduced, particularly during disease flares (93). Some partners
had greater acceptance and understanding of the impact that
inflammatory arthritis had on sexual function than others, as-
sisting to strengthen relationships between partners (8). Others
found that their partners poorly understood the impact of in-
flammatory arthritis on their ability to engage in intercourse, cre-
ating tension and fear in their relationships (75,93,118). Despite
the sexual dysfunction associated with inflammatory arthritis,
women often felt pressured to maintain a normal sex life to pre-
vent relationships being compromised by inflammatory arthritis
(8,93). Poor body image reduced sexual desire in both male
and female populations and restricted individuals from finding
partners (93).

Quality assessment of the qualitative studies is summa-
rized in the Supplementary materials, available on the Arthri-
tis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23857/abstract. Many of the qualitative studies
were considered to have a risk of bias due to lack of considera-
tion of the relationship between researchers and their participants
(8,75,78,87,93), ethical issues (93), or a failure to clearly state the
research aims (87).

Confidence in the metasynthesis findings was evaluated
based on the 4 domains of the GRADE-CERQual approach
(see Supplementary materials, available on the Arthritis Care &
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23857/abstract). Overall, we identified 11 key findings based
on the summary of results from primary studies (Table 3); 2 find-
ings were associated with a high level of confidence that the
review findings were a reasonable representation of the phenom-
enon of interest, while 3 were rated as moderate confidence and
3 were rated as very low confidence.

DISCUSSION

We identified consistent evidence (albeit of varying method-
ologic quality) highlighting an association between inflammatory
arthritis and impacts on intimate relationships and sexual function
for both sexes. Individuals living with inflammatory arthritis con-
sistently demonstrated a higher prevalence of sexual dysfunction
compared to their healthy peers, although these estimates tend
to be crude and are not adjusted for potential confounders. For
both sexes, disease-related factors contributed to sexual dys-
function (including pain, fatigue, and mobility restrictions) and
reduced sexual desire, as well as nondisease-related factors that
typically affect the general population. Erectile dysfunction and its
emotional sequelae largely accounted for sexual dysfunction in
males, while females experienced pressure to continue intimate
relationships despite their sexual dysfunction, causing stress in
relationships (8,93,118).


http://onlinelibrary.wiley.com/doi/10.1002/acr.23857/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23857/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23857/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23857/abstract
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Our review demonstrated that studies have primarily assessed
the impact of inflammatory arthritis on sexual function using the
FSFI and IIEF instruments. All studies using the FSFI showed that
inflammatory arthritis populations had a mean score lower than
the FSFI threshold of <26.55 (119), indicating greater prevalence
of sexual dysfunction compared to healthy controls (22,66,67,69,
70,74,80,84,85,88,89,96,97,99,100). Two studies showed that
healthy populations demonstrated greater sexual dysfunction than
their matched inflammatory arthritis populations (69,80). Demir et al
(69) suggested that this result may be due to excluding psychiatric
history and antidepressant use, which may have reduced the prev-
alence of mental health conditions and sexual dysfunction sequelae
among the inflammatory arthritis group. However, 4 other studies
used these exclusion criteria, and their inflammatory arthritis pop-
ulations had greater sexual dysfunction than controls; no statisti-
cally significant difference in depression between the inflammatory
arthritis group and healthy controls was observed (22,66,84,89).
Hari et al (80) reported that healthy controls had lower FSFI mean
scores than the inflammatory arthritis population, with both groups
falling into the sexual dysfunction category, but the prevalence of
sexual dysfunction was highest among the inflammatory arthritis
group (76%) compared with healthy controls (47.5%).

Several studies used the IIEF as an outcome measure and
showed mean scores of <25, indicating erectile dysfunction in
inflammatory arthritis  populations (62,65,79,88,90,116,117).
Two studies showed that control group mean scores were on
the threshold for erectile dysfunction, but these scores were not
lower than the mean scores for patients with inflammatory arthritis
(62,79). Bal et al (62) reported that these scores were not signif-
icantly different between groups, but due to a small sample size
this study likely lacked adequate statistical power to observe a
meaningful difference. While mean scores of the control group in
the study by Dhakad et al (79) also suggested erectile dysfunc-
tion, IIEF mean scores of the inflammatory arthritis group were
significantly lower. Erectile dysfunction has a multifactorial etiology,
which may explain the prevalence of this condition among healthy
controls (122,123). However, on a background of other disease-
related impacts in men (such as pain, mobility restrictions, and
fatigue), inflammatory arthritis appears to be consistently related
to impaired sexual function and to be a key contributor to compro-
mised intimate relationships.

The synthesized qualitative data support the quantitative
findings, providing further evidence about the impact of inflamma-
tory arthritis on sexual health and relationships. While clinical tools
such as the FSFI and IIEF were useful in quantifying sexual dys-
function, data from the included qualitative studies provided more
in-depth insights, particularly with respect to how intimate relation-
ships were compromised. The reported impacts on intimate rela-
tionships differed across studies and samples, which may reflect
the dynamics of individual relationships. For example, some par-
ticipants reported a decreased focus on sexual intercourse, while
others felt pressured to maintain intimate relationships despite

their apparent sexual dysfunction (8,93). This variability may also
reflect varying levels of partners’ understanding of the sexual dys-
function associated with inflammatory arthritis. Partners with a
greater understanding assisted to strengthen relationships, while
among those who poorly understood disease impacts, tension
and fear were created within relationships (8,75,93,118).

The strengths of this review included our comprehensive
systematic review methods, which involved a specialist research
librarian during search strategy development and the involvement
of at least 2 independent reviewers at every stage of the review
process. Unlike previous reviews (29-39), both sexes were con-
sidered, quantitative and qualitative study designs were included,
and all types of inflammatory arthritis were included, whereas pre-
vious reviews were mostly disease-specific (6,28-34,36-51). This
review also covered a broad range of geographic regions. Overall
risk of bias for the qualitative studies was reasonably low, accord-
ing to the CASP tool (102). The GRADE-CERQual evaluation pro-
vides moderate confidence that the review findings can be used
to appropriately answer our research question.

We also acknowledge the review limitations. We were unable
to conduct a meta-analysis, given heterogeneity of study popula-
tions and outcome measures, and some of the included quantita-
tive studies were of poor methodologic quality. Overall, 74% of the
quantitative studies were considered to have a moderate risk of
bias, suggesting that further research is likely to have an impact on
our confidence of these findings. Nonetheless, the included stud-
ies represent the contemporary evidence base and provide con-
sistent evidence of an association between inflammatory arthritis
and sexual dysfunction. While gray literature was not systemati-
cally searched, we are confident that the comprehensive nature of
our search strategy identified the breadth of evidence relating to
inflamsmatory arthritis and sexual function and intimacy. Given the
consistency identified in quantitative and qualitative data, we do
not expect that unpublished work would change our overall find-
ings. We observed a limited range of outcome measures reported
in quantitative studies, which may introduce an outcomes bias
when interpreting the available evidence. Due to the small num-
ber of eligible qualitative studies, metasynthesis was limited
because themes and subthemes were drawn from only 6 stud-
ies (8,75,78,87,93,118). Furthermore, most studies explored the
impact on sexual function rather than on intimate relationships.
Finally, from the data available, we are unable to speculate on the
temporal nature of the association between disease and sexual
dysfunction and compromised relationships (since most studies
sampled individuals with a disease duration of inflammmatory arthri-
tis of >5 years) and whether age, disease duration, management
approaches, or other health-related factors are likely to mediate
the relationship. Such data limitations represent an important area
for future research. Based on the volume and quality of evidence
reviewed, potential biases associated with cross-sectional studies
and the importance of the topic to patients, we suggest that the
impact of the findings is moderate.
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Qur review identified the fact that many types of inflammatory
arthritis have substantial impacts on sexual function and intimate
relationships. These issues are sensitive in nature and commonly
addressed poorly in clinical practice because they may be embar-
rassing for the clinician and/or the patient toraise (4,8,9,16,18,19,21—
24,56). Our findings can be used to increase clinicians’ awareness
and thus encourage discussions with their patients from the early
stages of management. While raising these issues in initial con-
sultations may be difficult, given competing disease priorities and
the need to establish rapport and active disease management, our
findings suggest that sexual health and relationships are important
components of overall health and should therefore be components
of routine inflammatory arthritis management (125).

Sexual dysfunction is prevalent in female and male popula-
tions diagnosed with various forms of inflammatory arthritis. Sex-
ual dysfunction in inflammatory arthritis is associated with pain,
reduced sexual desire, erectile dysfunction, fatigue, and mobility
restrictions. Because sexual health is an important component of
well-being, raising clinician and patient awareness of sexual dys-
function associated with inflammatory arthritis could facilitate the
provision of more holistic care.
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BRIEF REPORT

Impact of Having Family History of Psoriasis or Psoriatic
Arthritis on Psoriatic Disease

Dilek Solmaz,' Sibel Bakirci," Gezmis Kimyon,? Esen K. Gunal,® Atalay Dogru,* Ozun Bayindir,” Ediz Dalkilic,®
Cem Ozisler,” Meryem Can,® Servet Akar,’ Gozde Y. Cetin,'® Sule Yavuz?® Levent Kilic,"' Emine F. Tarhan,"
Orhan Kucuksahin,” Ahmet Omma," Emel Gonullu," Fatih Yildiz,'® Emine D. Ersozlu,"” Muhammet Cinar,'®
Atallah Al-Onazi," Abdulsamet Erden,”” Muge A. Tufan,' Sema Yilmaz,*® Seval Pehlevan,”’ Umut Kalyoncu," and
Sibel Z. Aydin'

Objective. Psoriatic arthritis (PsA) has a genetic background. Approximately 40% of patients with psoriasis or
PsA have a family history of psoriasis or PsA, which may affect disease features. The aim of this study was to assess
the effects of family history of psoriasis and PsA on disease phenotypes.

Methods. Data from 1,393 patients recruited in the longitudinal, multicenter Psoriatic Arthritis International Data-
base were analyzed. The effects of family history of psoriasis and/or PsA on characteristics of psoriasis and PsA were
investigated using logistic regression.

Results. A total of 444 patients (31.9%) had a family history of psoriasis and/or PsA. These patients were more
frequently women, had earlier onset of psoriasis, more frequent nail disease, enthesitis, and deformities, and less
frequently achieved minimal disease activity. Among 444 patients, 335 only had psoriasis in their family, 74 had PsA,
and 35 patients were not certain about having PsA and psoriasis in their family, so they were excluded from further
analysis. In the multivariate analysis, family history of psoriasis was associated with younger age at onset of psoriasis
(odds ratio [OR] 0.976) and presence of enthesitis (OR 1.931), whereas family history of PsA was associated with low-
er risk of plaque psoriasis (OR 0.417) and higher risk of deformities (OR 2.557). Family history of PsA versus psoriasis
showed increased risk of deformities (OR 2.143) and lower risk of plaque psoriasis (OR 0.324).

Conclusion. Family history of psoriasis and PsA impacts skin phenotypes, musculoskeletal features, and disease
severity. The link between family history of psoriasis/PsA and pustular/plague phenotypes may point to a different

genetic background and pathogenic mechanisms in these subsets.

INTRODUCTION

Psoriasis and psoriatic arthritis (PsA) are multidimensional
diseases with a strong genetic component. The genetic basis of
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psoriasis and PsA is recognized based on family aggregation stud-
ies, epidemiologic studies, association studies with human leuco-
cyte antigens, genome-wide linkage scans, and candidate gene
studies (1). According to population-based epidemiologic studies,
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SIGNIFICANCE & INNOVATIONS

* Psoriasis and psoriatic arthritis (PsA) are diseases
that have strong genetic backgrounds. The role of
genetics is not only important for the occurrence of
the disease but also impacts the phenotype of the
patients.

+ To date, all studies that have investigated the effect
of family history have combined psoriasis and PsA
and examined the effect in combination as psori-
atic disease.

« Family history of psoriasis and PsA has an impact
on skin phenotypes, musculoskeletal features, and
disease severity. Family history of PsA versus psori-
asis has increased risk of deformities and lower risk
of plaque psoriasis.

+ The latter is especially of interest because there are
well-demonstrated differences in the pathogenesis
of plaque versus pustular psoriasis, and the link be-
tween family history of psoriasis/PsA and pustular/
plaque phenotypes may point to a different genetic
background and pathogenic mechanisms in these
subsets.

approximately 40% of patients with psoriasis or PsA have a family
history of either of these in first-degree relatives (FDRs) (2). Also, for
patients with PsA, the recurrence risk ratio (RR) for PsA and psoriasis
in FDRs is very high (RR 30-55 for PsA and 4—10 for psoriasis) (3).

Cases of familial versus sporadic PsA have some differences
in terms of disease features, such as an earlier age at onset of
psoriasis, more frequent nail involvement, and more severe dis-
ease in the case of a family history of PsA and/or psoriasis (2).

To the best of our knowledge, studies evaluating the
effects of family history have always combined psoriasis and
PsA, and the individual effects have not been studied. Because
of the genetic differences between psoriasis and PsA as well
as the differences between familial and sporadic cases, we
hypothesized that family history of psoriasis versus PsA may
lead to different disease phenotypes.

PATIENTS AND METHODS

Patient and data collection. The Psoriatic Arthritis Inter-
national Database is a prospective, multicenter registry for PsA,
which was initially developed in Turkey in 2014 and has had the
participation of Canada since 2015. Ethics approval was obtained
from the local ethics committees (Hacettepe University Ethics
Board, Ankara [GO 14/578]; Ottawa Health Science Network
Research Ethics Board, Ottawa [20160436-01H]), and all patients
gave informed consent prior to data collection. Patients were con-
secutively registered to the registry with the aim of investigating real-
life data using a web-based system (www.trials-network.org). PsA
diagnosis was based on the clinical decision of a rheumatologist,
and 86.9% of these patients fulfilled the criteria of the Classification

of Psoriatic Arthritis Study Group (4) In this registry, demographics
(sex, date of birth, education level, smoking status, weight, height,
and calculated body mass index), psoriasis-related data (type,
duration, initial site, and nail involvement), and PsA-related data
were collected; the details of the collection having been extensively
described before (5). Family history was investigated for psoria-
sis and PsA separately by asking patients the question, “As far as
you know, does any member of your family have psoriasis/PsA?”
If the answer was affirmative, the relationship of the affected family
member with the patient was documented, again, separately for
psoriasis and PsA.

Statistical analysis. Descriptive analyses were given
using mean + SD values for continuous variables and number
(percentage) for categorical variables. Either the chi-square test
or Fisher’s exact test was used to analyze differences between
categorical data, while Kruskal-Wallis and Mann-Whitney U
tests were applied to test statistical differences between con-
tinuous data, as appropriate. We performed logistic regression
to determine independent predictors that may be associated
with family history of psoriasis or PsA. Plaque psoriasis, nalil
involvement, presence of enthesitis and joint deformity, age of
onset of psoriasis, and sex were included in the final regression
model. Due to missing data, minimal disease activity (MDA)
could not be included in the final model to calculate MDA sta-
tus for a large number of patients. SPSS, version 22.0, was
used to conduct all statistical analyses.

RESULTS

Effect of family history of psoriasis and/or PsA on
disease characteristics. Among 1,393 patients in the data-
base (mean + SD age 48 + 13.1 years; 63.2% female), 444
patients (31.9%) had a family history of psoriasis or PsA. Patients
with a positive family history were more frequently women, had
an earlier age at onset of psoriasis, had more frequent nail dis-
ease, enthesitis, and presence of deformities, and less frequently
achieved MDA (Table 1). On the other hand, no statistical differ-
ences were observed for other demographics, clinical charac-
teristics (such as body mass index, arthritis pattern, and number
of skin involvement sites), disease activity (measured with the
Bath Ankylosing Spondylitis Disease Activity Index), and func-
tional indexes (measured with the Bath Ankylosing Spondylitis
Functional Index and Health Assessment Questionnaire). Among
patients with a family history of psoriasis or PsA, 320 (72%) had
FDRs who had been affected; the rest were second-degree rel-
atives.

Disease characteristics according to family history
of psoriasis or PsA. The majority of patients with family history
had only psoriasis in their family (335 of 444), while 74 patients had
a family history of PsA. A total of 35 patients were not certain about


http://www.trials-network.org

FAMILY HISTORY IN PSORIATIC ARTHRITIS 65
Table 1. Demographic and clinical features of patients with PsA with or without FH*
FH of No FH of FH of FH of only
psoriasis or PSA  psoriasis or PsA PsA psoriasis
(n = 444) (n =949) P (n=74) (n=335) P
Age, mean + SD years 48 +13.2 48 +13.0 0.536 49 £13.0 48 +13.2 0.370
Sex 0.412
Male 145/444(32.7) 368/949 (38.8) 0.028t 28/74(37.8) 106/335 (31.6)
Female 299/444 (67.3) 581/949 (61.2) 46/74.(62.2) 229/335 (68.4)
Age at psoriasis onset, mean + SD years 29+14.8 31+£149 0.0071 31.9+14.8 281 +14.4 <0.0011
Age at PsA onset, mean £ SD years 39+13.8 40 £ 131 0.450 41 +£13.4 39+13.6 0.162
BMI, mean + SD kg/m? 284+55 28.0+£51 0.316 278+47 28.7+5.8 0.360
Time of psoriasis onset 0.100
Before PsA 348/435 (80.0) 704/937 (75.8) 0.083 50/71 (70.4) 268/329 (81.5)
Synchronous 77/435 (17.7) 195/937 (20.8) 19/71 (29.6) 53/329 (16.1)
After PsA 10/435 (2.3) 38/937 (4.1) 2/71(2.8) 8/329 (2.4)
Type of skin lesions 0.001t
Plaque psoriasis 221/294(75.2) 481/665 (72.3) 0.043t 30/52 (57.7) 183/231 (79.6)
Pustular psoriasis 48/294 (16.3) 147/665 (22.1) 18/52 (34.6) 29/231(12.6)
Others 25/294 (8.5) 37/665 (5.6) 4/52(7.7) 19/231 (8.2)
No. of skin involvement sites 0.836
<3 287/376 (76.3) 576/773 (74.5) 0.504 49/64 (76.6) 223/296 (75.3)
>3 89/376 (23.7) 197/773 (25.5) 15/94 (23.4) 73/296 (24.7)
Arthritis pattern
Polyarthritis 186/442 (42.1) 393/945 (41.6) 0.862 37/74(50.0) 136/334 (40.7) 0.144
Oligoarthritis 169/442 (38.2) 338/945 (35.8) 0.374 23/74(31.1) 130/334 (39.5) 0176
Monoarticular 17/442 (3.8) 40/945 (4.2) 0.738 4/74(5.4) 13/334(3.9) 0.566
DIP 781442 (17.6) 165/945 (17.5) 0.932 14/74 (18.9) 58/334(17.4) 0.751
Arthritis mutilans 2/442(0.5) 7/945 (0.7) 0.533 0 2/334(0.6) 0.505
Axial involvement 162/442 (36.7) 330/945 (34.9) 0.530 37/74(50.0) 136/334 (40.7) 0.108
Joint deformity 86/332 (25.9) 126/632 (19.9) 0.034t 19/55 (34.5) 60/249 (24.1) 0174
Dactylitis (ever) 132/443 (29.8) 281/948 (29.6) 0.953 19/74(25.7) 105/334(31.4) 0.330
Enthesitis (ever) 118/418 (28.2) 156/883 (17.7) <0.001t 17/71(23.9) 83/311 (26.7) 0.617
Nail involvement 225/443 (50.7) 281/948 (29.6) 0.032t1 38/74(51.4) 174/334(52.1) 0.908
MDA 39/101 (38.6) 106/214 (49.5) 0.045t 8/17 (47.1) 28/77 (36.4) 0.412
BASFI, mean + SD 29+24 31+24 0.626 29+23 29+23 0.952
BASDAI, mean + SD 42+24 39+25 0.191 43+22 41+£21 0.598
HAQ, mean + SD 0.76 £ 0.7 0.71+£0.6 0.538 0.88+0.7 0.72+0.7 0.144
RF positivity 55/443 (12.4) 129/948 (13.6) 0.610 11/74.(14.9) 41/334 (12.3) 0.546

* Values are no./total no. (%) unless indicated otherwise. PsA = psoriatic arthritis; FH = family history; BMI = body mass index; DIP = distal inter-
phalangeal; MDA = minimal disease activity; BASFI = Bath Ankylosing Spondylitis Functional Index; BASDAI = Bath Ankylosing Spondylitis
Disease Activity Index; HAQ = Health Assessment Questionnaire; RF = rheumatoid factor.

t Significant.

having PsA in addition to psoriasis in their family and therefore were
excluded from further analysis. The onset of psoriasis occurred
earlier in patients with a family history of psoriasis compared to
those with a family history of PsA (mean + SD age 28.1 + 14.4
years versus 31.9 + 14.8 years; P < 0.001) (Table 1).

There were differences in the type of skin lesions accord-
ing to family history of psoriasis or PsA. Plaque psoriasis was
more common in family history of psoriasis, while there was
an increased frequency of pustular psoriasis in family history
of PsA (Figure 1).

Univariate analysis of the effect of family history
on disease characteristics. In comparison to patients with
no family history, having a family member with psoriasis was
a risk factor for nail disease, enthesitis, plague psoriasis, and
younger age of onset of psoriasis. Also, women had more family

history of psoriasis (Table 2).

Similarly, when compared to patients with no family his-
tory, having a family member with PsA was a risk factor for the
presence of deformities and protective against having plaque

100 8.3 2 5.6
80 J22, - ﬁ
60 ﬁ Others ]
40 W Pustular
& Plaque
20
0

Psoriasis PsA None

Figure 1. Distribution of skin lesions according to family history.
Numbers are given as percentages. PsA = psoriatic arthritis.



SOLMAZ ET AL

66

JuedIUSIS [y
‘ZLT=N§
€Ly =Nt
"€09=N1
‘|BAIDIUL DDUIPIFUOD %G6 = |D %SG6 ‘013 SPPO = YO ‘Shiynie dneosd = ysd x
(#69'0-251°0) (S29°0-681°0) (918'0-€1L2°0) (0€6'0-762°0) (7L2'Z-788°0) (960'7-610'1)
b700°0 vZe0 b2000 8GE0 bLLO0 LIY'0 bzz00 €¢5°0 LSL'0 66€°L b6c00 Lov'L siseliosd anbejd
(£L9€'5-250'L) (758'2-5¢8°0) (¥€T'S-05C'L) (1L05°€-€60'1) (ly0'z-618°0) (ELL'1-€S5°0) SolIUWIOep
bzc00 evLe 9/10 GES'L bOLOO VAN b7c00 9¢6'L 69¢°0 €6l 1ZAN0] 7840 JO @dUssald
(S20'L-€£1'0) (€9G°L-1/¥7°0) (£16'L-19€°0) (6657-878°0) (cze'z-9L2'L) (LLE2-192°L)
/500 L¢v7'0 £L19°0 8580 5990 €80 6810 L97'L [»200°0 LE6'L bL000 60L'L (U9A3) spissyiug
(L29'7-1650) (909'1-985°0) (¢09°7-6£90) (601'2-818°0) (Z77'1-8£9°0) (LEL'L-¥SO'L) (12n3)
550 Sl 8060 L/60 90%°0 6ce’L 6520 elel 560 6860 bs100 €5¢e’L JUSWIDA|OAUL [IEN
(0EE'L-70€°0) (6127-6LL0) (G£S°L-02t°0) (£69'1L-0%79°0) (L££'1-828°0) (98£°1-2¢50°L)
9€9'0 9€90 S0E0 Slel LSO 7180 898°0 o'l Lee0 eLct [»020°0 LLEL XoS
(Lv0'L-266'0) (9€0°1-000°L) (8L0'L-€£6'0) (610'1-986'0) (686'0-796'0) (766'0-926'0) sieak 19suo
G800 fadon’ bov00 8L0°L 0490 5660 €940 200°L bLo0O 0> 9/6'0 bL00O0 G860 siseliosd 1e a8y
d (1D %S6) d (ID %S6) d (1D %56) d (1D %56) d (1D %56) d (1D %S6)
<[0) <[0) <[6) <[e) <[e) <[e)
galeleAnnu 9leleAlun +9)elIeAlNW 9lelIeAlUN 1a1eeApRnw 9leleAlUN
‘siseliosd 'SA VSd ‘siseljosd ‘SA VSd ‘BUOU "SA VSd '3UOU "SA VS ‘BUOU "SA SISPLI0Sd '3UOU "SA SISPLI0Sd

.Vsd Jo siseniosd Jo Aloisiy Ajiwe) yum siusied Ul SisAfeue e1eleAlnw pue sieueAlun  °g alqel



FAMILY HISTORY IN PSORIATIC ARTHRITIS

67

psoriasis (Table 2). Family history of PsA versus psoriasis was
a risk factor for plaque psoriasis. This group also had psoriasis
at an older age.

Multivariate analysis of the effect of family history
on disease characteristics. In the multivariate analysis, in
comparison to patients with no family history, having a family
member with psoriasis remained a risk factor for enthesitis and
younger age at onset of psoriasis (Table 2). For the comparison
of family history of PsA versus none, the same factors that were
identified in the univariate analysis remained to be significant
in the multivariate analysis. Having a family member with PsA
was a risk factor for the presence of deformities and protective
against having plaque psoriasis (Table 2). Family history of PsA
versus family history of psoriasis had increased risk for deformi-
ties and lower risk for plaque psoriasis.

The effect of paternal versus maternal transmis-
sion. Because previous studies have demonstrated a differ-
ence between paternal versus maternal transmission (6), further
analysis was made to test a similar effect in our registry. A total
of 174 patients had an affected parent (psoriasis or PsA). A total
of 92 of these patients (53%) had an affected father; 82 patients
(47%) had an affected mother. There was no difference in dis-
ease characteristics among patients whose father or mother
was affected (data not shown).

DISCUSSION

The genetic load of psoriasis and PsA has been well
described in the literature, as has the effect of family history of
psoriasis and/or PsA on disease outcomes (2,3,6,7). However,
the differences between psoriasis and PsA in family history have
not been examined before. To the best of our knowledge, this is
the first study that has shown that having family member(s) with
PsA versus psoriasis has an impact on the disease phenotype
and severity, with patients who have a family history of PsA hav-
ing an increased risk of pustular psoriasis and more deformities
compared to a family history of psoriasis.

A large number of genetic loci have been described in psori-
asis in the last decade by the genome-wide association studies.
Fewer studies have been conducted to identify PsA risk variants
(7—11). The studies show that the significant differences in the
genetic architecture of psoriasis and PsA may also be reflected
in the phenotypic characteristics of these diseases. Differences
in the strength of association with psoriasis and PsA have been
repeatedly observed for the major histocompatibility complex,
including a stronger association of HLA-C*06 with psoriasis and
a stronger association of HLA-B*27 with PsA. Two other impor-
tant PsA risk variants resulting from these studies are near IL23R
and near TNFAIP3 (10-13). Our data confirm that the genetic
differences between psoriasis and PsA in the family may cause a

different phenotype in the index patient. The histologic and clin-
ical differences between plague and pustular psoriasis may also
be due to the genetic differences between patients (14). Innate
immune system abnormalities have been shown to be important
in pustular psoriasis, with an increased role of interleukin-1 and
interleukin-36 in the pathogenesis (15). Paradoxical psoriasis in
patients treated with anti-tumor necrosis factor also quite fre-
quently appears to be pustular psoriasis, suggesting a different
pathogenic mechanism (16). The simple difference in PsA ver-
sus psoriasis in family members may point to a deeper genetic
difference in familial cases of psoriatic disease and may be an
important factor to consider in the era of personalized medicine.

The literature supports some clinical differences between
familial and sporadic cases of PsA, such as an earlier age
of onset of psoriasis, more frequent nail involvement, more
severe disease, higher frequency of skin lesions prior to arthri-
tis, higher erythrocyte sedimentation rate, and a lower inci-
dence of rheumatoid factor positivity (2,3,6). Similarly, in this
cohort we found an earlier age of onset of psoriasis, more
frequent nail involvement, more frequent enthesitis, and more
frequent deformity in familial cases, which is evidence for the
external validity of our cohort and data collection.

Our study has some limitations. Family history is not
always easy to obtain because patients may or may not be
aware of diseases of their family members, especially for
second-degree relatives or if family members have a mild
disease. However, this is true for all studies that investigate
family history, and the accuracy of this method has been
demonstrated previously (17). Family history of psoriasis or
PsA was found in 31.9% of the patients in our study, which
confirms external validity and is in agreement with the litera-
ture (2). Our data are only based on observations, and lack
of genetic analysis in the patients prevents us from drawing
firm conclusions. Also, the data were collected in 35 centers,
and there may be variations on data collection across centers
despite the precautions to enhance homogeneity taken prior
the study.

In conclusion, family history of psoriasis and PsA has an
impact on skin phenotypes, musculoskeletal features, and dis-
ease severity. The link between family history of psoriasis/PsA and
pustular/plague phenotypes may point to a different genetic back-
ground and pathogenic mechanisms in these subsets.
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“Reluctant to Assess Pain”: A Qualitative Study of Health
Care Professionals’ Beliefs About the Role of Pain in

Juvenile Idiopathic Arthritis
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Objective. Reducing pain is one of the main health priorities for children and young people with juvenile idiopathic
arthritis (JIA); however, some studies indicate that pain is not routinely assessed in this patient group. The aim of
this study was to explore health care professionals’ (HCPs) beliefs about the role of pain and the prioritization of its

assessment in children and young people with JIA.

Methods. Semi-structured interviews were conducted with HCPs who manage children and young people with
JIA in the UK (including consultant and trainee pediatric rheumatologists, nurses, physical therapists, and occupa-
tional therapists). Data were analyzed qualitatively following a framework analysis approach.

Results. Twenty-one HCPs participated. Analyses of the data identified 6 themes, including lack of training and
low confidence in pain assessment, reluctance to engage in pain discussions, low prioritization of pain assessment,
specific beliefs about the nature of pain in JIA, treatment of pain in JIA, and undervaluing pain reports. Assessment of
pain symptoms was regarded as a low priority and some HCPs actively avoided conversations about pain.

Conclusion. These findings indicate that the assessment of pain in children and young people with JIA may be
limited by knowledge, skills, and attitudinal factors. HCPs’ accounts of their beliefs about pain in JIA and their low
prioritization of pain in clinical practice suggest that a shift in perceptions about pain management may be helpful for
professionals managing children and young people with this condition.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a chronic inflammatory
arthritis diagnosed in children and young people <16 years of age
(1). Chronic pain is one of the most common features of this long-
term condition (2-6) and many studies have demonstrated that
pain has a high daily prevalence in JIA (7,8). Managing JIA-related
pain can be both a challenge and a burden for children and young
people, as it can interfere with multiple aspects of everyday life (9)
including physical, social, and academic activities (10).

In a thematic synthesis of the experiences of children and
young people living with JIA, Tong et al (11) found that the invisi-
ble nature of pain was described as the “worst thing” about living
with the condition. In another study, patients viewed opportunities to
describe the course of pain in JIA as high priority, whereas health care
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professionals’ (HCPs’) views did not correspond (12). Some authors
suggest that HCPs regularly overlook the assessment of pain in chil-
dren with long-term conditions (13,14), however it is not clear why
this might be the case. This situation is problematic because the
presence of pain in children with JIA is not fully explained by dis-
ease activity alone (2,15). Chronic pain continues to be a burden
even throughout periods when underlying disease processes are
controlled with medication and disease activity is low (5,7,16-19).
Furthermore, HCPs have been poor at predicting levels of pain in
children with JIA, sometimes providing overestimated (i.e., worse)
ratings than children themselves (20) and sometimes underesti-
mations (21). The nonlinear relationship between pain and disease
activity, taken together with HCPs inability to accurately estimate
pain levels, suggests that a separate assessment of pain is neces-
sary and should include self-report of pain symptoms by children.
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SIGNIFICANCE & INNOVATIONS

+ Health care professionals reported gaps in pain-
specific knowledge and skills to assess and manage
pain in children with juvenile idiopathic arthritis (JIA).

+ Beliefs about the occurrence of pain in the con-
text of JIA contributed to a reluctance to prioritize
pain assessment by some rheumatologists, nurses,
physical therapists and occupational therapists.

+ Therapists were more likely than rheumatologists
to express concerns about an “over-medicalized”
approach to treatment of JIA.

+ A paradigm shift in approaches to pain assessment
and communication by professionals managing
those with JIA may be useful to improve both pain
management and pain communication with pa-
tients and families.

Pain assessment provides the basis upon which to develop,
refine, and evaluate pain management strategies and is necessary
to achieve improvements in pain symptoms (22). A full pain assess-
ment requires attention to intensity, frequency, location, and inter-
ference, information which should inform JIA care decisions (10).
Despite many authors advocating thorough pain assessment in
JIA, there is little published literature investigating HCPs attention
to pain in this long-term condition. The aim of the current research
study was to explore HCPs’ beliefs about the role of pain and the
prioritization of its assessment in professionals involved in the man-
agement of children and young people with JIA throughout the UK.

MATERIALS AND METHODS

The research that was carried out was in compliance with
the Helsinki Declaration. Ethical approval was granted by the
authors’ institutional research ethics committee (ref: 15454).
HCPs were recruited via a study advertisement circulated by The
British Society for Paediatric and Adolescent Rheumatology, a
professional membership organization (23). HCPs were eligible
for the study if they worked in the UK National Health Service
as pediatric rheumatologists (either consultant or trainee), pedi-
atricians, nurse specialists, physical therapists, or occupational
therapists managing children and young people with JIA.

A data-driven inductive approach was chosen to guide
data collection and analysis as there was no predefined the-
ory about pain assessment and communication in UK pedi-
atric rheumatology settings. Interviews were conducted either
face-to-face or over the telephone and all were digitally audio
recorded. Interviews were semistructured and followed the
format and questions outlined in the interview topic guide
(Table 1). The first draft of the interview topic guide was devel-
oped among the authors, mainly using observations of clinical
consultations between pediatric rheumatologists and patients
with JIA. During the observations of HCPs in the clinic of 1

author (RRL), notes were made about issues discussed with
patients, explanations of disease or pain, attention given to
assessment, and specific advice given about treatment. These
observations were mapped onto existing rheumatology and
pain-specific literature (including research and clinical guide-
lines) about pain assessment and management issues in each
field. Contrasts in the pain assessment approaches in the fields
of pain and rheumatology were used to highlight specific prob-
lems. Issues and problems raised through observations and
research articles were then developed into questions by the
study team.

The interview topic guide was refined after piloting with
a trainee pediatric rheumatologist. Audio recordings of inter-
views were transcribed verbatim. All audio recorded inter-
views were uploaded to and analyzed in NVivo 10 (QSR
International).

The framework analysis method (24) was adopted. The 5
stages of conducting framework analysis include familiarization,
identification of a thematic framework, indexing, charting, and
mapping/interpretation. One author (RRL), an experienced qual-
itative analyst with a research background in Health Psychology,
served as the main analyst and coded all of the data in NVivo
using audio recordings and interview transcripts simultaneously.
Data collection was paused after the first 6 interviews as a famil-
iarization exercise for the main data analyst, to ensure the data
being captured was in line with the aims of the study and so that
the interview guide could be maodified if the data collected was
not appropriate. Two other members of the research team (AR
and LC) reviewed audio recordings, transcripts, initial themes, and
interpretations produced from the main data analyst at this stage
of the analysis. Disagreements (e.g., the meaning of participant
quotations and how they mapped onto themes in the initial index)
were addressed through group discussions until clarity and con-
sensus were obtained. The interview guide was not modified fol-
lowing this because questions were considered to be appropriate
and data capture was relevant to the aims of the study (as agreed
upon by all authors).

During this data collection pause, an initial index of themes
was developed in line with the framework analysis approach
(24) by the main data analyst. The initial index portrayed a pri-
ori issues (reflecting the research aims and questions posed
in the interview guide) as well as new issues raised by partici-
pants and recurring patterns of views in data. The initial index
included categories of early emerging themes and was used
to examine, sort, and guide the interpretation of interview
data. The initial index was refined and developed further as the
remaining interview data were collected and interpreted. New
themes were added to the initial index, and the interpretations
of initial themes were adapted based upon new evidence. The
process of refining and developing the initial index was con-
ducted with 2 other members of the research team (AR and
LC) until a thorough index that could be applied to participant
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Table 1.

Final topic guide used in semistructured interviews*

Questions

Probes and prompts

What is your experience of working with individuals
with JIA?

How/what do you consider the role of pain to be in
JIA?

What do you think are the main influences/causes
upon the amount/severity of pain an individual
with JIA suffers from?

Do you believe that significant attention to pain is
given in clinical consultations between health
care professionals and CYP with JIA?

Do you routinely assess pain as part of your clinical
appointments with patients?

How do you communicate with patients with JIA
about pain symptoms?

To what extent do you think information about pain
is used to guide management/treatment
decisions in JIA?

What advice do you give patients about pain
management?

To what extent do you think pain assessment is
conducted in current practice?

Do you use any particular guidelines or policy
documents for measuring progress in JIA?

How do you think we can make pain assessment
better for CYP with JIA?

Do you think pain assessment is conducted
similarly between all groups of health care
professionals?

Current role and past roles?

Frequency of contact with patients with JIA?

Training in assessment and management of JIA/pain?
What is the importance of pain for CYP with JIA?
What is the relationship of pain with disease activity?
What are the biomedical influences?

What are the biopsychosocial influences?

Could you tell me about some of your own experiences of addressing pain in these
patients?

Can you tell me about any possible reasons or scenarios in which pain is/is not
significant to consider?

What do you tend to focus on?

What do you tend to not spend much time covering?

How is the topic of pain approached?

Are there any particular barriers to talking about pain?

What helps you and patients to communicate about pain?

Do you use any particular scales?

Do you think the reporter of pain is important?

Are there any facets of pain information which you find to be more important than
others (e.g., information about intensity, location, frequency)?

How does pain information affect your treatment/management decisions?

What would you adapt in your treatment/management plan of patients based on pain
reports?

What advice do you give regarding the impact of pain?

What advice do you give if patients complain of their joints being painful?

What issues do you envisage with aiming to make pain assessment better in practice?

What guidelines are you aware of?

What is your opinion on the appropriateness/inappropriateness of outcomes
measured?

Do you think any particular tools would be helpful?

Or any particular resources helpful?

Do you think particular teams of professionals are helpful to have involved in assess-
ment and pain management?

Do you think different professional teams are better placed to assess pain?

Do you think there is a difference in pain assessment approaches between people
working in the same profession?

* JIA = juvenile idiopathic arthritis; CYP = children and young people.

data was created (see Supplementary Table 1, available on the
Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23827/abstract).

Using the index, data were arranged hierarchically into
themes and subthemes by the main analyst (RRL). A matrix
output was generated once all interview transcripts had been
organized into these themes/nodes (25). Comparisons were
made between participants’ accounts to look for meaning and
connections. These connections were then organized, grouped,
and mapped using the index and were then interpreted into

Table 2. Participant characteristics

overarching themes and narratives. Two other members of
the research team (AR and LC) reviewed the organized data,
emerging themes, and narratives for clarity and meaningfulness.
Themes were reorganized and reinterpreted as part of some
discussions between the research team. When there were any
apparent gaps in the themes identified, interview transcripts
were revisited for additional coding to support and/or refute the
interpretations generated from the data.

After 15 interviews, the materialization of new informa-
tion from participants plateaued. Six planned interviews were

Experience, Interview type oex Total no. of

Health care profession  years (range)  Telephone  Face-to-face Female Male participants
Pediatric rheumatologists* 1.5-20 6 2 7 1 8
Pediatricians 2 0 1 1 0 1
Nurses 1-5 3 0 3 0 3
Physical therapists 0.5-12 3 3 5 1 6
Occupational therapists 0.25-14 3 0 3 0 3

*Including 2 trainees.
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carried out to ensure that data saturation had occurred.
Despite ongoing interest from 5 professionals, no further inter-
views were planned.

RESULTS

Participant demographics. Twenty-one HCPs partici-
pated, working in 12 different pediatric rheumatology depart-
ments across England and the Republic of Ireland (Table 2).
Interview times ranged from 28 to 65 minutes (mean = 45 min-
utes). The sample of HCPs included 19 female and 2 male, which
is representative of rheumatology departments in the UK (latest
estimates indicate 94% of staff are female) (26). Six interviews
were conducted face-to-face and 15 interviews were completed
over the telephone.

Themes and interpretation. Six overarching themes
were identified: 1) training, confidence, and competencies in
pain assessment; 2) reluctance to engage in pain discussions;
3) low prioritization of pain assessment; 4) beliefs about pain in
JIA; B) treatment of pain; and 6) undervaluing pain reports. Each
of these themes will be discussed as a narrative account in sub-
sequent tables.

Theme 1: Training, confidence, and competencies in
pain assessment (Table 3). Participants reported that they had
had little or no training on how to assess chronic pain symptoms
in children and young people with JIA, and that pain was not an
explicit part of rheumatology training. Pain education may have
occurred as part of general medical training under the premise that
additional knowledge and skills would be picked up in practice
by individuals specializing in the field of pediatric rheumatology.
Participants indicated that they only learned how to assess and
manage pain symptoms in JIA by following current departmen-
tal practices. Participants perceived a lack of availability of pain-
specific knowledge or skills training at later stages of their careers.

Participants reported their low levels of confidence in
approaching and talking to children and young people about
pain experiences because of their lack of pain training. Some
felt that other HCP groups were more equipped for this task
or perceived other HCPs as having the specific competen-
cies needed for assessing pain in this group. An issue that
recurred in several interviews was the idea that therapists, such
as occupational or physical therapists, were best placed for
assessing pain. Rheumatologists generally discounted them-
selves as being the best placed for assessing pain because
they did not know how to ask the right questions about pain
and were not trained to do so. In the accounts provided by
therapists, their perceived suitability was linked to the addi-
tional time available, less formal consultations and more regular
contact with patients, as well as their specific skill sets relating
to pain assessment. Therapists believed that referrals that they

received to manage patients with pain could sometimes be due
to rheumatologists not having the skill set required to address
pain without therapy input. Although therapists discussed
being best placed to assess pain, it transpired in later themes
that there were several other factors that appear to contribute
to the lack of pain assessment by allied health professionals.

Theme 2: Reluctance to engage in pain discussions
(Table 3). A reluctance to directly elicit information from patients
about their pain was found in some of the interviews conducted.
Some participants indicated that explicit assessment was not
necessary in order to assess pain levels of individuals with JIA.
Rather, participants in the current study believed that they could
make sense of pain of a child or young person by how they
reported on other aspects of their condition, such as joint stiff-
ness. Here, participants felt able to make judgments about pain
levels without direct reports from their patients.

Another reason why participants did not ask about pain
was because some HCPs feared that there would be undesir-
able consequences of doing so. There were some concerns
that patients may exaggerate or misrepresent their pain expe-
riences simply because they were being asked about pain, or
because by putting pain assessment on the agenda patients
would feel obliged to report it. Furthermore, participants
thought that discussions about pain or a focus on symptoms
may lead to children and young people feeling more pain as
a consequence of the consultation. Finally, participants dis-
cussed how conversations about pain were by their nature
“depressing” and could possibly worsen well-being or lower
patient motivation for self-management.

HCPs rarely asked for pain information from patients directly
in clinical consultations, which (as discussed) demonstrates a
reluctance to approach and seek information about pain from
a HCPs perspective; however, a notable finding in the current
study is that even when patients themselves brought up the
topic of pain in consultations, some HCPs would actively avoid
engaging in conversations. Some participants reported that
they would purposefully not become involved in discussions
about pain because they were aware that they did not have the
resources to address pain management. The difficulties associ-
ated with addressing the root cause of pain acted as a deterrent
to approaching the subject.

Theme 3: Low prioritization of pain assessment
(Table 4). This theme is closely related to the previous theme
but shows how a reluctance to discuss pain can contribute to
the low prioritization of the assessment of pain across the range
of HCPs interviewed. Participants reported that they did not want
to dwell on pain in clinical consultations and that pain assess-
ment was not necessary at every rheumatology appointment.

Some participants acknowledged the importance of pain
assessment but that it had a lower priority relative to other
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Table 3. Themes 1 and 2, subthemes, and associated interview excerpts®

Themes and subthemes Interview excerpts

Theme 1: Training, confidence, and competencies in pain assessment
Subthemes
There is little/no formal training in how to assess chronic
pain. Pain education may occur in medical school but
these skills are forgotten about in later training stages.

“No, I haven't had particular pain teaching. We probably did in medical school,
but | can't really remember” (Participant 3, pediatrician).

“I don't think anyone has very good pain training. | think because it's something
that is developing and coming about” (Participant 5, consultant pediatric
rheumatologist).

“I've been on nothing very specific to JIA and pain assessment... there's nothing
out there” (Participant 6, nurse).

“It's more just shadowing of what techniques are being used” (Participant 16,
occupational therapist).

“Some people haven't done any pain training...they feel uncomfortable asking”
(Participant 5, consultant pediatric rheumatologist).

“We as doctors are not necessarily good at exploring pain, we don't ask the right
questions. And the other thing is whether or not we as doctors sat in clinic
prescribing medicines are the right people to be assessing pain. Have we
been trained properly, no, we've not been trained at all” (Participant 9,
consultant pediatric rheumatologist).

“I think allied health professionals ask the same sort of questions as the
rheumatologists...perhaps we have more time and it might not feel as formal...
we might be seeing them more regularly” (Participant 2, occupational
therapist).

“And | think that is a lot because they don't feel like they have the skills, so they
send them to us” (Participant 13, physical therapist).

Pain assessment knowledge is acquired through obser-
vation of other departmental practices.

The lack of pain training leads to low confidence in
assessment.

Rheumatologists do not consider themselves best
placed for pain assessment and/or communication
because they do not ask the right questions.

There is a perception that therapists are best placed
for pain assessment because they have more time,
are less formal and have more regular contact with
patients. Therapists feel that patients with pain are
sent to them because rheumatologists do not have
the skills to address pain.

Theme 2: Reluctance to engage in pain discussions
Subthemes

Evaluation of children’s pain is done without asking
directly about it. Pain experiences are noticeable
through discussions about other aspects of the
condition.

Asking about pain may lead to amplification of pain
through exaggerated responses or heightened
perceptions.

“Very seldom do | ask a child about their pain” (Participant 11, physical therapist).

“| get a feel for how much pain they've been in. Do | need more information
about their pain? I'm not sure | do” (Participant 7, consultant pediatric
rheumatologist).

“Indirectly, | get the information anyway, without saying, are you in pain, which
feels like I'm leading them into saying, yes | am” (Participant 2, occupational
therapist).

“That's what they'll ask, are you in pain? And you know what children are like.
Yeah, yeah. They're not really. They're running around, left, right and centre”
(Participant 10, nurse).

“Eventually if you're asked enough times, well, yes, maybe | do have pain....
nagging them about pain isn't necessarily in their best interest... we educate
them about pain and suddenly they all have it” (Participant 5, consultant
pediatric rheumatologist).

“I don't ask in every consultation because that can be quite demoralising,
demoting” (Participant 11, physical therapist).

“Some people don't ask about pain because they don't want to get stuck with
having to deal with it” (Participant 5, consultant pediatric rheumatologist).

“It's alright me asking about their pain, but then do | have the facility to deal with
it?" (Participant 3, pediatrician).

“ think the perception of pain is often one whereby people seek to avoid it. |
hope it's not because of ignorance...they're just not wanting to open that can
of worms. | think it's more related to work based pressures and time”
(Participant 20, physical therapist).

* JIA = juvenile idiopathic arthritis; HCP = health care professional.

HCP's fear making the pain worse by drawing attention
to it (physically or emotionally).

Pain assessment and discussions can lead to poorer
well-being.

Managing reported pain is difficult; there are a lack of
resources and time.

assessments of disease activity and that disease activity needs to
be assessed first, even if that did not leave time for pain assess-
ment. Functional assessments and markers of disease activity
were judged to be the highest priority measurements for partici-
pants involved in managing JIA in children and young people. This
again reflects participants’ attention to pain in the context of levels
of inflammatory disease activity and interference with function. In
some cases, participants reported that they would make assump-
tions about the severity of pain based solely on measures of dis-
ease activity and functional assessments. There seemed to be little

awareness in these accounts that pain levels may act independently
of disease activity markers.

Theme 4: Beliefs about pain in JIA (Table 4). Most of
the HCPs interviewed believed that persistent pain was not an
intrinsic feature of JIA and that HCPs should generally avoid rein-
forcing the perception that it is such a feature. It was felt that active
JIA was not necessarily painful, a view which may have led to
patients’ accounts of pain being discredited. Several participants
indicated that when patients reported pain, their JIA would not be
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Table 4. Themes 3 and 4, subthemes, and associated interview excerpts*

Themes and subthemes

Interview excerpts

Theme 3 Low prioritization of pain assessment

Subthemes
Low prioritization of pain assessment in
clinical consultations

Other priority assessments include mea-
sures of function and disease activity

Theme 4: Beliefs about pain in JIA
Subthemes
Pain symptoms not a part of having JIA as
active JIA is not painful; arthritis is not the
underlying cause of pain in those who
complain

HCP perception that pain should be pro-
portionate to disease activity

Disregard of JIA diagnosis in light of per-
sistent pain complaints

Focus on pain is unhelpful for those who
have chronic pain

Lack of evidential pain in those with seem-
ingly inactive arthritis

“I don't think we should dwell on pain” (Participant 2, occupational therapist).

“I' wouldn't ask at every appointment, how has your pain been? | very much try to work away
from that” (Participant 4, physical therapist).

“So we tend to not to, | suppose, prioritise pain so much” (Participant 8, consultant pediatric
rheumatologist).

“It's an important factor, but it's not the first on the list” (Participant 6, nurse).

“It's stiffness, lack of function, and lack of movement you're looking for” (Participant 11,
physical therapist).

“In clinical practice you're very much assessing degree of inflammation evident, and again
that's very much on physical examination plus or minus some blood tests” (Participant 15,
consultant pediatric rheumatologist).

“From a consultant rheumatologist point of view, they will feel quite strongly that active JIA
should not be painful, and will often give that message, which kind of leads people to feel
that people are not getting it, they're not believed” (Participant 4, physical therapist).

“Whenever | teach other doctors about JIA | always say pain is not particularly a feature... | think
a lot of patients with arthritis don't complain of much pain... often when patients complain
of pain, arthritis isn't the problem” (Participant 8, consultant pediatric rheumatologist).

"When they come in, it's part of their disease process. When they're controlled, they don't
have pain... it is disease activity. And then you hope that it doesn't go on to, like we've said,
with chronic pain” (Participant 10, nurse).

“What would make you think that a child has amplified their pain report?” (Interviewer).

"Well, if their reports of pain seem out of proportion to what | find on clinical examination”
(Participant 7, consultant pediatric rheumatologist).

“And again, we just have to see chronic pains. And chronic pains are the children that have
got pain... when you examine them, they've got no evidence of active arthritis” (Participant
10, nurse).

"With the JIAs, if I think that they may be tipping into a bit of a chronic pain and they are very
focused on the pain, I'l maybe try and not talk about pain” (Participant 13, physical
therapist).

“People have different opinions of chronic pain patients than of JIA. They see somebody with
a real condition and JIA is an inflammatory condition, whereas chronic pain, there might

not always be something to see” (Participant 17, physical therapist).

* See Table 3 for definitions.

the underlying cause. This assumption seemed to be based upon
the perception that patients with arthritis do not complain about
much pain. In some cases, this led to participants believing that
patients with arthritis did not complain about pain while reporting
that in their own practice, they rarely asked about or were reluc-
tant to engage in discussions about pain.

Most of the accounts reflected the belief that pain symp-
toms caused by JIA are directly proportionate in severity to
clinically observed levels of disease activity. There were also
strong perceptions that if disease activity processes were
controlled then the pain would consequently be reduced.
Accounts and descriptions of pain that were given during the
interviews tended to reflect a “medical model” of pain, that is,
the view that pain stems directly from the site of disease or
injury, and that pain severity is in proportion to the degree of
injury. Most HCPs described managing quite a high number of
children and young people with JIA whose reported pain was
viewed as disproportionate in the context of the clinical exam-
ination. If children and young people reported levels of pain
that were not congruent with their measures of disease activity

(suggesting low levels of inflammation) then an additional or
even an alternative diagnosis of chronic pain was suggested.
Throughout interviews, HCPs referred to 2 distinct groups of
patients in rheumatology. The first group are those with active
JIA with directly proportionate pain. The second group are
patients with well-controlled JIA but for whom pain remains a
problem; it was here that JIA diagnosis seemed to be decou-
pled from the pain experiences. In those cases, the patient’s
focus on pain was viewed as the underlying problem. Further-
more, there was not always evidence of the underlying disease
those viewed as having chronic pain, whereas for those with
JIA, the pain was referred to as more “real.”

Theme 5: Treatment of pain (Table 5). There was a
strong belief that pharmacologic management of JIA would reduce
the amount of pain that children and young people experienced.
On further examination, we found that this was more evident in
the accounts given by rheumatologists and less likely to appear in
the therapists’ accounts. In addition, therapists were more likely to
express greater concerns about an “overly-medicalized” approach
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Table 5. Themes 5 and 6, subthemes, and associated interview excerpts*

Themes and subthemes

Interview excerpts

Theme 5: Treatment of pain
Subthemes
Pharmacologic management of JIA will reduce pain

“If | treat the swelling, then the pain will get better, | don't really think of it as a distinct

levels entity” (Participant 1, trainee rheumatologist).
“Well I suppose in managing the disease with steroids or other management you are
treating the pain” (Participant 19, physical therapist).

Over-medicalizing the treatment of pain in JIA

“Itis all about the medication. Itis all about the injections. | think the hospital system

is so medical” (Participant 12, occupational therapist).

Referral of patients elsewhere (therapy or special-
ist pain services) when pain did not respond to
medication

“They (rheumatologists) are very interested in the JIAs because they can give them
medicine. Some of the mechanical pain and the hyper mobility and the chronic
pains they just palm them...you know, they are just not interested” (Participant 13,

physical therapist).

“Some consultants will spend more time asking about the pain, some will acknow-
ledge it's there but then pass onto physiotherapy... if it's an inflammatory thing
then we want to medically manage that, and if it's not then we should pass them
onto physio or psychology” (Participant 21, trainee rheumatologist).

Interviewer: “When you say chronic pain patient, would you describe what you

mean?”

Participant 6 (Nurse): “So they're patients that...every single day they're in pain with
no focus... generally it's everywhere...their attendance at school or work or life
activities is very low.”

Interviewer: “Mm. What about if they were a JIA patient but that's under control

and..?"

Participant 6 (Nurse): “And...but there's still a chronic pain? I'd still do the same. Still
do the same referral to the same people-to the pain service.”

Theme 6: Undervaluing pain reports
Subthemes
Negative responses from HCPs towards patients
with chronic pain

“With the chronic pains, I always think you can see people smiling or raising their
eyebrows about it” (Participant 10, nurse).

“There are times that people will roll their eyes at certain patients, because they're in
pain” (Participant 18, nurse).

Undervaluing seriousness and unsympathetic
responses to pain

Conscious efforts to think about the broader con-
text of pain and consider reports seriously

“Arthritis pain is awful but never that awful, | don't think” (Participant 1, trainee
pediatric rheumatologist).

“Even though in the back of your mind you are fairly certain it's gonna be just chronic
pain that you're dealing with, you've also got to take it seriously” (Participant 20,

physical therapist).

Difficulties trying to objectively evaluate CYP pain

“You immediately feel anxious as soon as pain comes up... it can be so hugely

over-reported and so difficult to make sense of” (Participant 9, consultant pediatric
rheumatologist).

“And it's really difficult...you are basically making a judgement about whether their
reaction to what happened is proportionate or not” (Participant 13, physical

therapist).

“If there’s a financial reward to them having pain...they get benefits for it if they're
perceived as being disabled” (Participant 12, occupational therapist).

“Some patients might play on it, they get more attention” (Participant 16, occupa-

Questioning the credibility of pain reports, e.g., is
there a financial gain, disability benefit and/or
more attention from significant others

tional therapist).

* CYP = children and young people. See Table 3 for other definitions.

to JIA management and treatment of symptoms. This was the
only theme in which we found potential evidence of discipline or
profession-specific beliefs expressed.

Study participants talked about the importance of referring
JIA patients with persistent pain (which HCPs perceived as “non-
inflammatory”) to services for patients outside rheumatology.
Some of the therapists perceived these referrals from rheuma-
tologists as indicating a lack of rheumatologists’ interest in pain
management. In contrast, some rheumatologists implied that
while they acknowledged the presence of pain, they felt that they
did not have the relevant skill set to manage noninflammatory
pain. If a medical management approach of disease did not work
to reduce pain, there was a view that pain could only be man-
aged through these other, more specialized pain services.

Theme 6: Undervaluing pain (Table 5). Many HCPs had
created their own terms to label children and young people with
persistent pain that could not be treated through medical man-
agement of arthritis, such as referring to these patients as hav-
ing “chronic pains.” HCPs reported noticing negative responses
from other HCPs when these patients were seen in clinic such as
eye-rolling, smiling, or raising eyebrows, behaviors that seemed
to signify that these patients’ reports of pain were unconvincing.
Some HCPs in the study appeared to minimize the seriousness or
relevance of chronic pain and the importance of how severe suf-
fering could be for children and young people with persistent pain.

There were suggestions that chronic pain might not
always be taken seriously in clinical contexts and that it needed
a conscious effort from the HCP to think about the broader
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context of that pain. Pain symptoms seemed to be underval-
ued because of the difficulties associated with evaluating pain
severity objectively in children and young people. Participants
perceived their role to include making judgments about partici-
pant’s reactions to pain and described this challenge as anxi-
ety provoking.

HCPs believed that there were benefits for patients or families
who overreported or exaggerated the severity of pain symptoms,
and this further complicated HCPs’ task of making sense of pain.
These benefits could be financial reward, disability benefit, and/or
more attention from significant others. These findings suggested
that HCPs often questioned the credibility of patients’ pain reports
and the potential advantages for each patient who reported more
pain than participants thought was appropriate.

DISCUSSION

This is, to our knowledge, the first study to explore HCPs’
beliefs about the role of pain in JIA and the prioritization of
pain assessment in patients with this long-term condition.
Findings suggest that professionals managing JIA in children
and young people are largely working from a somewhat out-
moded model of pain as something that should be directly and
proportionately related to degree of disease activity. Alterna-
tive, more complex, and current models of pain conceptual-
ize subjective pain experiences as the result of bidirectional
interactions involving biologic, psychological, and contextual
processes (27). These approaches recognize that sensory
pain inputs are filtered by a variety of mechanisms, both bio-
logic and psychological, such as genetic predispositions, prior
learning, emotional status, and context. Acknowledgment
of these processes was missing in the accounts of pain in
children and young people with JIA given by many professionals
interviewed in our study.

Our findings indicate that for some HCPs, their “personal
models” of pain associated with JIA may not be congruent with
research findings, which suggest that pain acts independently
of levels of disease activity in JIA (7,16,17). A personal model of
illness can be defined as an individuals’ beliefs, emotions, know-
ledge, experiences, and behaviors (28) and are important in shap-
ing the conceptualizations of children and young people and their
parents of the condition (29). In JIA, the importance of developing
a comprehensive understanding of pain, including how and when
to treat it and when to ignore or persist with activities despite pain,
is essential for effective pain management.

It is apparent from our findings that understanding from
pain theory and patients’ experiences have not been translated
into current practice. It is important that assessment and man-
agement of pain is incorporated into clinical practice alongside
the assessment and management of the disease. Our research
suggests that a paradigm shift is needed in approaches to pain
assessment and communication by professionals managing

JIA in children and young people. Pain assessment scores
can affect later pain management decisions (30). Pain may, in
some instances, be best managed in other services. However,
if initial presentation occurs in pediatric rheumatology then it is
important that the pain management needs of these patients
have been assessed and communicated before appropriate
referrals are made.

Overall, our study demonstrated that HCPs’ beliefs about
the role of pain in JIA may be a factor determining how or
whether they feel able to support patients to manage pain
symptoms. This study demonstrates that for these HCPs,
pain assessment was not always a major part of clinical
consultations with JIA patients. In a study by Guzman et al
(12), comparison of the priorities of children and HCPs in JIA
assessment found that pain was of medium importance to
HCPs. However, our study finds pain and its assessment to be
of low priority compared to other clinical assessments in this
group of participants, and there appeared to be a reluctance
for some HCPs to initiate conversations about pain. Similar to
a study by Fitzcharles et al (31), our study found that HCPs
concentrated on measurement of underlying disease mecha-
nisms, as disease activity measures took precedent.

One potential limitation of the current study is that data were
only drawn from participants working in the UK national health
care system. It is interesting to consider our findings in the light
of UK clinical practice guidelines. There are no performance
standards for pain assessment in the UK (13) and no recommen-
dation to assess pain as an indicator of disease improvement
(32) or therapeutic response (33) in pediatric rheumatology. Even
where a recommendation to routinely assess pain has been
given as one of the standards of care for JIA (34), no guidance is
given about how to assess pain.

Our research demonstrates that the recognition of pain
assessment should be a higher priority in pediatric rheumatol-
ogy in the UK. The findings of our study identify some of the
attitudinal and practical barriers to achieving such a priority
level.
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Juvenile Sjogren’s Syndrome: Clinical Characteristics With
Focus on Salivary Gland Ultrasonography

Daniel S. Hammenfors,' Valéria Valim,” Blanca E. R. G. Bica,’ Sandra G. Pasoto,* Vibke Lilleby,”
Juan Carlos Nieto-Gonzalez,® 2 Clovis A. Silva,* Esther Mossel,” Rosa M. R. Pereira,* Aline Coelho,?
Hendrika Bootsma,” Akaluck Thatayatikom,? Johan G. Brun,' and Malin V. Jonsson®

Objective. Juvenile Sjogren’s syndrome (SS) is a rare, poorly defined, and possibly underdiagnosed condition
affecting children and adolescents. The aim of this study was to characterize symptoms and clinical findings of juvenile
SS and to explore the clinical application of major salivary gland ultrasonography (SGUS) in patients with juvenile SS.

Methods. A cross-sectional multicenter study recruited patients with disease onset until age 18 years (n = 67).
Disease characteristics were recorded, and unstimulated whole sialometry and SGUS examination of the parotid and
submandibular salivary glands were performed.

Results. The female:male ratio was 58:9. The mean age at first symptom was 10.2 years and 12.1 years at
diagnosis. Ocular and oral symptoms were noted in 42 of 67 patients (63%) and 53 of 66 patients (80%), respec-
tively. The American-European Consensus Group or American College of Rheumatology/European League Against
Rheumatism classification criteria for primary SS were fulfilled by 42 of 67 patients (63%). Pathologic SGUS findings
were observed in 41 of 67 patients (61%); 26 of 41 SGUS+ patients (63%) fulfilled primary SS criteria. Salivary gland
enlargements/parotitis were noted in 37 of 58 patients and were nonsignificantly associated with SGUS+ status (P
= 0.066). The mean levels of saliva were 5.6 ml/15 minutes in SGUS- patients compared to 3.3 ml/15 minutes in
the SGUS+ patients (P = 0.049). A total of 36 of 41 SGUS+ patients (88%) were anti-Ro/La+ compared to 14 of 26
SGUS- patients (54%) (P = 0.001). In addition, 24 of 39 SGUS+ patients (62%) were positive for rheumatoid factor
(RF), whereas only 5 of 25 SGUS- patients (20%) were RF+ (P = 0.001).

Conclusion. Juvenile SS is characterized by a large spectrum of clinical symptoms and findings. Several glandu-
lar and extraglandular parameters such as hyposalivation, swollen salivary glands, and autoantibodies are associated

with pathologic SGUS findings.
INTRODUCTION

Primary Sjégren’s syndrome (SS) is a systemic autoimmune
disorder. Patients with primary SS experience oral and ocular dry-
ness and extraglandular manifestations such as fatigue, arthralgia,
and arthritis (1). In addition to subjective and objective findings
of salivary and/or lacrimal gland involvement, the primary SS
classification is based on either the presence of autoantibodies
against Ro/SSA and/or La/SSB, and/or focal mononuclear cell
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inflammation with a focus score >1 in a minor labial salivary gland
biopsy (2). Serum autoantibodies have been presented as early
markers of primary SS (3).

Juvenile SS is a rare, poorly defined and possibly underdi-
agnosed condition (4,5). The mean age at the time of diagno-
sis is approximately 10 years (6). A common initial symptom is
swelling of the major salivary glands (6,7). Several organ systems
may be affected, resulting in neurologic, dermatologic, musculo-
skeletal, vascular, gastrointestinal, respiratory, renal, and hema-
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SIGNIFICANCE & INNOVATIONS

* Interest in juvenile Sjogren’s syndrome is increas-
ing and international collaborations are emerging.
To date, to the best of our knowledge, this is the
largest cohort world-wide characterizing juvenile
Sjogren’s syndrome and also the first large study
investigating salivary gland ultrasonography in this
patient group.

tologic manifestations (8,9). Extraglandular manifestations occur
in approximately 50% of children with juvenile SS (4). Criteria for
juvenile SS are not available in current literature (10-12), and nei-
ther the American-European Consensus Group (AECG) criteria
(2) nor the American College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) criteria (13) have been
validated in a juvenile population. In addition, the AECG criteria
may not be applicable due to diverse clinical manifestations in
children compared to adults (5).

Interest regarding the major salivary glands ultrasonogra-
phy examination (SGUS) (14) as a diagnostic tool for primary
SS is increasing (15-19). SGUS may serve as a supplement,
or even alternative, to minor salivary gland biopsy (11,17).
Development of a noninvasive, diagnostic method for evalu-
ation of the salivary gland component, to aid the diagnosis of
juvenile SS, is especially important in the younger population,
both with regard to the late onset in some patients of sicca
symptoms and the current lack of diagnostic criteria. Previous
studies have indicated that SGUS may be of value in establish-
ing a juvenile SS diagnosis (7,20,21). However, current reports
include small numbers of patients, and SGUS application
remains to be evaluated in a larger cohort. Further studies on
juvenile SS are needed, and to our knowledge, our study is,
to date, the largest cohort for this patient group. The aim of
this study was to characterize symptoms and clinical findings
in patients with juvenile SS and to investigate SGUS as a diag-
nostic tool for juvenile SS.

MATERIALS AND METHODS

Patients. The study design was a cross-sectional
multicenter study. Patients were recruited from Haukeland
University Hospital in Bergen, Norway, Oslo University Hos-
pital in Oslo, Norway, Hospital General Universitario Grego-
rio Marafhén in Madrid, Spain, Hospital Universitario Cassiano
Anténio Moraes of Federal University of Espirito Santo in
Vitoria, Brazil, Hospital Universitario Clementino Fraga Filho of
Federal University of Rio de Janeiro in Rio de Janeiro, Brazil,
Hospital das Clinicas, Faculdade de Medicina da Universidade
de Sao Paulo in Sao Paulo, Brazil, University Medical Center
Groningen in Groningen, The Netherlands, and University of
Florida, Gainesville, Florida. Patients had previously received

the diagnosis of juvenile SS by a specialist in rheumatology
or pediatric medicine at age <18 years. At the time of inclu-
sion, all patients were younger than 25 years. Identification of
patients at each clinic was performed by the local specialist in
rheumatology or pediatric medicine.

A clinical examination, sialometry, and SGUS were per-
formed in all patients. Upon inclusion, patients were asked for
information on extraglandular manifestations, and a medical
history was collected from medical charts, including informa-
tion regarding autoantibodies, biopsy results, and current/pre-
vious treatment.

Patients recruited in Norway (n = 11), Spain (n = 5), and
Brazil (n = 40) were examined and included by the primary
investigators (SDH and MVJ) with the local specialist. Patients
recruited from The Netherlands (n = 8) and US (n = 3) were
examined in collaboration with local experts and included ret-
rospectively. Because this was a cross-sectional study, not all
clinical examinations and tests had been performed or were
available in all patients.

Disease activity measurements. Subjective symp-
toms and the EULAR Sjogren’s Syndrome Patient Reported
Index (ESSPRI) score (22) were determined upon inclusion.
Children were aided by an accompanying parent/guardian,
when necessary. The European League Against Rheumatism
Sjégren’s Syndrome Disease Activity Index (ESSDAI) score
(28) was registered upon inclusion. The hematologic and bio-
logic domains were determined from the most recent blood
samples available.

Tear secretion. Tear secretion was evaluated by the
Schirmer | test. Wetting of the strip was recorded in mm, with
levels of <5 mm wetting of the paper strip considered as patho-
logically reduced tear secretion.

Sialometry. Salivary gland functional capacity was eval-
uated by unstimulated sialometry, measured in ml/15 minutes,
with the patients fasting for 90 minutes prior to examination. The
volume of saliva was determined by weighing, with 1 gram cor-
responding to 1 ml. Saliva secretion levels <1.5 ml/15 minutes
were considered pathologically reduced.

Salivary gland ultrasonography. The SGUS examina-
tion of the parotid and submandibular glands was performed
using linear high-frequency transducers (6-15 MHz) and a sim-
plified scoring system. Glandular homogeneity and the presence
of hypoechogenic areas were evaluated and graded (range 0-3).
Grades 0-1 were considered to correspond to normal/non-
specific changes and grades 2-3 to correspond to pathologic
changes (Figure 1). The SGUS was performed and scored bed-
side by local experts in the US and The Netherlands and by SDH
and MVJ in Norway, Spain, and Brazil.
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Figure 1.

Representative major salivary gland ultrasonography images of submandibular glands, illustrating A, grade 0; B, grade 1; C, grade

2; and D, grade 3, with grades 0-1 corresponding to normal-appearing morphology, and grades 2-3 corresponding to pathologic changes in
the submandibular and parotid glands of patients with clinical symptoms of juvenile Sjogren’s syndrome.

Ethical considerations. This study was performed in
accord with the regional medical and health research ethics
regulations, and necessary applications were approved by
the regional Committees in the participating centers/coun-
tries (Norway: 145/96-44.96, 242.06 2009/686; Brazil: 4478
701544787015447870151.433.660/201644787015.6.2001.
0068). Informed consent was obtained from all participants
and from parents of patients age <16 years, according to the
Declaration of Helsinki. Parents/legal guardians of underaged
patients were present at inclusion (clinical examination and
SGUS imaging). In Spain, The Netherlands, and US, the non-
invasive study design and number of patients included were in

Table 1.
Sjogren’s syndrome*

accordance with regional ethical guidelines and did not need a
specific project approval.

Statistical analysis. Student’s t-test with Welch'’s correc-
tion was used to study differences between groups and Pearson’s
correlation for the relationship between 2 variables. Correlations
within ranges 0.0 to <0.2 were considered as poor, 0.2 to <0.4
as fair, 0.4 to <0.6 as moderate, 0.6 to <0.8 as good, and 0.8—
1.0 as excellent. For categorical data, chi-square analysis was
employed. To adjust for Type | error due to multiple comparisons,
Benjamin-Hochberg adjustment was applied. All analyses were
performed using SPSS statistics software, version 19.0.

Patient demographics and associated diseases in all included patients (n = 67) with a clinical diagnosis of juvenile

Mean + SD Benjamin-Hochberg
No. years SGUS- SGUS+ Pt adjustment
Age atinclusion, years 67 16.3+4.7+ 17.3+57 15.6+3.9 0.146 NS
Age at first symptom, years 648 10.2+37 10.5+45 101 £3.2 0.675 NS
Age at diagnosis, years 618 121 +£3.8 120+45 12.2+3.3 0.875 NS
Time from symptom onset to 608 1.8£19 1515 19+20 0.355 NS
diagnosis, years
Time from diagnosis to 618 41 +4.4% 55+53 33+35 0.062 NS
inclusion, years
Female:male ratio 58:9 - 25:1 33:8 0.067 NS
Hypothyroidism, no./total (%)9 5/59 (8) - 3/25(12) 2/34(6) 0.404 NS
SLE, no./total (%)9] 7/59 (12) = 4/25 (16) 3/34(9) 0.400 NS
MCTD, no./total (%)9] 1/59 (2) - 1/25 (4) 0/34(0) 0.240 NS

* Values are the mean + SD unless indicated otherwise. SGUS = salivary gland ultrasonography; NS = nonsignificant;
SLE = systemic lupus erythematosus; MCTD = mixed connective tissue disease.

t Pvalues are for the comparison of SGUS+ and SGUS- patients.

¥ Regional differences (patients included in Brazil compared to patients included in Europe/US).

§ Data not available from all patients.

9 Number of positive observations/number of available observations.
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RESULTS

Patient characteristics. Our cohort consisted of 67
patients. The female:male ratio was 58:9. Mean age at first symp-
tom was 10.2 years (range 1-17), with 12.1 years at diagnosis
(range 4-18), and 16.3 years at inclusion (range 6-25) (Table 1).

Of the 67 patients, 35 (52%) and 39 (58%) fulfilled the AECG
(2) and ACR/EULAR (13) classification criteria, respectively.
When combining the criteria, 32 patients (48%) fulfilled both sets
of criteria and 42 patients (63%) fulfilled either the AECG or the
ACR/EULAR criteria. One patient had mixed connective tissue
disease (MCTD), and 7 patients were diagnosed with systemic
lupus erythematosus (SLE) (Table 1).

In the patients with MCTD/SLE (n = 8), 7 presented with
autoantibodies and fulfiled the AECG and the ACR/EULAR

classification criteria. In this subgroup, 6 of 8 patients had ocular
symptoms and 5 had ocular signs. All patients had experienced
major salivary gland swelling, and 6 had salivary gland involve-
ment by sialometry (n = 2), scintigraphy (n = 2), sialometry and
scintigraphy (n = 1), or sialometry, scintigraphy, and sialography
(n = 1). Five had available minor salivary gland biopsy results; the
3 patients lacking biopsy results had objective evidence of salivary
gland involvement, either by a positive scintigraphy (n = 1), sia-
lometry and scintigraphy (n = 1), or sialometry, scintigraphy, and
sialography (n = 1). All 5 biopsy results were positive, i.e., with a
focus score of >1, corresponding to >1 chronic inflammatory cell
foci consisting of 50 or more cells per 4 mm? of otherwise normal-
appearing minor salivary gland tissue. In comparison, for the
remaining patients not diagnosed with an additional connective
tissue disease (n = 59), information on minor salivary gland biopsy

Table 2. Subjective ocular and oral symptoms, objective signs of impaired tear secretion, salivary gland inflammation and
hypofunction, serum autoantibodies, and fulfillment of classification criteria in all included patients (n = 67) with juvenile Sjégren’s

syndrome*
Benjamin-Hochberg

No. SGUS- SGUS+ PT adjustment
Ocular symptoms (1) 42/67 (63)% 23/26 (88) 19/41 (46) 0.001 Significant
Oral symptoms (Il) 53/66 (80) 18/26 (69) 30/40 (75) 0.607 NS
Salivary gland enlargement 37/58 (64)8 12/24 (50) 25/34 (74) 0.066 NS
Ocular signs (Il 33/65 (51) 16/24 (67) 17/41 (41) 0.05 NS
Schirmer | test (ever) 27/64 (42)9 13/25(52) 14/39 (36) 0.203 NS
Ocular staining score 20/37 (54) 12/18 (67) 8/19 (42) 0134 NS
Focus score 1 (IV) 28/34(82) 7/8 (88) 21/26 (81) 0.662 NS
Focus score, mean + SD 1.7+17 1.0+0 19+19 0.368 NS

(n=20)
Salivary gland involvement (V) 41/61 (67)# 21/26 (81) 20/35 (57) 0.052 NS
UWS <1.5 ml/minute 20/60 (33)9] 9/26 (35) 11/34 (32) 0.854 NS
UWS, mean + SD ml/15 43+46 56+58 33+3.2 0.049 NS
minutes (n=60)

Sialography 1/3 (33)** 1/2 (50) 0/1 (0) 0.386 NS
Sialo-scintigraphy 29/31 (9)tt 20/22 (97) 9/9 (100) 0.350 NS
SGUS 41/67 (61)F+F - - - =
Autoantibodies (VI) 50/67 (75)% 14/26 (54) 36/41 (88) 0.002 Significant
ANA 62/67 (93)8 23/26 (88) 39/41 (9) 0.312 NS
Anti-Ro/SSA 50/67 (75)88 14/26 (54) 36/41 (88) 0.002 Significant
Anti-La/SSB 27/67 (40)++ 4/26 (15) 23/41 (56) 0.001 Significant
Anti-Ro/SSA and anti-La/SSB 27/67 (40)F* 4/26 (15) 23/41 (56) 0.001 Significant
Anti-Ro/SSA or anti-La/SSB 50/67 (75)88 14/26 (54) 36/41 (88) 0.002 Significant
Rheumatoid factor 29/64 (45)F 5/25 (20) 24/39 (62) 0.001 Significant
AECG criteria 35/67 (52) 14/26 (54) 21/41 (57) 0.834 NS
ACR/EULAR criteria 39/67 (58) 15/26 (58) 24/41 (59) 0.946 NS
ACR/EULAR and AECG criteria 32/67 (48) 13/26 (50) 19/41 (46) 0.770 NS
ACR/EULAR or AECG criteria 42/67 (63) 16/26 (62) 26/41 (63) 0.877 NS

* Values are the number of patients with positive findings/patients with available information (%), unless indicated otherwise.
Roman numerals indicate the corresponding items of the American-European Consensus Group (AECG) criteria. Regional differ-
ences refer to patients included in Brazil compared to patients included in Europe/US. SGUS = salivary gland ultrasonography; NS
= nonsignificant; UWS = unstimulated whole saliva flow; ANA = antinuclear antibody; ACR = American College of Rheumatology;

EULAR = European League Against Rheumatism.

T Pvalues are for the comparison of SGUS+ and SGUS- patients.

1 Regional differences.

§ Eight patients with systemic lupus erythematosus (SLE)/mixed connective tissue disease (MCTD).

9 Four patients with SLE/MCTD.

# Six patients with SLE/MCTD, and 5 patients with SLE/MCTD, with regional differences.
** One patient with SLE/MCTD, with regional differences.
tT Four patients with SLE/MCTD, with regional differences.
11 Three patients with SLE/MCTD, with regional differences.
88 Seven patients with SLE/MCTD, with regional differences.
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results was available from 29 patients, with a positive biopsy result
in 23 cases. Among these, the accurate focus score was available
from 16 patients, and 15 biopsy results were positive (focus score
>1). Al MCTD/SLE patients had extraglandular manifestations
and 3 had renal affection, findings that were not registered in any
of the other patients.

Subjective symptoms. Subjective ocular and oral dryness
symptoms were noted in 42 of 67 patients (63%) and 53 of 66
patients (80%), respectively (Table 2). Only 8 of 66 patients (12%)
reported no dryness symptoms. Ocular signs were noted in 26 of
40 patients (65%) with ocular symptoms (P = 0.004).

Subjective oral symptoms were not associated with a posi-
tive minor salivary gland biopsy result or objective salivary gland
involvement (sialometry, sialography, or scintigraphy). Sialo-
scintigraphy and/or sialography had been performed in 31
patients (Table 2), although only in the Brazilian part of the cohort.

The ESSPRI score for dryness correlated nonsignificantly
with age at inclusion (P = 0.062; n = 58). The mean ESSPRI score
for patients not fulfilling classification criteria (n = 25) was 2.7 com-
pared to 4.0 for patients (n = 40) fulfiling either AECG and/or ACR/
EULAR classification criteria for primary SS (P = 0.04).

Major salivary gland imaging and glandular
characteristics. Pathologic SGUS findings (Figure 1 C and D)
were observed in 41 of 67 patients. The mode SGUS score was 2
forallglands. The total sum of the SGUS score for all 4 glands (range
0-12) correlated with the ACR/EULAR points (r=0.321, P=0.016;
n = 56) (Figure 2). SGUS+ findings were observed in 26 of 27 of
the European and North American patients as compared to 15 of
40 of the Brazilian patients (P = 0.001).

Subjective sicca symptoms were not associated with patho-
logic SGUS findings; ocular symptoms were noted only in 19 of
41 SGUS+ patients (46%) compared to 23 of 26 SGUS- patients
(88%) (P = 0.001). Ocular signs were noted in 17 of 41 SGUS+
patients (41%) compared to 16 of 24 SGUS- patients (67%)
(P =0.050). Oral symptoms were noted in 30 of 40 SGUS+ patients
(75%) compared to 18 of 26 SGUS- patients (69%) (P = 0.607).

Salivary gland involvement (sialometry, sialo-scintigraphy,
and sialography) was noted in 41 of 61 patients (67%), 20 of
35 SGUS+ patients (57%), and 21 of 26 SGUS- patients (81%)
(P = 0.052) (Table 2). When considering the individual items for
salivary gland involvement, unstimulated whole saliva levels
(ml/15 minutes) correlated inversely with the sum of the SGUS
score (range 0-12) for all 4 glands (r = -0.324, P = 0.015 [n = 56))
(Figure 2), and with the SGUS score (range 0-3) for both subman-
dibular glands (r = -0.372, P = 0.005 [n = 56], and r = -0.301,
P = 0.024 [n = 56], right and left gland, respectively). A corre-
lation was also observed in the right parotid gland (r = -0.285,
P =0.033 [n=56]). The mean level of saliva was 5.6 ml/15 minutes
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Figure 2. Total major salivary gland ultrasonography score (range
0-12) for all 4 glands in relation to the A, Total points of the American
College of Rheumatology/European League Against Rheumatism
classification criteria (range 0-9) (P = 0.016), B, Focus score, and
C, Unstimulated whole saliva flow (range 0-21.36 ml/15 minute)
(P = 0.015). The correlations were not significant after Benjamin-
Hochberg adjustment. We did not find a correlation with the focus
score (range 0-8).
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in SGUS- patients compared to 3.3 ml/15 minutes in the SGUS+
patients (P = 0.049), but when comparing saliva cutoff levels (<1.5
ml/15 minutes) SGUS+ patients were below the threshold in 11
of 34 cases (32%), compared to 9 of 26 SGUS- patients (35%)
(P = 0.854). Scintigraphy findings coincided with both normal and
pathologic SGUS findings (P = 0.350) (Table 2).

Information regarding minor labial salivary gland biopsy results
was available in 34 patients. Among these, 28 of 34 patients (82%)
had a focus score >1, 21 of 26 SGUS+ patients (81%) compared to
7 of 8 SGUS- patients (88%) (P = 0.662) (Table 2). For 20 patients,
the precise focus score was available, ranging from O to 8 with a
mean of 1.7. The mean focus score was 1.9 in the SGUS+ patients
(n = 16) compared to 1.0 in the SGUS- patients (n = 4), but the
difference was not statistically significant (P = 0.368), most likely
due to low numbers. Low numbers probably also influenced the
lack of correlation between precise focus score and total SGUS
score, both when considering the glands separately and for all
glands (Figure 2).

In total, 37 of 58 patients (64%) had experienced salivary
gland enlargements/parotitis (Table 2), and although not significant,

a trend was noted with regard to pathologic SGUS findings; 25 of
34 SGUS+ patients (74%) had experienced salivary gland swelling,
compared to 12 of 24 SGUS- patients (50%) (P = 0.066).

Autoantibodies. The majority of patients, 50 of 67 (75%),
presented with anti-Ro/SSA and/or anti-La/SSB. In the group with
SGUS+ findings, 36 of 41 patients (88%) were anti-Ro/SSA positive,
whereas in the SGUS- group only 14 of 26 patients (54%) were
anti-Ro/SSA positive (P = 0.002). Similarly, SGUS+ status was asso-
ciated with anti-La/SSB; 23 of 41 of the SGUS+ patients (56%) were
anti-La/SSB+, whereas only 4 of 26 of the SGUS- patients (15%)
were anti-La/SSB+ (P = 0.001), and 24 of 39 of the SGUS+ patients
(62%) were positive for rheumatoid factor (RF), whereas only 5 of 25
of the SGUS- patients (20%) were RF+ (P = 0.001) (Table 2).

In total, 11 of 36 SGUS+ patients (31%) with positive
anti-Ro/SSA status did not fulfill the current classification cri-
teria for primary SS (2,13). Of these 11 patients, all did not
fulfill or were lacking 1 or several items; ocular symptoms
(n = 11, 3 positive), oral symptoms (n = 10, 7 positive), ocu-
lar signs (n = 11, all negative), minor salivary gland biopsy

Table 3. Extraglandular manifestations in patients with juvenile Sjégren’s syndrome*

Benjamin-Hochberg

No. SGUS- SGUS+ Pt adjustment
Extraglandular manifestations 56/62 (90)* 24/25 (96) 32/37 (86) 0.214 NS
Constitutional 24/59 (41)8 12/25 (48) 12/34(35) 0.326 NS
Cutaneous 17/59 (29)q 8/25(32) 9/34(26) 0.643 NS
Lymphadenopathy 35/59 (59)# 17/25 (68) 18/34 (53) 0.245 NS
Articular 34/59 (58)** 17/25 (68) 17/34 (50) 0.167 NS
Muscular 5/59 (8) 1/25 (4) 4/34.(12) 0.290 NS
Pulmonary 1/59 (2) 1/25 (4) 0/34(0) 0.240 NS
Renal 3/59 (5)tt 1/25 (4) 2/34(6) 0.745 NS
Peripheral nervous system 1/59 (2) 1/25 (4) 0/34.(0) 0.240 NS
Central nervous system 3/59 (5) 3/25(12) 0/34(0) 0.038 NS
Hematologic domain 16/58 (28)9] 6/24(25) 10/34(29) 0.7M NS
Biologic domain 21/58 (36)+* 9/24 (38) 12/34(35) 0.863 NS
ESSPRI score, mean + SD 35+25 3.2+28 37+23 0.368 NS
(n=65)
ESSPRI dryness, mean + SD 34+£3.0 34+29 3.5+3.1 0.919 NS
(n=65)
ESSPRI fatigue, mean + SD 43+34 3.8+39 46+3.0 0.314 NS
(n=65)88
ESSPRI pain, mean + SD 29+32 24+34 32+32 0.362 NS
(n=65)
Total ESSDAI score, mean + SD 47 +54 34+28 55+6.5 0.138 NS
(n=62)
Clinical ESSDAI, mean + SD 3.2+41 27+30 3.6+48 0.443 NS
(n=59)

* Values are the number of patients with positive findings/patients with available information (%), unless indicated other-
wise. Regional differences refer to patients included in Brazil compared to patients included in Europe/US. SGUS = salivary
gland ultrasonography; NS = nonsignificant; ESSPRI = European League Against Rheumatism (EULAR) Sjogren’s Syndrome
Patients Reported Index; ESSDAI = EULAR Primary Sjogren’s Syndrome Disease Activity Index.

T Pvalues are for the comparison of SGUS+ and SGUS- patients.

} Eight patients with systemic lupus erythematosus (SLE)/mixed connective tissue disease (MCTD), with regional differences.

8 Five patients with SLE/MCTD, with regional differences.

9 Five patients with SLE/MCTD.

# Three patients with SLE/MCTD, with regional differences.
** Eight patients with SLE/MCTD.

t1 Three patients with SLE/MCTD.

t+ Six patients with SLE/MCTD.

88 Regional differences.
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(n = 3, all negative), salivary gland involvement (n = 6, 2 pos-
itive), sialo-scintigraphy (n = 1, positive), sialometry (n = 6, all
negative), ocular staining score (n = 6, 1 positive). Six patients
had experienced salivary gland swelling; 2 of these had also
experienced lacrimal gland swelling.

Taking a closer look at patients not fulfilling classifica-
tion criteria for primary SS (n = 25), 11 of 25 patients (44%)
presented with anti-Ro/SSA and SGUS+ status, whereas the
remaining patients (n = 14) were either SGUS+ but lacked
anti-Ro/SSA (n = 4) or were anti-Ro/SSA- and had a normal-
appearing SGUS (n = 10). Among the SGUS+/anti-Ro/SSA-
patients, 2 of 4 were positive for antinuclear antibody (ANA).
For the SGUS—/anti-Ro/SSA- patients, all had pathologic
findings by sialo-scintigraphy, 9 of 10 (90%) were ANA+, 3 of
10 (30%) had pathologic levels of unstimulated whole saliva
flow, and 1 also had a positive sialography. One of the SGUS-/
anti-Ro/SSA- patients was diagnosed with SLE.

Extraglandular manifestations. Various extraglandular
manifestations at some time point had been noted in 56 of 62
patients (90%) (Table 3). The mean ESSPRI score total was 4.0
for patients (n = 40) fulfiling classification criteria for primary SS

(2,18) compared to 2.7 for the remaining patients (n = 25) (P =
0.040). The ESSPRI pain score was also increased in patients ful-
filing the AECG and/or ACR/EULAR classification criteria for pri-
mary SS, with mean levels of 3.5 compared to 1.9 (P = 0.05). The
mean ESSDAI score was nonsignificantly higher in the SGUS+

patients compared to the SGUS- patients (P = 0.138) (Table 3).

Treatment. Symptomatic treatment was observed in 29 of
59 patients (49%) (Table 4). Symptomatic treatment was registered
in 16 of 34 SGUS+ patients (47%) compared to 17 of 25 SGUS-
patients (68%) (P = 0.109). Only 5 of 59 patients (8%) had received
salivary substitutes; 4 of these patients had SGUS+ status. Three
patients had received pilocarpine, none had received cevimeline.
A higher number of patients, 30 of 59 (51%), had received or were
using lacrimal substitutes, whereof the majority, 18 of 30 (60%), had
normal SGUS (P = 0.005) (Table 4). The mean ESSPRI score for
dryness was 4.1 for patients who had received symptomatic treat-
ment compared to 2.4 for those without symptomatic treatment
(P =0.028).

Current or previous use of nonsteroidal antiinflammatory drugs
was noted in 16 of 34 SGUS+ patients (47%) compared to 9 of 25
SGUS- patients (36%) (P = 0.396). Of 59 patients, 54 were currently

Table 4. Treatment in all included patients with juvenile Sjégren’s syndrome*

Benjamin-Hochberg

No. SGUS- SGUS+ Pt adjustment
Symptomatic treatment, current 29/59 (49)% 17/25 (68) 16/34 (47) 0.109 NS
Symptomatic treatment, ever 47/59 (80)8 22/25 (88) 25/34 (74) 0172 NS
Salivary substitutes, current 4/59 (7) 1/25 (4) 3/34(9) 0.466 NS
Salivary substitutes, ever 5/59 (8) 1/25 (4) 4/34.(12) 0.466 NS
Lacrimal substitutes, current 25/59 (42)9 16/25 (64) 9/34 (26) 0.004 Significant
Lacrimal substitutes, ever 30/59 (51)9 18/25 (72) 12/34(35) 0.005 Significant
NSAIDS, current 9/59 (15) 1/25 (4) 8/34 (24) 0.039 NS
NSAIDs, ever 25/59 (42)# 9/25 (36) 16/34 (47) 0.396 NS
Systemic treatment, ever 56/59 (95)** 25/25 (100) 31/34(97) 0127 NS
Systemic treatment, current 46/59 (78)tT 23/25(92) 23/34 (68) 0.026 NS
Hydroxychloroquine, ever 54/59 (92)** 25/25(100) 29/34 (85) 0.045 NS
Hydroxychloroquine, current 40/59 (68)** 22/25 (88) 18/34 (53) 0.004 Significant
MTX, ever 22/57 (39)# 9/25 (36) 13/32 (41) 0.722 NS
MTX, current 14/57 (25)# 6/25 (24) 8/32 (25) 0.931 NS
Azathioprine, ever 12/58 (21)++ 6/25 (24) 6/33 (18) 0.588 NS
Azathioprine, current 10/58 (17)88 5/25 (20) 5/33(15) 0.628 NS
Low prednisone, ever 31/57 (54)8 11/24 (46) 20/33 (61) 0.269 NS
Low prednisone, current 12/57 (21)99 4/24.(17) 8/33 (24) 0.489 NS
High prednisone, ever 13/59 (22)% 6/25 (24) 7/34.(27) 0.755 NS
High prednisone, current 5/59 (8)§8 2/25(8) 3/34(9) 0.911 NS

* Values are the number of patients with positive findings/patients with available information (%), unless indicated
otherwise. Regional differences refer to patients included in Brazil compared to patients included in Europe/US. SGUS =
salivary gland ultrasonography; NS = nonsignificant; NSAIDs = nonsteroidal antiinflammatory drugs; MTX = methotrexate.
T Pvalues are for the comparison of SGUS+ and SGUS- patients.

¥ Six patients with systemic lupus erythematosus (SLE)/mixed connective tissue disease (MCTD), with regional differ-

ences.
§ Six patients with SLE/MCTD.

9| Five patients with SLE/MCTD, with regional differences.
# One patient with SLE/MCTD.

** Eight patients with SLE/MCTD.

t1 Eight patients with SLE/MCTD, with regional differences.
++ Four patients with SLE/MCTD, with regional differences.

88 Four patients with SLE/MCTD.
99 Five patients with SLE/MCTD.
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(n = 40) or previously (n = 14) treated with hydroxychloroquine. In
total, 29 of 34 SGUS+ patients (85%) had experience using hydroxy-
chloroquine, whereas 25 of 25 SGUS- patients had used or were
using hydroxychloroquine (P = 0.045). When instead comparing
never users (N = 5) and previous users (N = 14) to current users
(n = 40), 18 of 34 SGUS+ patients (63%) and 22 of 25 SGUS-
patients (88%) were on current treatment (P = 0.004) (Table 4).

Systemic treatment was noted in 56 of 59 patients (95%)
and was associated with extraglandular manifestations in 52 of
53 patients (P = 0.001). In 10 patients, systemic treatment was
ceased, and 42 of 53 patients with extraglandular manifestations
were currently receiving systemic treatment (P = 0.481). In 40 of
46 patients (87%), the systemic treatment was current hydroxy-
chloroquine (P = 0.001).

DISCUSSION

To date, this is the largest study investigating clinical charac-
teristics of patients with juvenile SS in combination with SGUS.
The female:male ratio was approximately 6.4:1, i.e., slightly
altered with more male patients as compared to 9:1 for adults
with primary SS (24-27). The mean time from symptom debut to
diagnosis was 1.8 years, naturally shorter than in adult primary
SS patients, where the time from debut of symptoms to diagno-
sis spans up to 11-14 years (26).

Nearly 2 of 3 of the patients fulfiled the current classifications
criteria for primary SS, and there were no significant differences in
the application of the 2002 AECG (2) and the ACR/EULAR criteria
(13). Due to different practices between regions and the fact that
not all examinations in the classification criteria are routinely per-
formed in all pediatric patients, we cannot be certain that patients
not fulfiling the classification criteria in this study would still not fuffill
criteria were all necessary examinations performed.

SGUS findings were associated with anti-Ro/SSA and
anti-La/SSB, similar to previous findings in adult primary SS (28).
Of the 36 SGUS+ patients with positive anti-Ro/SSA, 11 patients
did not fulfill the AECG or ACR/EULAR classification criteria due
to lack of objective salivary or lacrimal gland involvement, such as
reduced salivary and/or lacrimal secretion. Of these 11 patients, 6
of 8 had registered salivary gland enlargement.

When considering the patients not fulfilling classification
criteria for primary SS (n = 25), 11 (44%) were anti-Ro/SSA+
and SGUSH+, 4 (16%) were SGUS+ and anti-Ro/SSA-, and 10
(40%) were anti-Ro/SSA- and SGUS-. Among the anti-Ro/
SSA- patients, 11 of 14 (78.6%) were ANA+. In addition, all
the anti-Ro/SSA- and SGUS- patients had previously docu-
mented salivary gland involvement by sialo-scintigraphy. Our
findings thus support the notion that the existing criteria for pri-
mary SS are not optimal for clinical evaluation and research of
juvenile SS (10,12,29). Of note, among the individuals fulfilling
either the AECG or the ACR/EULAR classification criteria, 1 of
42 SGUS+ patients was ANA+ but anti- Ro/SSA-. Concerning

the individuals fulfiling both AECG and ACR/EULAR criteria,
all 19 SGUS+ patients were anti-Ro/SSA+ compared to 11 of
13 of the SGUS- patients (P = 0.077). Other relevant autoanti-
bodies such as anti-La/SSB and RF were also associated with
SGUS findings, further supporting the link between autoanti-
bodies and salivary gland involvement in juvenile SS.

In this cohort of patients with juvenile SS, pathologic SGUS
changes (61%) were slightly more common compared to findings
in adults (30) and nonsignificantly associated with salivary gland
swelling, a clinical feature generally associated with juvenile SS.
Similar to findings in adult primary SS, a higher SGUS score was
associated with lower levels of unstimulated whole saliva (28),
nonsignificantly associated with oral dryness symptoms. Treat-
ment of oral dryness symptoms was rare, but linked to SGUS+
status in 4 of 5 cases. Ocular sicca symptoms and symptomatic
treatment of dry eye were more common in SGUS- patients. The
ESSPRI dryness score showed a trend to increase with age at
inclusion (P = 0.062). One might speculate whether this increase
was due to actual later onset of sicca symptoms, or whether oral
dryness is not perceived as a problem by the younger patients.

Although the mean focus score was higher in SGUS+
patients compared to SGUS- patients and implies that the focus
score can mirror the degree of damage visualized by SGUS, com-
parison of findings in the major and the minor glands was limited
due to lack of data on minor salivary gland focus score.

Similar to earlier reports in both primary SS and juvenile
SS, the patients in this cohort displayed a high degree of extra-
glandular manifestations (25,30). Both mean ESSPRI and mean
ESSPRI pain scores were higher in the patients fulfiling AECG
and ACR/EULAR classification criteria, and the mean ESSDAI
score was nonsignificantly higher in the SGUS+ patients com-
pared to the SGUS- patients.

Eight patients with extraglandular manifestations differed from
their juvenile SS peers in several aspects. All 8 had at some point
been diagnosed with SLE or MCTD and 3 had renal affection,
an extraglandular manifestation with a varied prevalence of 2% to
67% in primary SS (31-33). Kidney involvement was not observed
in any other patients in the cohort. Although 7 of 8 patients fulfilled
the classification criteria for primary SS, a possible misdiagnosis
cannot be ruled out, as differentiation between various connec-
tive tissue diseases can be difficult. Nonetheless, 3 of 8 patients
with SLE/MCTD presented with SS-like SGUS changes, such as
hypoechogenic areas and inhomogeneity (27), consistent with the
frequency of imaging findings in this subgroup of the cohort.

Previous or current systemic treatment was also quite fre-
quent, especially in patients with extraglandular manifestations.
For the majority of patients, the current systemic treatment was
hydroxychloroquine. Only 18 of 40 patients with current hydroxy-
chloroquine treatment displayed SGUS+ changes, whereas 16
of 19 patients without current treatment showed changes. These
results should, however, be interpreted with care because among
those 2 groups there is both a higher proportion of patients with
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extraglandular manifestations (39 of 40 versus 14 of 19, respec-
tively) (P = 0.005), current systemic treatment (37 of 40 versus 9 of
19, respectively) (P = 0.001), and a lower degree of SGUS+ status
in a subgroup of the cohort consisting of patients included in Brazil
compared to Europe/US (15 of 40 versus 26 of 27) (P = 0.000),
and a possible confounding factor cannot be ruled out. Patients
in this Brazilian subgroup were also older when included, and the
mean time from diagnosis to inclusion was higher.

Studying the current group of patients revealed variation in
subjective symptoms, clinical findings, application of diagnostic
tests/methods, and treatment regimes. More invasive diagnostic
methods (such as sialo-scintigraphy and sialography, compared
to sialometry) and systemic treatment (azathioprine and high dose
corticosteroids/prednisone) were observed in the subgroup of the
cohort consisting of patients included in Brazil, possibly due to a
higher incidence of extraglandular manifestations.

The data presented in this study were a combination of newly
acquired and retrospective data. In consequence, shortcomings
include lack of new blood tests and incomplete clinical data, limit-
ing the application of AECG and ACR/EULAR classification crite-
ria. Different ultrasonography machines and probes were used for
the SGUS examinations, possibly affecting the results obtained. To
move forward, a prospective study with a more rigorous design,
a more standardized regime for data collection, and international
collaborations are necessary to characterize this rare condition
and establish adequate criteria for diagnosis and classification.

In conclusion, findings in the juvenile SS patients studied indi-
cate an association between SGUS results, hyposalivation, and
autoantibodies. In many patients, SGUS status was also associ-
ated with salivary gland swelling, a previously known and common
clinical finding in juvenile SS. SGUS is an interesting diagnostic
tool for identifying patients with juvenile SS.

ACKNOWLEDGMENTS

The authors thank Dr. Roland Jonsson for invaluable advice
on conception and design of the study, for providing a sound sci-
entific environment encouraging collaborations, and for critical
commentary on the manuscript. We also thank Jannicke Igland at
the Department of Global Public Health and Primary Care, Univer-
sity of Bergen, for valuable advice on statistical analyses.

AUTHOR CONTRIBUTIONS

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

Study conception and design. Hammenfors, Valim, Brun, Jonsson.
Acquisition of data. Hammenfors, Valim, Bica, Pasoto, Lilleby,
Nieto-Gonzélez, Silva, Mossel, Pereira, Coelho, Bootsma, Thatayatikom,
Jonsson.

Analysis and interpretation of data. Hammenfors, Jonsson.

REFERENCES

1. Jonsson R, Bolstad Al, Brokstad KA, Brun JG. Sjoégren’s syndrome:
a plethora of clinical and immunological phenotypes with a complex
genetic background. Ann N'Y Acad Sci 2007;1108:433-47.

2. Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM, Alexander
EL, Carsons SE, et al. Classification criteria for Sjdgren’s syndrome:
a revised version of the European criteria proposed by the American-
European Consensus Group. Ann Rheum Dis 2002;61:554-8.

3. Johnsen SJ, Brun JG, Geransson LG, Smastuen MC, Johannesen
TB, Haldorsen K, et al. Risk of non-Hodgkin’s lymphoma in primary
Sjogren’s syndrome: a population-based study. Arthritis Care Res
(Hoboken) 2013;65:816-21.

4. Anaya JM, Ogawa N, Talal N. Sjogren’s syndrome in childhood.
J Rheumatol 1995;22:1152-8.

5. Lieberman SM. Childhood Sjégren syndrome: insights from adults
and animal models. Curr Opin Rheumatol 2013;25:651-7.

6. Cimaz R, Casadei A, Rose C, Bartunkova J, Sediva A, Falcini F, et al.
Primary Sjégren syndrome in the paediatric age: a multicentre sur-
vey. Eur J Pediatr 2003;162:661-5.

7. Fang QG, Liu FY, Sun CF. Recurrent submandibular gland swelling
as a first manifestation in a child with primary Sjégren syndrome.
J Craniofac Surg 2013;24:e413-5.

8. Nikitakis NG, Rivera H, Lariccia C, Papadimitriou JC, Sauk JJ. Pri-
mary Sjogren syndrome in childhood: report of a case and review
of the literature. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
20083;96:42-7.

9. Bogdanovic R, Basta-Jovanovic G, Putnik J, Stajic N, Paripovic
A. Renal involvement in primary Sjogren syndrome of childhood:
case report and literature review. Mod Rheumatol 2013;23:182-9.

10. Schuetz C, Prieur AM, Quartier P. Sicca syndrome and salivary gland
infiltration in children with autoimmune disorders: when can we diag-
nose Sjogren syndrome? Clin Exp Rheumatol 2010;28:434-9.

11. Yokogawa N, Lieberman SM, Alawi F, Bout-Tabaku S, Guttenberg
M, Sherry DD, et al. Comparison of labial minor salivary gland biop-
sies from childhood Sjogren syndrome and age-matched controls.
J Rheumatol 2014;41:1178-82.

12. Houghton K, Malleson P, Cabral D, Petty R, Tucker L. Primary
Sjogren’s syndrome in children and adolescents: are proposed diag-
nostic criteria applicable? J Rheumatol 2005;32:2225-32.

13. Shiboski CH, Shiboski SC, Seror R, Criswell LA, Labetoulle M, Liet-
man TM, et al. 2016 American College of Rheumatology/European
League Against Rheumatism classification criteria for primary Sjégren’s
syndrome: a consensus and data-driven methodology involving three
international patient cohorts. Arthritis Rheum 2017;69:35-45.

14. De Vita S, Lorenzon G, Rossi G, Sabella M, Fossaluzza V. Salivary
gland echography in primary and secondary Sjogren’s syndrome.
Clin Exp Rheumatol 1992;10:351-6.

15. Obinata K, Sato T, Ohmori K, Shindo M, Nakamura M. A comparison
of diagnostic tools for Sjégren syndrome, with emphasis on sialog-
raphy, histopathology, and ultrasonography. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2010;109:129-34.

16. Milic VD, Petrovic RR, Boricic IV, Marinkovic-Eric J, Radunovic GL,
Jeremic PD, et al. Diagnostic value of salivary gland ultrasonographic
scoring system in primary Sjogren’s syndrome: a comparison with
scintigraphy and biopsy. J Rheumatol 2009;36:1495-500.

17. Salaffi F, Argalia G, Carotti M, Giannini FB, Palombi C. Salivary gland ul-
trasonography in the evaluation of primary Sjdgren’s syndrome: compar-
ison with minor salivary gland biopsy. J Rheumatol 2000;27:1229-36.

18. Cornec D, Jousse-Joulin S, Marhadour T, Pers JO, Boisrame-Gastrin
S, Renaudineau 'V, et al. Salivary gland ultrasonography improves the
diagnostic performance of the 2012 American College of Rheuma-
tology classification criteria for Sjégren’s syndrome. Rheumatology
(Oxford) 2014;53:1604-7.



SALIVARY GLAND ULTRASONOGRAPHY IN JUVENILE SS

87

20.

21.

22.

23.

24

25.

26.

. Carotti M, Ciapetti A, Jousse-Joulin S, Salaffi F. Ultrasonography of

the salivary glands: the role of grey-scale and colour/power Doppler.
Clin Exp Rheumatol 2014;32 Suppl 80:561-70.

Nieto-Gonzalez JC, Monteagudo |, Bello N, Martinez-Estupinan L,
Naredo E, Carreno L. Salivary gland ultrasound in children: a useful
tool in the diagnosis of juvenile Sjogren’s syndrome. Clin Exp Rheu-
matol 2014;32:578-80.

Civilibal M, Canpolat N, Yurt A, Kurugoglu S, Erdamar S, Bagci O,
et al. A child with primary Sjégren syndrome and a review of the
literature. Clin Pediatr (Phila) 2007;46:738-42.

Lee J, Koh JH, Kwok SK, Park SH. The EULAR Sjogren’s Syndrome
Patient-Reported Index is an independent determinant of health-
related utility values of Korean patients with primary Sjogren’s syn-
drome. Clin Exp Rheumatol 2016;34:663-7.

Seror R, Bowman SJ, Brito-Zeron P, Theander E, Bootsma H,
Tzioufas A, et al. EULAR Sjogren’s syndrome disease activity index
(ESSDAI): a user guide. RMD Open 2015;1:6000022.

. Haugen AJ, Peen E, Hulten B, Johannessen AC, Brun JG, Halse AK|,

et al. Estimation of the prevalence of primary Sjogren’s syndrome in
two age-different community-based populations using two sets of
classification criteria: the Hordaland Health Study. Scand J Rheuma-
tol 2008;37:30-4.

Virdee S, Greenan-Barrett J, Ciurtin C. A systematic review of pri-
mary Sjogren’s syndrome in male and paediatric populations. Clin
Rheumatol 2017;36:2225-36.

Ramirez Sepulveda JI, Kvarnstrom M, Eriksson P, Mandl T, Norheim
KB, Johnsen SJ, et al. Long-term follow-up in primary Sjégren’s

27.

28.

29.

30.

31.

32.

33.

syndrome reveals differences in clinical presentation between female
and male patients. Biol Sex Differ 2017;8:25.

Goransson LG, Haldorsen K, Brun JG, Harboe E, Jonsson MV,
Skarstein K, et al. The point prevalence of clinically relevant primary
Sjogren’s syndrome in two Norwegian counties. Scand J Rheumatol
2011;40:221-4.

Hammenfors DS, Brun JG, Jonsson R, Jonsson MV. Diagnostic
utility of major salivary gland ultrasonography in primary Sjégren’s
syndrome. Clin Exp Rheumatol 2015;33:56-62.

Yokogawa N, Lieberman SM, Sherry DD, Vivino FB. Features of
childhood Sjogren’s syndrome in comparison to adult Sjogren’s syn-
drome: considerations in establishing child-specific diagnostic cri-
teria. Clin Exp Rheumatol 2016;34:343-51.

Both T, Dalm VA, van Hagen PM, van Daele PL. Reviewing primary
Sjogren’s syndrome: beyond the dryness. From pathophysiology to
diagnosis and treatment. Int J Med Sci 2017;14:191-200.

Bossini N, Savoldi S, Franceschini F, Mombelloni S, Baronio M,
Cavazzana |, et al. Clinical and morphological features of kidney in-
volvement in primary Sjégren’s syndrome. Nephrol Dial Transplant
2001;16:2328-36.

Pertovaara M, Korpela M, Pasternack A. Factors predictive of renal
involvement in patients with primary Sjégren’s syndrome. Clin Neph-
rol 2001;56:10-8.

Vitali G, Bombardieri S, Moutsopoulos HM, Balestrieri G,
Bencivelli W, Bernstein RM, et al. Preliminary criteria for the classification
of Sjégren’s syndrome: results of a prospective concerted action sup-
ported by the European Community. Arthritis Rheum 1993;36:340-7.



Arthritis Care & Research

Vol. 72, No. 1, January 2020, pp 88-97

DOI 10.1002/acr.23932

© 2019, American College of Rheumatology

AMERICAN COLLEGE
o RHEUMATOLOGY

Empowering R logy Professional

Predicting Incident Radiographic Knee Osteoarthritis in
Middle-Aged Women Within Four Years: The Importance of
Knee-Level Prognostic Factors
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Objective. To develop and internally validate risk models and a clinical risk score tool to predict incident radio-
graphic knee osteoarthritis (RKOA) in middle-aged women.

Methods. We analyzed 649 women in the Chingford 1,000 Women study. The outcome was incident RKOA, de-
fined as Kellgren/Lawrence grade 0-1 at baseline and >2 at year 5. We estimated predictors’ effects on the outcome
using logistic regression models. Two models were generated. The clinical model considered patient characteristics,
medication, biomarkers, and knee symptoms. The radiographic model considered the same factors, plus radio-
graphic factors (e.g., angle between the acetabular roof and the ilium’s vertical cortex [hip a-angle]). The models were
internally validated. Model performance was assessed using calibration and discrimination (area under the receiver
characteristic curve [AUC]).

Results. The clinical model contained age, quadriceps circumference, and a cartilage degradation marker
(C-terminal telopeptide of type Il collagen) as predictors (AUC = 0.692). The radiographic model contained older
age, greater quadriceps circumference, knee pain, knee baseline Kellgren/Lawrence grade 1 (versus 0), greater
hip a-angle, greater spinal bone mineral density, and contralateral RKOA at baseline as predictors (AUC = 0.797).
Calibration tests showed good agreement between the observed and predicted incident RKOA. A clinical risk score
tool was developed from the clinical model.

Conclusion. Two models predicting incident RKOA within 4 years were developed, including radiographic vari-
ables that improved model performance. First-time predictor hip a-angle and contralateral RKOA suggest OA origins
beyond the knee. The clinical tool has the potential to help physicians identify patients at risk of RKOA in routine

practice, but the tool should be externally validated.
INTRODUCTION

Knee osteoarthritis (OA) is one of the greatest contributors to
global disability and a major global public health burden (1). It was
the indication for surgery in 96% of the 98,147 primary knee-joint
replacements conducted in the UK in 2016 (2). The current treat-
ment for knee OA pain is limited to symptom relief with analgesics
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and/or physiotherapy. Preventing knee OA is thus an increased
focus of public health.

Previous studies have identified risk factors for the incidence
and progression of radiographic knee osteoarthritis (RKOA), such
as older age, female sex, and higher body mass index (BMI) (3-6).
However, only 3 prognostic models have been developed for inci-
dent RKOA (7-9). Two of these models were developed using 9
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SIGNIFICANCE & INNOVATIONS

+ Identifying women with knees at high risk of devel-
oping radiographic knee osteoarthritis (RKOA) will
enable preventive measures to be tested. To do so,
we have developed clinical and radiologic predic-
tive models for short-term incidence of RKOA.

* We have generated a risk score tool to help clini-
cians use the clinical model and inform their pa-
tients about their risk of developing RKOA.

+ Both models and the risk score tool could be use-
ful in identifying participants at risk of developing
RKOA in the short-term for clinical trials.

+ The radiographic model selected hip a-angle, bone
mineral density at the spine lumbar, and contralat-
eral knee OA as predictors of RKOA, suggesting OA
origins beyond the knee area.

and 12 years of participant follow-up data (7,9). The most recent
study followed participants for 5 years to identify rapid progression
and considered radiographic tibiofemoral OA as the outcome (8).

Because the rate at which knee OA progresses varies con-
siderably between patients (10), a model for short-term incident
RKOA is needed to identify homogeneous phenotypes of patients,
to facilitate forecasting and target potential treatments (11). Many of
the known risk factors for RKOA have only been studied in isolation
(12,13). Their combined effects and any other risk factors for the
onset of short-term RKOA are needed to better identify those at risk.

To the best of our knowledge, this is the first study to asses
a wide range of potential predictors that includes physical assess-
ment, sociodemographic characteristics, medication, biomarkers,
medical history (family history, knee pain, activity associated with a
painful knee, and occupation), spine and hip radiographs and den-
sitometries, and lifestyle. Incorporating new predictors in clinical
prediction models adds value, improving the information available
to clinicians and patients when deciding on preventive strategies
to reduce rapid disease incidence. A description of patients at risk
of rapid progression to RKOA will also help in selecting partici-
pants for randomized controlled trials of new interventions.

We aimed to develop and internally validate a prognostic
model for short-term incidence of RKOA in a population-based
cohort of women, focusing on knee-level risk factors. We also
aimed to develop a clinical risk prediction tool to help clinicians
identify women who are most likely to develop RKOA within 4 years.

MATERIALS AND METHODS

Data source and sample size. This study was carried out
retrospectively using data from the Chingford 1,000 Women studly.
This is a well-described prospective population-based cohort
of 1,003 women seen annually for osteoporosis and OA over 23
years (3). Women were selected from the age/sex register of a large
general practice in Chingford, North London, UK. They lived in a

middle-class area and were mostly white (98%) and middle-aged
(ages 44-67 years). Women included in this analysis were recruited
at the baseline between 1988 and 1989 and were seen again 4
years later.

Participants. The unit of analysis was the knee. Each
woman participated with 1 or both knees, which were radio-
graphed at baseline (year 1) and follow-up (year 5). Exclusion cri-
teria for participants were any indication of inflammatory arthritis
(rheumatoid arthritis or lupus) or a neurologic medical condition
(poliomyelitis, Parkinson’s disease, stroke, multiple sclerosis, or
cerebral palsy) at baseline or year 10, because this information
was not available for year 5. Fifty participants were excluded
using these criteria. Individual knees were also excluded if they
had a Kellgren/Lawrence (K/L) grade of 2 or more (14), an osteo-
phyte (lateral or medial), or joint space narrowing (JSN) of grade
>1 at baseline (10). The ethics committee approved the Ching-
ford study (reference number: LREC R & WF 96), and written
informed consent was obtained from each participant.

Outcome. The outcome was incident RKOA, defined as
a knee with a K/L grade of 0 or 1 at baseline and of grade >2
at year 5. The K/L classification progresses from grade 0 to 4,
based on radiographs (where O = normal, 1 = no JSN and pos-
sible osteophyte, 2 = possible JSN and definite osteophyte, 3 =
definite JSN and multiple osteophytes, sclerosis, and possible
bony deformity, and 4 = marked JSN, large osteophytes, severe
sclerosis, and definite bony deformity) (15,16). The Chingford
study collected weight-bearing anteroposterior-view radio-
graphs of the knee for all participants at baseline and follow-up.
These radiographs were used to assign each knee a K/L grade,
using previously described protocols (3,17).

Predictor variables. The Chingford investigators collected
approximately 700 variables at baseline. A panel of experts in OA
research selected candidate predictors for RKOA from these var-
iables in a 3-round Delphi process. Categorical variables with <5
values in at least 1 category and variables with a poor association
with the outcome (P > 0.2) were excluded. The remaining poten-
tial predictors were used to develop the model. Supplementary
Tables 1-6, available on the Arthritis Care & Research web site
at http://onlinelibrary.wiley.com/doi/10.1002/acr.23932/abstract,
list the potential predictors, and Supplementary Appendix 1,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23932/
abstract, describes how the predictors were assessed.

Statistical analysis. \We developed the prediction model
as follows (18,19). Step 1: to address the issue of missing data,
we generated 50 imputed data sets (20). The linearity of contin-
uous variables with incident RKOA was assessed using fractional
polynomials. Step 2: we evaluated the independent associations
between the potential predictor variables and RKOA incidence with
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logistic regression, using clustered SEs at the person-level. Two
hundred bootstrap samples with replacement were combined with
the 50 imputed data sets. Within each bootstrap sample, auto-
matic backward selection was applied, using a significance level of
0.157 (21), corresponding to the Akaike information criterion. Step
3: variables that appeared in at least 70% of the bootstrap samples
were retained in the final models (22). We developed 2 models. The
first only considered variables that clinicians routinely have access
to: patient characteristics, medications, biomarker risk factors, and
knee symptoms (clinical model). The second also considered
radiographic variables (radiographic model).

Internal validation. We used 200 bootstrap samples with
replacement, combined with multiple imputations, to assess
bias-corrected estimates of predictive ability. Further details of
the multiple imputation, bootstrapping, and internal validation
methods are described in Supplementary Appendix 1, available
on the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr.23932/abstract.

Model performance. We assessed the models’ predictive
performance using calibration and discrimination measures (21).
The area under the receiver characteristic curve (AUC) was used
to assess discrimination. Calibration, how closely predicted risk

corresponds with observed risk, was assessed visually using
calibration plots.

Clinical scoring tool. \We created a points-based risk-scoring
tool from the clinical model for easy clinical use, using previously
described methods (23,24). The tool estimates the short-term risk of
incident RKOA. All analyses were conducted using Stata software,
version 13.1. We followed the TRIPOD (Transparent Reporting of a
Multivariable Prediction Model for Individual Prognosis Or Diagnosis)
guidelines to ensure correct reporting (25).

RESULTS

Study characteristics. We analyzed 1,184 knees from 649
women for whom radiographic data were available at baseline (year
1) and year 5. The participants’ mean + SD age was 54 + 6 years.
Figure 1 shows the selection criteria for the included knees and that
109 knees (9.2%; n = 95) had developed RKOA by year 5.

We excluded 20 categorical variables for having <5 observa-
tions in >1 category. Following univariable analysis, we excluded
53 of the possible variables (for univariable analysis results, see
Supplementary Tables 1-6, available on the Arthritis Care &

-
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Figure 1. Flowchart showing selection criteria and number of excluded knees in which knee osteoarthritis developed within 4 years. JSN =
joint space narrowing. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23932/
abstract.
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Table 1. Baseline features of knees that do and do not develop radiographic knee osteoarthritis

(RKOA) in 4 years*

No RKOA RKOA
Patient features (n=1,075) (n=109) P
Age, median (IQR) years 53 (48, 58) 56 (51, 60) <0.001t
Age at menopause, years 0.024
No menopause 278 (25.9) 21 (19.3) -
<49 401 (37.3) 32(29.4) -
49-51 258 (24.0) 34(31.2) -
>51 138 (12.8) 22(20.2) -
BMI, median (IQR) kg/m? 24.2(22.5,270) 26.4(23.7,28.9) <0.001
Waist:hip ratio, median (IQR) 0.76 (0.73,0.80) 0.78 (0.75,0.81) 0.005
Weight at age 20 years, median (IQR) kg 54 (50, 60) 57 (53, 63) 0.002
Quadriceps circumference, median (IQR) cm# 42 (39, 45) 44.(41, 47) <0.001
Medication
Oral contraceptive 363 (33.8) 29 (26.6) 0.130
Pain killers 79 (7.4) 13(11.9) 0.089
Biomarkers
CTX-II tertiles (corrected for creatinine), ng/ml - - <0.001
52.7-133.1 294 (34.5) 14(18.9) -
133.2-229.8 290 (34.0) 19 (25.7) -
>229.9 268 (31.5) 41 (55.4) -
Estradiol (E2), median (IQR) pmoles/liter 21 (20, 239) 20 (20, 153) 0.1348
Knee symptoms and height loss, stoop, or hump
Duration, median (IQR) monthst 0,1 0(0,12) 0.0519
Presence of stiffnesst 247 (23.0) 34(31.2) 0.055
Presence of paint 238 (22.1) 37(33.9) 0.005
Presence of swellingt 93 (8.6) 14.(12.8) 0.146
Injured knees for a week 81(8.7) 19(19.2) 0.001
Pain while walking 177 (19.1) 27 (27.3) 0.051
Pain while descending stairs 188(20.2) 30(30.3) 0.020
Pain while bending 188 (20.4) 28(28.9) 0.051
Pain while sitting 12 (12.) 19 (19.2) 0.043
Unstable knees 165 (17.8) 32(33.0) <0.001
Morning stiffness 233(25.1) 33(33.3) 0.077
Weather affects knees 157 (16.9) 28(28.0) 0.006
Job/daily activities involved knee bending 10 years ago# - - 0.020

None/little/moderate 699 (71.8) 58 (60.4) -

A lot/always 275(28.2) 38(39.6) -
Loss of height, stoop, or hump 119 (11.1) 17 (15.6) 0.160

Radiology factors
Baseline knee K/L grade® - - <0.001

0 1,029 (95.7) 75 (68.8) -

1 46 (4.3) 34(31.2) -
Contralateral knee with RKOA at baselinef 83(7.7) 31 (28.4) <0.001
Hip a-angle, mean + SD degrees# 554 +18.3 61.8+22.7 0.004**
Spine osteophytes, no. = = 0.080

0-3 676 (66.3) 57 (57.6) -

>3 343 (33.7) 42 (42.4) -
Spine discs narrowing space, no. = = 0.027

0 900 (87.6) 79 (79.8) -

>3 127 (12.4) 20(20.2) -
BMD Z-score at the spine L1-L4, mean + SD 0.32+1.25 0.86 +1.41 0.002

* Values are the number (%) unless indicated otherwise. RKOA was considered Kellgren/Lawrence (K/L) grade >2.
These factors were considered potential prognostic factors in both the clinical and radiographic models. The data
were collected in London, 1989 to 1991. IQR = interquartile range; BMI = body mass index; CTX-Il = crosslinked

C-telopeptide of type Il collagen; BMD = bone mineral density.

T Significant F statistic.
1 Side level.

§ Analysis of variance. Variances between groups were not equal.

9| Significant F statistics (0.53) were excluded when there were no symptoms on the knee (values = 0).

# Collected at year 3.

** Analysis of variance. Bartlett's test for equal variances (P = 0.006).
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Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23932/abstract). Missing data for the variables included in this
study are shown in Supplementary Table 7, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23932/abstract.

The remaining 30 potential predictors were used to develop
the model, of which 24 are routinely available to clinicians and 6
are radiographic variables. Table 1 compares the 30 candidate
risk factors between knees that developed RKOA within 4 years
(by year 5) and those that did not. Supplementary Table 8, avail-
able on the Arthritis Care & Research web site at http://online
library.wiley.com/doi/10.1002/acr.23932/abstract, describes the
30 potential risk factors in greater detail.

Almost half of the 30 potential factors have been described
previously (9,11,18-20). Sixteen were evaluated for the first time
in the development of a model of RKOA incidence: age at men-
opause, waist-to-circumference ratio, weight at age 20 years,
knee-level quadriceps circumference, painkiller use, duration of
knee symptoms in months, stiffness during joint examination, pain
during joint examination, swelling during joint examination, knees
injured enough to rest them for a week, unstable knees (knees that
give way), weather affecting knees, loss of height or a stoop or
hump, number of thoracic and lumbar vertebrae with osteophytes
or discs with narrowing space (26), and hip a-angle (the angle
between the acetabular roof and the ilium’s vertical cortex) (27).

Multivariable models predicting RKOA. The 24 of the
30 candidate predictors that are routinely available to clinicians
(excluding the radiographic variables) were used to build the clin-
ical multivariable model. Three candidates were identified as pre-
dictors (P < 0.157): older age, greater quadriceps circumference,
and higher urine concentration of C-terminal telopeptide of type Il
collagen (CTX-Il) corrected for creatinine at baseline (Table 2). The
model is described by predicted probability of incident RKOA at
year 5 =1/(1 + exp [- (-10.54 + 0.06 x age + 0.11 x quadriceps
circumference + 0.63 x CTX-II [>229.9 ng/ml category])]).

All 30 candidate predictors, including the radiographic var-
iables, were used to build the radiographic multivariable model.
Seven candidate variables were identified as predictors (P <
0.157): older age, greater quadriceps circumference, presence of
knee pain, K/L grade 1, contralateral RKOA at baseline, greater
hip a-angle (28), and greater bone mineral density (BMD) Z-score
at the spine (Table 2). The model is described by predicted prob-
ability of incident RKOA at year 5 = 1/(1 + exp [-11.64 + 0.07 x
age + 0.09 x quadriceps circumference + 0.53 x knee pain (same
side) + 1.88 x knee K/L grade 1 + 1.09 x contralateral knee with
K/L grade >2 + 0.02 x hip a-angle + 0.28 x BMD Z-score at the
spine L1-L4]).

Model performance. The upper panels of Figure 2 show
the models’ discrimination. The radiographic model (right upper
panel) showed better discrimination (AUC = 0.809, optimism
= 0.012, bias-corrected AUC = 0.797) than the more limited

Table2. Multivariablelogisticregression modelsidentifying
the predictors of radiographic knee osteoarthritis (RKOA) in
women after 4 years of follow-up*

Intercept and Clinical Radiographic
predictors model model
Intercept 2.64x107 879x10°
Age, years 91; 1.06 (1.02-1.10)  78;1.07 (1.02-1.12)
Quadriceps 94,111 (1.06-1.17) 91, 1.09 (1.03-1.15)

circumference, cmt
CTX-Il tertiles, ng/ml

(ref. 52.7-133.1)

>229.9%
Presence of pain

(ref. no)t

Yes -
Baseline knee K/L

grade (ref. grade 0)t

85;1.89 (1.13-3.14) =

73;1.70(0.99-2.90)

Grade 1 - 100; 6.54 (3.62-11.83)
Contralateral knee

with RKOA at

baseline (ref. no)t

Yes - 95;2.97 (1.65-5.33)

Hip a-angle, degreest -
Z score BMD at the -

95; 1.02 (1.01-1.03)
93; 1.32 (1.06-1.64)

spine L1-L4

AUC 0.699 0.809
Optimism 0.007 0.012
Bias-corrected AUC 0.692 0.797

* Values are the % retained; odds ratio (95% confidence interval),
unless indicated otherwise. RKOA was considered Kellgren/Law-
rence (K/L) grade >2. Retained indicates how often, as a percentage,
a variable was retained in the final model after 200 bootstrapping at-
tempts. CTX-Il = crosslinked C-telopeptide of type Il collagen; BMD =
bone mineral density; AUC = area under the receiver characteristic
curve.

t Side level.

¥ 133.2-229.8 ng/ml of urine CTX-Il was retained only 3% of the time
and was not considered for prediction.

clinical model (left upper panel, AUC = 0.699, optimism = 0.007,
bias-corrected AUC = 0.692).

The agreement between the predicted and observed val-
ues of incident RKOA at year 5 is shown in the lower panels
of Figure 2 and was assessed visually. Both models showed
good calibration: all of the 95% confidence interval bars and
some of the mean values (data points) intersect with the 45°
line that indicates perfect agreement between the predicted
and observed RKOA at year 5. However, both models slightly
overestimated some of the lowest values. Our models there-
fore estimated that fewer patients would develop RKOA than
was observed in our sample for those patients who had a low
probability of developing RKOA.

Clinical scoring tool. The clinical model with routinely
available variables (age, quadriceps circumference, and urine
CTX-l) was developed into a clinical scoring tool (Table 3). The
tool gives scores from O (lowest risk) to 17 (greatest risk). A
woman will reach the highest score if she is age 52-66 years,
has a quadriceps with a circumference of 44-63 cm, and has
a concentration of urine CTX-II of 0.23-1.34 pg/ml. We also
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Figure 2. Discrimination and calibration plots with bias-corrected area under the receiver characteristic curve (AUC). Upper panels show
discrimination when using age, quadriceps circumference, and urine crosslinked C-telopeptide of type Il collagen (CTX-ll) as predictors of
incident radiographic knee osteoarthritis (RKOA; Kellgren/Lawrence grade >2) (clinical model; left), and when using age, quadriceps, painful
knee, and radiologic factors as predictors (radiographic model; right). The area under the solid line and above the dotted line (line of no-
discrimination) indicates the ability of the model to predict whether patients will develop RKOA within 4 years. Lower panels show the calibration
of the imputed development data set for the clinical (left) and radiographic model (right). The sample used for validation was divided into 10
equal parts, according to their predicted risk. For each decile, the mean predicted risk is shown on the x-axis and the mean observed cases on
the y-axis. The bars indicate 95% Agresti—Coull confidence intervals. The red straight line indicates perfect agreement between the observed

and predicted values.

generated a tool that adds the 4 radiographic variables to
the 3 routinely available variables, for those physicians with
access to radiographs (see Supplementary Table 9, available
on the Arthritis Care & Research web site at http://onlinelibrary.

wiley.com/doi/10.1002/acr.23932/abstract).

DISCUSSION

We developed and internally validated 2 prediction mod-
els for incident RKOA in middle-aged women, one using infor-
mation readily available to clinicians (clinical model) and the
other supplementing this information with radiographic fea-
tures (radiographic model). Both models showed good predic-
tive validity, with bias-corrected AUCs of 0.692 (clinical model)
and 0.797 (radiographic model). Calibration tests showed

good agreement between the observed and predicted inci-
dent RKOA.

We also developed a clinical risk score tool to identify women
at short-term risk of RKOA, using the predictors identified in the
clinical model so that it can easily be used in clinical practice. A par-
ticipant with a score of 5 would have a 30% ([5/17] x 100 = 29.4)
probability of developing RKOA within 4 years. Higher risk is driven
by the urine CTX-Il marker. Patients with no risk from age (44-48
years) or quadriceps circumference (32-39 cm) but with high
urine CTX-II (0.2-1.3 pg/ml) would have a 77% ([13/17] x 100 =
76.5) probability of developing RKOA within 4 years.

Older age, bigger quadriceps circumference, and elevated
urine CTX-Il were predictors of incident RKOA in the clinical model.
When radiographic features, hip a-angle, and bone density were
added to form the radiographic model, the predictive ability improved
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Table 3. Risk score points system for identifying women at risk of developing radiographic
knee osteoarthritis (RKOA) in the next 4 years, created using predictor variables identified

in the clinical model*

Baseline Regression Reference Risk Final risk
risk factor coefficient value score scoret
Age, years 1.06 - - -
44-48 - 46 4 0
49-51 - 50 5 1
52-66 - 59 6 2
Quadriceps 111 - - -
circumference, cm¥
32-39 - 355 3 0
40-43 - 415 4 1
44-63 - 53.5 5 2
CTX-Il tertiles, pg/mi8 19 - - -
0.0527-0.1331 - 0.09 1 0
0.1332-0.2298 - 018 3 2
0.2299-1.3381 - 0.78 14 13

* RKOA was considered Kellgren/Lawrence grade >2. To calculate a patient's risk: 1) Find their mea-
surement for each characteristic, 2) Circle the appropriate final risk score for each characteristic, 3) Add
up the scores to give a total risk score, and 4) Convert the risk score to a % probability by dividing the
score by the maximum possible (17) and multiplying by 100. CTX-Il = crosslinked C-telopeptide of type

Il collagen.

T Score of 0 indicates lowest risk and score of 17 indicates greatest risk.

¥ Side level.

§ Original values in nanograms/ml transformed to micrograms/ml, i.e. divided by 1,000.

considerably, increasing from 69% to 80%. The radiographic model
selected age and quadriceps circumference, similar to the clinical
model, but did not select urine CTX-II. The radiographic model also
selected knee pain, baseline K/L grade, contralateral knee with
RKOA at baseline, hip a-angle, and Z score BMD at the spine L1-
L4. The principal predictors (those with the highest odds ratios and
strongest predictive ability) in the radiographic model were RKOA
in the contralateral knee (3 times more associated with incidence
RKOA than a contralateral knee free of RKOA) and K/L grade 1 in
the index knee (6.5 times more related to incidence RKOA than the
index knee with K/L grade 0), at baseline (Table 2).

Within the National Institute for Health and Care Excellence
recommendations (29), patients with no pain or symptoms of
knee OA who are age >45 years and have an activity associated
with knee pain could be assessed using our clinical predictive tool
to predict their risk of developing RKOA in the next 4 years. The
radiographic predictive tool that includes radiographic variables
could be useful in clinical practice if further investigation is under-
taken when diagnosis is in doubt or in preparation for referral to
a rheumatologist. Age (selected in both models) and knee pain
(selected in the radiographic model) are both well-known risk
factors for the incidence of RKOA (4,10,30-32).

Our models showed that a greater quadriceps circumference
was associated with incidence RKOA. A larger circumference
may reflect more subcutaneous fat around the knee. Individuals
who are overweight may have added issues with load and muscle
imbalance, which can lead to quadriceps inflammation (33,34).
Measuring the quadriceps circumference in clinical practice is
easy, making this a useful predictor (35).

As urine CTX-Il'is a by-product of the degradation of knee
components such as matrix and cartilage, its presence has been
associated with OA and osteoporosis (36). A meta-analysis that
included the Chingford cohort used here showed that a higher
likelihood of incident knee OA was associated with higher levels of
urine CTX-II (37). Although urine CTX-Il was a significant predictor
in our clinical model, it was not selected in our radiographic model.
Urine CTX-Il may therefore be a surrogate for radiographic factors,
which could be useful in clinical practice when radiographs are
unavailable.

A K/L grade of 1 and contralateral RKOA were strong predic-
tors of RKOA in our radiographic model. These associations are
already well-known (7,8), and an existing person-level prediction
model also includes a K/L grade of 1 as a predictor (7).

This is the first time that hip a-angle has been identified
as a predictor of incident RKOA. The a-angle is a radiologic
measure used to diagnose femoroacetabular impingement
at the hip, which causes hip pain and dysfunction (38). The
most common threshold for diagnosis is an angle >50° (28).
The mean of a-angles in the group with RKOA at year 5
exceeded this threshold in our study. A larger hip a-angle
may thus reflect serious biomechanical changes and point
to an OA origin beyond the knee that leads to an increased
risk of knee RKOA. For example, a greater hip a-angle might
indicate abnormal rotation of the tibia with respect to the
femur, leading to knee OA (39). A greater hip a-angle may
also be related to hip OA, which flexes, externally rotates,
and adducts the hip. These changes may lead to apparent
limb shortening.
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We found higher BMD at the spine in women with short-term
incident RKOA than in those without RKOA. A lumbar spine with a
higher BMD has previously been associated with knee OA (40,41).
A recent population-based study showed a correlation between
the spine BMD and knee osteophyte score, and a negative corre-
lation between the spine BMD and JSN (42). High systemic BMD
has also been associated with incident RKOA (43,44), and an esti-
mated 45% of the association between high bone mass and knee
OA may be mediated by BMI (45). However, this is the first time
that higher spine BMD has been shown to be useful in a predictive
model of RKOA.

Clinical practice needs predictive tools for identifying those
at risk of developing RKOA in the short term (6,46). Identifying
those at short-term risk will allow new interventions targeting this
population. However, 2 of the 3 previously developed models for
incidence of RKOA followed individuals for 9 (7) and 12 (9) years.
The studies therefore selected prognostic factors that could pre-
dict RKOA in the medium to long term. Riddle et al (8) investigated
short-term risk by following participants for 5 years, but focused
on older individuals with a higher BMI who were at high risk for
developing OA, and only considered those with radiographic tib-
iofemoral OA. Our model bridges this gap by predicting the short-
term incidence of all RKOA.

Unlike our study, none of the 3 previous studies (7—9) included
any form of internal validation to account for optimism in the pre-
dictive performance of the developed models (25,47). The AUC
values presented in these published studies would have been
lower if internal validation were used.

Kerkhof et al (7) also produced a clinical model that excluded
radiographic variables but included age, CTX-Il, and BMI. This
model had reasonable discriminatory power (AUC = 0.66). Our
clinical model used knee-level quadriceps circumference instead
of BMI and had improved discriminatory power (AUC = 0.69)
than Kerkhof’s clinical model. Both clinical models included urine
CTX-II. The use of CTX-Il added little to the predictive value of their
model, whereas higher urine CTX-Il levels doubled the probability
of short-term RKOA in our clinical model (48). Our clinical model
was also better at predicting incidence of RKOA than alternative
models assessed by Kerkhof et al that considered ambulation,
disability, and genetic risk factors.

Qur clinical model performed similarly (AUC = 0.69) to the
model of Zhang et al (9) when developed using data from the Not-
tingham knee OA retrospective cohort (AUC = 0.70). However,
our clinical model is simpler to implement because it only consid-
ers 3 predictors (age, knee-level quadriceps circumference, and
urine CTX-l), in comparison with their 6-predictor model (age, sex,
BMI, occupational risk, family history of OA, and previous serious
knee injury).

None of the existing models used calibration plots to
check agreement between predicted and observed proba-
bilities (7-9). Instead, they used the Hosmer-Lemeshow test.
The TRIPOD guideline discourages using that test because

it has limited statistical power when assessing poor calibra-
tion and tends to give a significant result if a large enough
sample is used (25). We presented calibration plots showing
that the confidence intervals for most of our models’ predic-
tions overlapped with the 45° line, showing agreement with
the observed RKOA incidence. The probability of developing
incident RKOA in the next 4 years in our general population
of middle-aged women varied between 3 of 100 women and
20 of 100 women. Because this model was developed using
data from a healthy, urban population of white middle-aged
women, it cannot be assumed that the model will make accu-
rate predictions in other populations. We suggest testing and
validation before use in, for example, hospital inpatient, rural,
younger female, older female, and male populations.

This study has several strengths. Our knee-level approach
allowed us to identify risk factors whose effects are connected to
the side of the body they are in, in relation to the knee that devel-
oped RKOA: quadriceps circumference, knee pain evaluated by
the physician, specific knee K/L grade, contralateral knee with
RKOA, and ipsilateral hip a-angle.

The reproducibility of the model was ensured by using mul-
tiple imputation and bootstrapping (49), so that only significant
predictors were selected. We grouped the risk factors together
into those that clinicians readily have access to and those that
require radiography. The resulting 2 risk models support clinical
decision-making between the physician and patient in 2 common
scenarios, before and after radiography. We created a risk predic-
tion tool to assess the short-term risk of incident RKOA, which will
help physicians to inform their patients about their risk for incident
RKOA and support the physician in addressing preventive mea-
sures to avoid the outcome.

The study also has potential limitations. Because uncon-
trolled parameters such as lifestyle factors may have changed
since this study started in 1988 to 1989, the results may not be
generalizable to individuals in 2018. However, our findings are
consistent with recent studies (4,12,13,37), which support the
idea that these potential differences may not have any impact on
the relationship between the selected predictors and RKOA.

External validation was beyond the scope of this study,
because an existing cohort of sufficient sample size containing the
required predictors could not be found. Before the models are used
in clinical practice, they should be externally validated using partic-
ipant data from other than the Chingford study to test whether the
model performance is overly optimistic. The models’ generalizability
in men, mixed-sex groups, and nonwhite populations should also
be tested. The predictive capacity identified here may only apply to
individuals with existing radiographic changes, which could limit the
clinical utility of the tool. This requires further investigation.

K/L grade >2 does not account for knee symptoms. However,
K/L grade >2 is strongly associated with knee pain and closely
linked to knee replacement (32). We instead tested knee pain as a
potential predictor, which was selected in the radiographic model.
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We developed 2 predictive models for short-term incidence
of RKOA in middle-aged, predominantly white women, a simple
clinical model and a more complete radiographic model. The clin-
ical model uses 3 variables that clinicians can easily measure and
use to identify and inform women who have knees at higher risk
of RKOA in the clinical setting: age, quadriceps circumference,
and urine CTX-Il level. The radiographic predictive model uses 7
variables and includes radiographic factors such as hip a-angle to
increase the predictive capacity of the clinical model of short-term
incidence of RKOA.

This is the first time that ipsilateral hip a-angle has been iden-
tified as a predictor of RKOA. The selection of hip a-angle, BMD
at the lumbar spine, and contralateral knee OA as predictors of
RKOA suggest OA origins beyond the knee area, although fur-
ther research is needed before a mechanism for how these cause
RKOA can be suggested. We also developed a risk score tool
to help clinicians use the clinical model. Identifying women with
knees at high risk of developing RKOA will enable preventive
measures to be tested. Once externally validated, both models
and the risk score tool could be useful in identifying participants
for clinical trials.
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Objective. The association of diabetes mellitus (DM) with increased risk of knee osteoarthritis (OA) is uncertain.
We evaluated associations of DM and biomarkers of abnormal glucose metabolism with incident radiographic knee
OA, controlling for body mass index (BMI).

Methods. Participants (mean + SD age 60.6 + 7.8 years; mean + SD body mass index [BMI] 29.1 + 4.9 kg/m?)
were from the Multicenter Osteoarthritis Study and did not have radiographic knee OA at baseline (Kellgren/Lawrence
[K/L] grade <2 bilaterally). A random sample (n = 987) was selected and stratified by BMI. Baseline serum fasting
glucose and homeostasis model assessment-estimated insulin resistance (HOMA-IR) were measured. Participants
were categorized as having DM based on self-report, use of medication, or fasting glucose >126 mg/dl. Incident ra-
diographic knee OA (K/L grade >2 or knee replacement) was assessed at 3 follow-up visits (30, 60, and 84 months).
Knee-level pooled logistic regression analysis was performed to obtain odds ratios (ORs) (95% confidence interval
[95% CI]) for associations of DM status and biomarkers of abnormal glucose metabolism with incident radiographic
knee OA.

Results. After adjustment for BMI, the odds of incident radiographic knee OA were not associated with baseline
DM status nor with levels of fasting glucose and HOMA-IR, overall and in men. In women, HOMA-IR was inversely
associated with odds of incident radiographic knee OA (adjusted OR 0.80 [95% CI 0.69-0.94], P = 0.005).

Conclusion. DM and higher levels of biomarkers of abnormal glucose metabolism were not associated with in-
creased odds of incident radiographic knee OA after adjusting for BMI in this cohort overall. A possible protective

association of higher HOMA-IR with incident radiographic knee OA in women warrants further investigation.

INTRODUCTION

Osteoarthritis (OA) and diabetes mellitus (DM) are com-
mon among older adults in the US. Knee OA causes structural
changes in the joint, resulting in pain and stiffness, and is a promi-
nent cause of global disability (1). It is estimated that 16% of adults
in the US who are ages 45 years and older develop symptomatic
knee OA (2,3). By 2018, the prevalence of knee OA is projected
to reach 35% in obese individuals ages 60-64 years (4). In the
US, approximately 9.3% of the population has DM, and DM is
even more prevalent among older adults (25.9% of adults ages 65
years and older) (5). Moreover, by 2050, 55% of adults in this age
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group are expected to be diagnosed with DM. Type 2 DM is more
common and comprises 90-95% of all DM cases (6).

Findings from previous epidemiologic studies have sug-
gested that OA is associated with elevated fasting glucose
(7,8) and is highly prevalent among those with DM (9-13). Pro-
posed etiologies include advanced glycation end products,
which reduce cartilage integrity (14,15). Additionally, inflam-
mation could contribute to changes in cartilage metabolism
and integrity (14), as well as neuromuscular impairment (as
a result of symmetric sensory polyneuropathy and autonomic
neuropathy from long-standing DM), which could lead to mus-
cle weakness and joint laxity (15).
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SIGNIFICANCE & INNOVATIONS

+ Osteoarthritis (OA) and diabetes mellitus (DM) are 2
of the most prevalent diseases worldwide.

+ Findings of meta-analyses have suggested positive
associations of DM and OA, though limitations of
previous studies include heterogeneity in defini-
tions of OA and DM and lack of adjustment for body
mass index (BMI) in some studies. In this prospec-
tive study, we examined associations of DM status
and biomarkers of abnormal glucose metabolism
specifically with incident radiographic knee OA.

« Among older women and men with a high risk of
developing knee OA, DM and biomarkers of abnor-
mal glucose metabolism were not associated with
odds of incident radiographic knee OA after adjust-
ment for BMI.

« A possible protective association in women of
greater insulin resistance (homeostasis model as-
sessment-estimated insulin resistance) with lower
odds of incident radiographic knee OA (after BMI
adjustment) deserves further investigation.

There are, however, few studies specifically of the asso-
ciation of DM and knee OA, and results have been conflicting
(16,17). Some studies of DM and knee OA have not adjusted
for body mass index (BMI), even though obesity (high BMI)
increases mechanical load on the knee and is a strong risk
factor for both DM and OA (16-20). A meta-analysis of 6
studies demonstrated an increased risk of knee OA in per-
sons with DM, but a majority of these studies did not adjust
for BMI or obesity (17). A second meta-analysis of 7 studies
that adjusted for BMI showed a small, but significant, increase
in risk of OA, but this analysis pooled results from studies of
knee, hip, and hand OA (16). In addition, both meta-analyses
pooled results from cross-sectional and prospective studies
and included studies with joint replacement as the outcome,
so the temporal relationship between DM and OA is uncertain
(16,17). The potential for reverse causality in cross-sectional
studies (i.e., OA contributing to an increased risk of DM) has
been shown (17,21), indicating that prospective studies of the
association of DM and abnormalities of glucose metabolism
with the subsequent development of OA are needed to under-
stand the contribution of DM to the risk of OA. One prospec-
tive study (22) demonstrated an increased subsequent risk of
either knee or hip replacement (a surrogate for severe OA) in
patients with DM after adjusting for BMI. It remains unknown
whether the presence of DM precedes development of OA
when arthroplasty is the outcome.

The finding of an association between DM and OA after
adjustment for BMI in some studies suggests that other
aspects of DM, including metabolic abnormalities, may con-
tribute to the risk of OA development. However, prospective
studies have not found an association between hyperglycemia

and either the risk of hip or knee replacement (23) or the risk of
incident knee OA (24) after adjustment for BMI. A recent sys-
tematic review of abnormal glucose metabolism as a risk factor
for OA showed that, of 5 longitudinal studies related to knee
OA that adjusted for obesity, 3 studies reported no association,
1 reported a decrease in OA risk, and 1 reported an increase in
OA risk (25). Additional prospective studies of DM and abnor-
malities of glucose metabolism are needed to fully elucidate
their potential role in the development of OA in specific joints.

In light of these previous reports, we evaluated the association
of DM and of biomarkers of abnormal glucose metabolism with
incident radiographic knee osteoarthritis (radiographic knee OA) of
the tibiofemoral joint among participants in the Multicenter Osteo-
arthritis Study (MOST). We hypothesized that the presence of DM,
as well as hyperglycemia and elevated insulin resistance in partic-
ipants with and without DM, would be associated with increased
odds of incident radiographic knee OA, independent of BMI.

MATERIALS AND METHODS

Study participants. We utilized data from MOST, which
is a National Institutes of Health (NIH)-funded, community-based
longitudinal cohort study of risk factors for knee OA in 3,026 men
and women ages 50-79 years, with or at high risk for knee OA. Eli-
gibility for MOST included being overweight or obese (defined as
weighing more than the medium weight for age- and sex-specific
group included in the risk factors for CVD identified in the Framing-
ham Heart Study), history of knee injury that made it difficult to
walk for at least 1 week, prior knee surgery, or frequent knee pain
(26,27). The MOST clinical centers are located at the University of
Alabama at Birmingham and the University of lowa; participants
were recruited from the surrounding areas. Subjects with bilat-
eral total knee replacement (TKR), those unable to walk without
assistance or who were unlikely to participate in follow-up exam-
inations at baseline were excluded from MOST. Weight-bearing
posteroanterior and lateral knee radiographs were acquired during
baseline, 30-, 60-, and 84-month clinic visits. In compliance with
the Helsinki Declaration, the protocol for the MOST Study was
approved by institutional review boards at Boston University, the
University of lowa, the University of Alabama at Birmingham, and
the University of California, San Francisco.

Sample selection. To be eligible for the present analysis,
MOST participants had to have 2 native knees free of OA at base-
line (Kellgren/Lawrence [K/L] grade O or 1 in native knees and no
knee replacement), knee radiographs at baseline and >1 follow-up
visit, and archived baseline fasting serum available. Because of a
limited budget for assays, we were unable to include all eligible
participants (n = 1,280). We therefore selected a random sample
of 1,000 from the eligible participants. The sample was stratified
by decile of BMI (i.e., 100 participants [58 women and 42 men]
were randomly selected from each decile of BMI). We stratified on
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BMI because control for this variable is essential to determine if
DM is associated with OA, independent of BMI. As other studies
have shown (28,29), residual bias can occur if relationships with a
continuous confounder are not properly modeled and a linear rela-
tionship is incorrectly assumed. Strategies to deal with nonlinear
relationships, which are not uncommon in epidemiologic studies of
exposure-outcome associations, include ensuring that the data are
spread across a wide range, as well as the use of restricted splines.
Our sampling approach therefore resulted in a more even distri-
bution of BMI across the entire range of values, which increases
the precision of the adjusted ORs but does not add bias to the
estimates of association. Our approach also allowed us to better
estimate the shape of the relationship of BMI with exposure and
outcome using splines, with the goal of increased accuracy and
precision of the BMI adjusted ORs. However, we found that the use
of splines did not change the adjusted results, so we did not use

3026 eligible at baseline

splines in the main analyses. The BMI groups (deciles) were used
only for the selection of participants. Of these 1,000 participants,
13 were excluded after we determined that they were insulin users
at baseline. The final sample size for the present analysis was 987
(Figure 1).

Measurements. Participants were categorized as having
DM at baseline based on the presence of at least 1 of the fol-
lowing: self-reported diagnosis of DM (“Do you have diabetes or
high blood sugar?”), use of antidiabetic medications (e.g., megliti-
nides, metformin, sulfonylureas, thiazolidinediones) determined by
review of all prescription medications taken in the past 30 days, or
a fasting glucose of >126 mg/dl.

Weight (kg) and height (mm) were measured by standard
medical beam balance and wall-mounted Harpenden stadiome-
ter (Holtain), respectively (30). Weight and height measurements

1607 with radiographic knee OA
at baseline in one or both knees

1419 with no knee OA
at baseline

(KL>2)

98 with no follow-up

1321 with adequate follow-
up documentation

documentation regarding
incidence of knee OA

41 with no fasting serum

1280 participants (746 female, 534
male) eligible for analysis

from baseline

Divided into deciles of BMI

128 per group (~75 female,
53 male) x 10 groups

for stratified analysis

Random sample due to

1000 total participants (580 female,
420 male)

100 per group (~58 female, 42 male)
x 10 groups

budget constraints

13 excluded for insulin use at

987 total participants (574
female, 413 male) included in

final analytic sample

baseline

Figure 1. Flow chart of study sample selection. K/L = Kellgren/Lawrence; OA = osteoarthritis; BMI = body mass index.
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were used to calculate BMI (kg/m?). Self-reported health status
was determined via the Short Form 12 Health Survey (26). Self-
reported physical activity was assessed at baseline with the Phys-
ical Activity Scale for the Elderly (PASE) (31).

Fasting glucose (Unical DxC 800 auto-analyzer, Beckman
Coulter) and free insulin (Abbott Architect i1000SR immunoassay
analyzer, Abbot Diagnostics) levels at baseline were measured on
all subjects. Coefficients of variation ranged from 1.4% to 5.6%
and 2.4% to 2.9%, respectively. Insulin resistance was determined
with the homeostasis model assessment—estimated insulin resist-
ance (HOMA-IR) formula, which is calculated as: (fasting glucose
concentration [mg/dl] x fasting insulin concentration [uU/ml])/405.
HOMA-IR values have been validated as surrogate markers of
insulin resistance and correlate well with insulin resistance values
determined by euglycemic-insulin clamp or the frequently sam-
pled intravenous glucose tolerance test (32).

Posteroanterior weight-bearing knee radiographs were
obtained using a Synaflexer frame (Synarc) to create a standard-
ized knee position. All radiographs for each participant were read
together in known order by a team of experienced readers at a
central location (Boston University). Readers were blind to the DM
status and all clinical characteristics of the participants. Each of the
2 readers read all radiographs from all the participants. Cases of
disagreement were addressed by adjudication with a third reader
(83,34). Self-reported knee replacement was confirmed by radio-
graphs and/or medical records. For the purposes of this knee-
level investigation, knees with incident tibiofemoral radiographic
knee OA were identified separately at each visit from baseline to
84 months. A knee was defined as having this end point if there
was at least 1 follow-up radiograph showing radiographic knee
OA (K/L grade >2) or if there had been a TKR at the time of the
visit. The status of every knee was followed from baseline to 84
months. Once the criteria for incident radiographic knee OA were
met, the knee was considered to have radiographic knee OA for
the remainder of the study. Additionally, physical examinations of
joints occurred at baseline and 30-month follow-up (26).

Statistical analysis. Descriptive characteristics were ana-
lyzed by analysis of variance for continuous variables and chi-
squared test for categorical variables. Incidence of radiographic
knee OA between baseline and the 84-month follow-up were
evaluated as cumulative incidence.

In this study, events were discovered at clinic visits when knee
radiographs were acquired, and we used pooled logistic regres-
sion to conduct a discrete time survival analysis (consecutive clinic
visit at 30, 60, or 84 months). To conduct such an analysis, the
data were transformed to multiple records per knee, 1 record per
visit. If knee status was unknown (e.g., if the visit was missed or if
the visit was done without imaging), the outcome was considered
to be missing. Once an event occurred, all subsequent records
(visits) for the affected knee were dropped from the analysis (i.e.,

each incidence was counted only once). Data collection contin-
ued for the other knee.

Knee-level pooled logistic regression analysis (35,36) was
performed to obtain ORs and 95% Cls for incidence of radio-
graphic knee OA predicted by baseline DM status, baseline fasting
glucose, and HOMA-IR. Generalized estimating equations were
used to account for within-person correlations (between knees).
Models were adjusted for age, sex, race, clinic site, visit (time to
event; this variable allowed for the rate of events to change over
time), and time-dependent BMI at each visit. Formal interactions
for exposure x sex, as well as exposure x BMI, were examined.
Missing observations (2.4% in this study) were dropped from the
analysis.

Sensitivity analyses were also performed. We first examined
whether exclusion of participants with newly reported DM (n =
54) would influence the results of the analyses. Secondly, we per-
formed the analyses in whites only (n = 849) in order to remove the
influence of the race. Additionally, we ran further sensitivity analy-
ses using time-dependent DM (a combination of baseline DM and
incident self-report of DM at a subsequent visit) and DM medica-
tion use, and specifically metformin use, as primary exposures.
We also adjusted models for metformin use (i.e., in this sensitiv-
ity analysis, metformin use was a covariate rather than a primary
exposure). Lastly, we examined the effect of physical activity by
adjusting models for PASE score. All analyses were performed
using SAS, version 9.4.

RESULTS

Among the 987 participants (mean + SD age 60.6 + 7.8
years, 58% female, mean + SD BMI 29.1 + 4.9 kg/m?), 94 (9.5%)
had DM at baseline. Compared to participants without DM, par-
ticipants with DM were more likely to be male, nonwhite, and
reside in Alabama. Among whites residing in lowa, the prev-
alence of DM was 7.1% (5.8% in women and 9.0% in men).
Among whites in Alabama, the prevalence of DM was 8.4%
(7.2% in women and 10.1% in men). The prevalence of DM
in African American participants who resided in Alabama was
23.3% (16.7% in women and 31.5% in men). There were only 3
African American participants who resided in lowa; all were men
and none had DM.

Of the 94 participants classified as having DM at baseline,
56 were taking DM medications (including 42 taking metformin),
and 56 had elevated fasting glucose. Nineteen participants were
classified as having DM based on self-report only, 2 had DM
based on medications only, and 19 had DM based on fasting
glucose levels only.

As expected, participants with DM had significantly higher
fasting glucose, fasting insulin, and HOMA-IR compared to par-
ticipants without DM at baseline (Table 1). Additionally, partici-
pants with DM had a higher BMI and were less likely to consider



102

ROGERS-SOEDER ET AL

Table 1. Descriptive characteristics at baseline*
No baseline DM Baseline DM
(n =893) (n=94) P

Demographic characteristics

Age, years 60.6+78 60.7 + 8.0 0.877

Women, no. (%) 531 (59.5) 43 (45.7) 0.010t

White race, no. (%) 784 (87.8) 65 (69.1) <0.0001t

Clinic (UAB), no. (%) 425 (47.6) 59 (62.8) 0.005t
Metabolic parameters

Fasting blood glucose (mg/dl) 954+9.2 141.7 £ 45.9 <0.0001t

Fasting insulin (mclU/ml) 90+76 146 +10.2 <0.0001t

HOMA-IR 22+19 50+37 <0.0001t
Anthropometric characteristics

Weight (kg) 83.0+15.8 959+ 19.0 <0.0001t

Height (m) 1.7 +0.08 1.7 +0.09 0.1105

BMI (kg/m?) 287 +4.7 325+52 <0.0001t
General functional status

Health status (self-assessment)

Excellent/very good/good, no. (%) 840 (94.1) 73(77.7) <0.0001t

Fair/poor, no. (%) 53(5.9) 21(22.3)

PASE (activity score) 181.5 £ 89.3 197.2 £ 98.3 0.1088

*Values are the mean + SD unless indicated otherwise. DM = diabetes mellitus; UAB = Uni-
versity of Alabama at Birmingham; HOMA-IR = homeostasis model assessment-estimated
insulin resistance; BMI = body mass index; PASE = Physical Activity Scale for the Elderly.

t Significant.

their health status to be “excellent,” “very good,” or “good” com-
pared to participants without DM (Table 1).

In the cohort of 987 participants, 1,972 knees were
included in this analysis. Two participants did not return for
follow-up visits, but they reported by telephone contact a
knee replacement between the 60-month and 84-month vis-
its. There were 165 (2.4%) records with a missing interim visit,
and there were 365 knees (18%) that did not have 84 months
of follow-up.

There were 409 knees with incident radiographic knee OA.
Between baseline and the 84-month follow-up visit, the cumula-
tive incidence of radiographic knee OA for all knees was 23.3%;
the cumulative incidence was slightly higher for knees of patients
with DM compared to knees of those without DM (24.0% versus
23.2%; Table 2).

The ORs of incident radiographic knee OA by baseline DM
status, baseline fasting glucose, and HOMA-IR are presented
in Table 3. Baseline fasting glucose and HOMA-IR were asso-
ciated with increased odds of incident radiographic knee OA
in the unadjusted model, as well as in the model adjusted for
age, race, clinic site, and visit. After adjustment for BMI, these

associations were attenuated and lost statistical significance.
Fasting insulin values were highly correlated with HOMA-IR by
design. As expected, the risk of incident radiographic knee OA
by fasting insulin mirrored the results for HOMA-IR and did not
reveal any new findings (data not shown).

The only formal interaction that neared significance
(P < 0.05) was between HOMA-IR and sex (P = 0.12); sex-
stratified results for the OR for HOMA-IR and incident radio-
graphic knee OA are presented in Table 4. In women, elevated
HOMA-IR was associated with lower odds of incident radio-
graphic knee OA in the model adjusted for sex, age, race, clinic
site, visit, and BMI. In men, elevated HOMA-IR was associated
with increased odds for radiographic knee OA in the model
adjusted for sex, age, race, clinic site, and visit. However, after
adjustment for BMI, this association was attenuated and was no
longer statistically significant.

We repeated all analyses using participant-level inci-
dence of radiographic knee OA as the outcome. There were
no noteworthy differences between results at the participant
level and results at the knee level (data not shown). A total
of 54 participants self-reported a diagnosis of DM between

Table 2. Knee-level incidence of radiographic knee OA during 84-month follow-up*

Study sample No baseline DM Baseline DM
(n=1,972 knees) (n=1,785 knees) (n = 187 knees)
No. of knees with incident Radiographic knee OA 409 368 41
Cumulative incidence (%)
At 30 months 6.5 6.4 8.0
At 60 months 17.2 171 17.5
At 84 months 233 23.2 24.0

* OA = osteoarthritis; DM = diabetes mellitus.
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Table 3. Odds ratios for incidence of knee OA (n = 987 participants [1,972 knees])*

Model Exposure Unadjusted model Adjusted modelt Adjusted model#
1 Baseline DM status 1.06 (0.72-1.54),0.778 1.05(0.71-1.54), 0.813 0.79 (0.53-1.18), 0.246
2 Fasting glucose (per 1SD)  1.14(1.02-1.28), 0.0218 1.14(1.01-1.27), 0.0318 0.98 (0.87-1.11), 0.751
3 HOMA-IR (per 1 SD) 113(1.01-1.27),0.0338  1.13(1.00-1.27), 0.0428 0.89(0.79-1.01), 0.077

* Values are the odds ratio (95% confidence interval), P value for incidence of knee osteoarthritis (OA). DM = diabetes
mellitus; HOMA-IR = homeostasis model of assessment- insulin resistance.

T Adjusted for sex, age, race, clinic site, and visit.

¥ Adjusted for sex, age, race, clinic site, visit, and body mass index (time-dependent).

§ Significant.

baseline and the 84-month follow-up visit, but excluding these
participants from the non-DM group did not substantially
change overall results (see Supplementary Table 1, avail-
able on the Arthritis Care & Research web site at http://onlin
elibrary.wiley.com/doi/10.1002/acr.23809/abstract).  Among
white participants overall, there were no associations between
baseline DM status, fasting glucose, or HOMA-IR and odds
of incident radiographic knee OA in any of the models (see
Supplementary Table 2, available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23809/abstract). Sensitivity analyses
using time-dependent DM as the exposure and PASE score
as a covariate did not substantially alter our main findings (data
not shown). Metformin usage by itself was associated with a
nonsignificant protective effect (OR 0.69 [95% CI 0.43-1.09],
P = 0.11) for radiographic knee OA, but when included as a
covariate in models with HOMA-IR, the protective effect of the
HOMA-IR in women was unchanged and remained significant
(P =0.007).

DISCUSSION

This prospective analysis among older women and men with
an elevated risk of developing knee OA contributes to the litera-
ture by focusing specifically on the associations between DM sta-
tus (as defined by self-report, use of antidiabetic medications, or
fasting glucose) and biomarkers of abnormal glucose metabolism,
with odds of subsequently developing incident radiographic knee
OA.. Contrary to our hypothesis, after adjustment for BMI (a strong
risk factor for both DM and knee OA) (16-20) we did not find

Table 4. Odds ratios for incidence of knee OA by HOMA-IR*

Unadjusted Adjusted Adjusted
Sex model modelt model#
Women§  1.08(0.94-1.24), 1.05(0.91-1.22), 0.80(0.69-0.94),
0.303 0.470 0.0059
Men# 1.28 (1.05-1.56), 1.30(1.07-1.58),  1.09 (0.89-1.33),
0.0159 0.0079 0.424

* Values are the odds ratio (95% confidence interval), P value for in-
cidence of knee osteoarthritis (OA). HOMA-IR = homeostasis model
assessment-estimated insulin resistance.

t Adjusted for sex, age, race, clinic site, and visit.

¥ Adjusted for sex, age, race, clinic site, visit, and body mass index
(time-dependent).

§n="574.

9] Significant.

#n=413.

increased odds of incident radiographic knee OA in participants
with DM nor in participants with higher baseline levels of fasting
glucose and HOMA-IR. Surprisingly, after adjustment for BMI, we
observed a protective association of higher levels of HOMA-IR
with the odds of incident radiographic knee OA in women. This
protective effect was not explained by use of diabetic medications
in those with insulin resistance.

Our findings contrast with some previous studies of DM and
DM-related factors and knee OA but are consistent with other
studies. At least 2 meta-analyses have suggested an overall posi-
tive, though modest, association between the presence of DM and
OA (16,17). However, these analyses have important limitations,
which include combining studies of knee, hip, and hand joints,
combining studies using different definitions of OA (radiographic,
arthroplasty, and clinical diagnosis) and pooling results from cross-
sectional and prospective studies. Many of the included studies
were cross-sectional and/or did not adjust for obesity (16,17), a
strong risk factor for both DM and knee OA (18-20) and impor-
tant potential confounding factor. To our knowledge, there are few
prospective studies of DM and knee OA outcomes, and none of
incident radiographic knee OA, the focus of the present study.
A recent prospective study (13) found, after BMI adjustment,
that increased radiographic progression of existing knee OA was
associated with baseline DM in men, but not women. Whether
DM preceded the onset of knee OA in this study is not known.

Several cohort studies have explored associations between
DM-related variables, including metabolic factors, and knee OA
(22,37-39). Yoshimura and colleagues analyzed impaired glucose
tolerance (IGT), based on elevated glycosylated hemoglobin A,
and the 3-year incidence and progression of radiographic knee
OA in a cohort of Japanese men and women. They found that
IGT was associated with an increased incidence of radiographic
knee OA, but not with the progression of radiographic knee OA,
after adjusting for obesity and other components of the metabolic
syndrome (37). In contrast, in a recent study of components of
metabolic syndrome and the incidence of both radiographic knee
OA and symptomatic knee OA, Niu et al found no association
between elevated fasting glucose and these knee OA outcomes
(24). Similarly, in 2 prospective studies with knee replacement as
the outcome, after adjustment for BMI, there was no associa-
tion between elevated fasting glucose and knee OA (23,38). The
findings of the present analysis, along with the conflicting reports
in the literature, illustrate the complexity of determining whether


http://onlinelibrary.wiley.com/doi/10.1002/acr.23809/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23809/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23809/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23809/abstract
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an independent relationship between DM and OA exists after
accounting for the potentially confounding role of obesity.

Our observation of an inverse association between HOMA-IR
and odds of radiographic knee OA incidence in women was unex-
pected and possibly spurious but was not explained by use of dia-
betic medications, or metformin in particular, in those with insulin
resistance. We also observed a potential, though not significant,
protective effect of metformin usage on incident radiographic
knee OA. This aligns with recent reports (39-41). Further investi-
gation of potential protective effects of DM and DM medications
is warranted.

The association of obesity and DM with OA has suggested
the existence of a metabolic syndrome-associated OA pheno-
type, with potential etiologic roles in joint damage for a variety of
systemic and local metabolic abnormalities, including impaired
glucose metabolism, hypertension, dyslipidemia, inflammation,
oxidative stress, and advanced glycation end products (15,42).
Future studies should address associations of DM and OA within
the broader context of metabolic OA phenotypes.

This study has several strengths, including the utilization of a
prospective design to study incident radiographic knee OA while
eliminating the potential for reverse causality, a well-characterized,
community-acquired cohort, and repeated follow-up over 84 months
for development of radiographic knee OA. We did not rely solely
on self-report to identify participants with DM but also based DM
status on use of prescription antidiabetic medications and fasting
glucose levels.

Our study also has several limitations. It is possible that
some participants may have given unreliable information about
fasting (e.g., overstating the number of hours they had been
fasting before the blood draw) and could have been falsely
classified as having DM due to elevated glucose levels. Since
the study is prospective, this type of misclassification is likely
to be nondifferential with respect to incident OA, which could
influence the ORs toward the null (i.e., no association). Data
on DM type were not collected in the present study. It is likely
that the majority of participants with DM in the present analy-
sis had type 2 DM since type 2 DM is more prevalent (6) and
insulin users were excluded; however, it is possible that some
participants had type 1 DM. The definition of knee OA in this
study was based on radiographic findings only (43). Because
our sample included only those without radiographic OA at
baseline, there were just 14 knees with incident symptomatic
OA (the combination of radiographic OA and frequent knee
pain), which is too few for a separate analysis. Results may
differ for incident symptomatic OA.

Furthermore, this analysis was limited to tibiofemoral OA;
findings may differ when taking patellofermoral or whole knee
OA into account. DM has also been associated with reduced
levels of osteophyte formation, possibly due to diminished
availability of insulin at the cellular level or diabetic microvas-
cular disease attenuating proliferation (44). Potential protective

effects on radiographic knee OA incidence in this study may
reflect the importance of osteophytes in radiographic defini-
tions of OA. Additionally, the MOST cohort was selected to
have an elevated risk for incident radiographic knee OA and
had a high BMI at baseline (6). Thus, results of the present
study may have limited generalizability since our study popula-
tion does not reflect the incidence of radiographic knee OA or
prevalence of DM in the general population. Finally, it is possi-
ble that our sample size was too small to detect associations
between the exposure variables and radiographic knee OA; in
particular, the wide Cls for the baseline DM models in Table 3
suggest a certain degree of imprecision.

In this cohort of older adults with a high risk of developing
knee OA, DM, and higher levels of biomarkers of abnormal glu-
cose metabolism were not associated with increased odds of
incident radiographic knee OA after adjusting for BMI. We found
evidence suggesting that these associations may differ by sex.
In particular, a protective association of higher levels of insulin
resistance (HOMA-IR) with odds of incident radiographic knee
OA after BMI adjustment in women, but not men, deserves fur-
ther investigation.
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Step Rate and Worsening of Patellofemoral and
Tibiofemoral Joint Osteoarthritis in Women and Men: The
Multicenter Osteoarthritis Study
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Objective. To determine the association of self-selected walking step rate with worsening of cartilage damage in
the patellofemoral (PF) joint and tibiofemoral (TF) joint compartments at a 2-year follow-up visit.

Methods. The Multicenter Osteoarthritis Study (MOST) is a prospective cohort of men and women with or at risk
of knee osteoarthritis. Self-selected step rate was measured using an instrumented GAITRite walkway (CIR Systems)
at the 60-month visit. Cartilage damage was semiquantitatively graded on magnetic resonance images at the 60- and
84-month visits in the medial and lateral PF and TF compartments. Step rate was divided into quartiles, and logistic
regression was used to determine the association of step rate with the risk of worsening cartilage damage in men and
women separately. Analyses were adjusted for age, body mass index, and knee injury/surgery.

Results. A total of 1,089 participants were included. Mean + SD age was 66.9 + 7.5 years, mean + SD body
mass index was 29.6 + 4.7 kg/m?, and 62.3% of the participants were women. Women with the lowest step rate had
increased risk of lateral PF (risk ratio [RR] 2.1 [95% confidence interval (95% CI) 1.1-3.8]) and TF (RR 1.8 [95% CI
1.1-2.9]) cartilage damage worsening 2 years later compared to those with the highest step rate. Men with the lowest
step rate had increased risk of medial TF cartilage damage worsening 2 years later (RR 2.1 [95% CI 1.1-3.9]).

Conclusion. Lower step rate was associated with increased risk of cartilage damage worsening in the lateral
PF and TF compartments in women and worsening medial TF joint damage in men. Future research is necessary to

understand the influence of step rate manipulation on joint biomechanics in women and men.

INTRODUCTION

Knee osteoarthritis (OA) is estimated to affect 250 million
people worldwide and is associated with considerable pain, func-
tional limitations, reduced physical activity levels (1), and dimin-
ished overall quality of life (2,3). It can occur in the patellofemoral
(PF) joint, the tibiofemoral (TF) joint, or both.

Step rate (i.e., cadence) indicates the number of steps
taken per minute. At a fixed walking velocity (distance travelled
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per minute), step rate is inversely related to step length (distance
travelled per step). For example, shortened steps require a
greater step rate in order to maintain a constant walking speed.
Step rate can influence joint-specific loads and biomechanics.
In healthy runners, reduced step rate is associated with greater
knee flexion angle, greater peak internal knee extensor moment
(4), and increased peak PF load (5). Results of previous studies
exploring the influence of step rate manipulation have shown
that increasing running step rate while maintaining a constant
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SIGNIFICANCE & INNOVATIONS

+ This is the first study to evaluate the association
of walking step rate with worsening of cartilage
damage in the patellofemoral and tibiofemoral
compartments.

+ Lower step rate is associated with increased risk of
worsening cartilage damage in the lateral patellofem-
oral and tibiofemoral compartments in women.

+ Lower step rate is associated with increased risk of
worsening cartilage damage in the medial tibiofem-
oral compartment in men.

+ This knowledge may inform efforts to slow carti-
lage damage worsening and reduce symptoms;
however, further research is required.

speed can reduce loading to the knee joint compartments (4),
including reduced TF contact forces (6) and reduced peak PF
forces (5) in healthy individuals. Additionally, increasing running
step rate can also reduce PF stress and PF reaction forces in
individuals with PF pain (7). Based on this, it is possible that step
rate may play a role in the development and worsening of OA of
the PF and TF joints.

Evidence from a systematic review indicates that individuals
with knee OA tend to walk with a reduced step rate (8). How-
ever, it is not known whether reduced step rate is an antecedent
cause or a subsequent consequence of more severe disease.
To our knowledge, there are no longitudinal studies that have
investigated the relation of step rate with subsequent worsening
of knee OA. Considering the burden of knee OA and ease with
which step rate can be assessed and potentially manipulated in
the clinic (e.g., smartphone applications, metronomes), it is impor-
tant to understand the potential influence that self-selected step
rate during walking has on subsequent risk of knee OA worsening.

Magnetic resonance imaging (MRI) is more appropriate than
radiography to detect the subtle features of OA (9). One must also
consider sex-specific differences in step rate (10), compartment-
specific prevalence of knee OA (11), and lower extremity biome-
chanics (12). With these considerations in mind, the current study
investigated the relation of self-selected walking step rate to the
2-year risk of worsening MRI-defined cartilage damage in the medial
and lateral PF and TF joints among women and men separately
within a cohort of individuals that have or are at risk of knee OA.

SUBJECTS AND METHODS

Study population. The Multicenter Osteoarthritis Study
(MOST) is an NIH-funded longitudinal, prospective, observational
study of 3,026 older adults, ages 50-79 years when enrolled, who
have or are at risk of knee OA. Subjects were recruited from Bir-
mingham, Alabama and lowa City, lowa. Full details of the study
population have been published previously (13). In the current
study, a sample of 1,089 individuals who had their step rate

assessed at the 60-month clinic visit (the current study’s baseline)
and had MRI-defined cartilage damage in the PF and TF joints
that was assessed at 60 and 84 months as part of the parent
MOST study were eligible.

Participant characteristics. Age and body mass index
data from the 60-month study visit were included in the current
study. A prior history of knee injury or surgery was assessed with
2 questions: “Have you injured your knee badly enough that it lim-
ited your ability to walk for at least two days” and “Have you had
any surgery in your knee?” Frequent knee pain was assessed in
each knee by asking participants, “Do you have knee pain, ach-
ing, or stiffness on most days of the month?”

Gait variables. To be eligible for the walking examina-
tion at the 60-month follow-up visit, participants had to be
able to walk independently over short indoor distances with-
out an assistive device or knee brace. Participants with recent
lower-extremity injury (<6 weeks) resulting in restricted weight
bearing for >1 week, recent hospitalization for a cardiovascular
or respiratory disorder, lower-extremity amputation proximal to
the toes, or difficulty walking because of a neurologic con-
dition were excluded. Following a practice trial, each partici-
pant completed 4 walking trials over a 4.9-meter instrumented
GAITRite (CIR Systems) walkway at a self-selected speed.
Participants wore their customary walking shoes and were
instructed to walk in their usual way, at a pace that felt com-
fortable and unhurried. To exclude the initial acceleratory and
terminal decelerating steps, participants began walking from
a point 1.5 meters in front of the walkway and stopped at a
point 1.5 meters beyond the walkway. Footfalls were counted
between the initial and terminal contacts with the pressure-
sensitive walkway. This count was divided by the elapsed time
in seconds between these 2 events to obtain the step rate
for each trial. Gait speed and step length were simultaneously
recorded for each ftrial. All measured gait parameters were
averaged over 4 trials.

MRI acquisition. Knee MRIs were acquired using a
1.0 Tesla extremity MRI unit (OrthOne, GE HealthCare) with
a phased-array knee coil to obtain the following sequences:
fat-suppressed fast spin-echo proton density-weighted seg-
uences in 2 planes, sagittal (repetition time [TR] 4,800 msec,
echo time [TE] 35 msec, 3-mm slice thickness, O-mm interslice
gap, 32 slices, 288 x 192 matrix, 140 mm? field of view [FOV],
echo train length 8) and axial (TR 4,680 msec, TE 13 msec,
3-mm slice thickness, O-mm interslice gap, 20 slices, 288 x
192 matrix, 140 mm? FOV, echo train length 8) and a STIR
sequence in the coronal plane (TR 6,650 msec, TE 15 msec,
inversion time 100 msec, 3-mm slice thickness, 0O-mm inters-
lice gap, 28 slices, 256 x 192 matrix, 140 mm?® FOV, echo train
length 8).
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Figure 1. Worsening of focal defect during 24 months of follow-up. A, Baseline coronal STIR image shows a full thickness focal defect
(Whole-Organ Magnetic Imaging Score grade 2.5) in the central, weight-bearing region of the medial femur (arrow); B, 24-month follow-up
image shows a definite increase in lesion size indicating progression medially (arrows).

Patellofemoral and tibiofemoral joint -cartilage
damage assessment. Two musculoskeletal radiologists (AG and
FR) used the Whole-Organ Magnetic Resonance Imaging Score
(WORMS) to assess cartilage morphology in the PF and TF joints
(14). Four PF and 10 TF subregions per knee were assessed. The
PF joint included the medial and lateral patella and medial and
lateral trochlea. The TF joint included the medial and lateral tibial
plateaus (central, anterior, and posterior subregions) and opposing
central and posterior subregions of the femur. Worsening of car-
tilage damage in each subregion was defined as any increase in
WORMS score (> 1) from 60 to 84 months in the specific subregion
(Figure 1). To increase sensitivity to detect change, within-grade
WORMS score changes were also considered indicative of wors-
ening cartilage damage (15). A change from grade 0 to 1 was not
considered to be worsening of cartilage damage because grade
1 does not represent a morphologic abnormality. Subregions with
a maximal score at 60 months were not eligible for analysis. Inter-
reader reliability (weighted kappa) for cartilage damage was 0.85.

Statistical analyses. Step rate was divided into 4 quar-
tiles, and logistic regression analyses were used to determine
the association of self-selected walking step rate with wors-
ening of cartilage damage in the PF and TF compartments
from 60 (baseline) to 84 months (follow-up). Quartile 4, con-
sisting of knees with the highest step rate, served as the ref-
erence group. Since there are sex-specific differences in the
compartment-specific prevalence of knee OA (11) and lower
extremity biomechanics (12), we carried out sex-specific and
compartment-specific analyses. The medial PF (2 subregions),
lateral PF (2 subregions), medial TF (5 subregions), and lat-
eral TF (5 subregions) were assessed using 4 separate models
(outcomes). Each knee contributed 4 subregions for the PF
outcomes (e.g., medial and lateral patella and trochlea) and 10
subregions for TF outcomes (medial and lateral tibia and femur).
Generalized estimating equations were used to account for

the correlation between subregions within a knee. All analyses
were adjusted for age, body mass index, and previous history
of knee injury/surgery (yes or no). In an attempt to determine
the independent relation of step rate on outcomes, we also
created 2 additional models: a main analysis with additional
adjustment for step length, and a main analysis with additional
adjustment for gait speed. We did not simultaneously adjust
for both gait speed and step length because these variables
were highly correlated (r = 0.8). Since the presence of knee
pain and greater knee OA severity could influence step rate,
we further adjusted for the presence of frequent knee pain in
either knee and radiographic disease severity at baseline in
sensitivity analyses.

RESULTS

The step rate of 678 women and 411 men was assessed at the
60-month study visit as well as MRI-assessed cartilage damage at
the 60- and 84-month visits. At the 60-month study visit, the mean
+ SD age of the 1,089 participants was 66.9 + 7.5 years, and the
mean + SD body mass index was 29.6 + 4.7 kg/m? (Table 1).

Relative to women with the highest step rate at baseline,
those with the lowest step rate had significantly greater risk of
cartilage damage worsening in the lateral PF and TF 2 years

Table 1. Participant characteristics®

Women Men

(n=1678) (n=411)
Age, years 67.2+74 66.5+77
Body mass index, kg/m? 292+49 301 £4.5
Knee injury/surgery, % 26.8 34.6
Step rate, steps/minute 110.8 £8.9 104.8+7.6
Gait speed, meters/second 116 +£0.18 1.22+0.18

Knee pain, % 27t 20

* Values are mean * SD unless indicated otherwise.
t Missing data (n = 1).
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Table 2. Relationship of step rate (steps/minute) to worsening cartilage damage in patellofemoral and tibiofemoral joint

subregions from 60-84 months in women (n = 678 knees)*

Worsening lateral cartilage

Worsening medial cartilage

damage damage
Gait speed, Frequency of Adjusted RR Frequency of  Adjusted RR
mean + SDt outcomex (95% CI)8 outcomex (95% CI)8
Patellofemoral joint
Quartile 1 (79.0-105.0) 0.99+0.14 30/304(9.9) 21(1.1-3.8) 30/326 (9.2) 1.6(0.9-2.8)
Quartile 2 (105.1-110.7) 112+012 31/313(9.9) 2.1(11-3.8) 23/323(7.1) 1.2(0.7-2.2)
Quartile 3(110.8-116.4) 1.22+013 29/322 (9.0) 1.9(1.0-3.5) 25/331(7.6) 132(0.7-2.3)
Quartile 4 (116.5-154.4) 1.33+0.15 15/317 (4.7) 1.0 (reference) 19/327 (5.8) 1.0 (reference)
P for linear trend 0.05 01
Tibiofemoral joint
Quartile 1 (79.0-105.0) 0.99+0.14 76/846 (9.0) 1.8(1.1-2.9) 66/840(7.9) 1.2(0.7-1.9)
Quartile 2 (105.1-110.7) 112+012 66/834(7.9) 1.6(1.0-2.5) 72/820 (8.8) 1.3(0.8-2.1)
Quartile 3(110.8-116.4) 1.22+013 39/844 (4.6) 0.9 (0.5-1.6) 64/837(7.7) 1.2(0.7-1.9)
Quartile 4 (116.5-154.4) 1.33+0.15 42/850 (4.9) 1.0 (reference) 53/832 (6.4) 1.0 (reference)
P for linear trend 0.02 04

* Values are step rate quartiles (range) unless indicated otherwise. RR = risk ratio; 95% Cl = 95% confidence interval.

T Gait speed units = meters/second.

f Denominators may vary due to subregions that are unreadable on magnetic resonance imaging or have maximal scores

at 60 months.

§ Adjusted for age, body mass index, and previous injury/surgery.

later (Table 2). Specifically, women with the lowest step rate
had 2.1 (95% confidence interval [95% CI] 1.1-3.8) and 1.8
(95% CI 1.1-2.9) times the risk of worsening cartilage dam-
age in the lateral PF and TF compartments, respectively. There
were no significant associations observed between step rate
and worsening of medial PF or TF cartilage damage (Table 2).
Results were similar when adjusting for gait speed (Table 3)
and step length (see Supplementary Table 1, available on the
Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23864/abstract) and when adjusting for

baseline knee pain and radiographic disease severity during
sensitivity analyses (data not presented).

In men, there were no associations between step rate at
baseline and worsening of lateral and medial PF cartilage dam-
age 2 years later (Table 4). Similarly, there were no associations
between baseline step rate and lateral TF cartilage damage wors-
ening in men. However, compared to those with the highest step
rate, men with lowest step rates had ~2 times the risk of medial TF
cartilage damage worsening (Table 4). Results were similar when
adjusting for gait speed (Table 5) and step length (see Supplemen-

Table 3. Relationship of step rate (steps/minute) to worsening cartilage damage in patellofemoral and tibiofemoral joint

subregions from 60-84 months in women (n = 678 knees), adjusted for gait speed*

Worsening lateral cartilage

Worsening medial cartilage

damage damage
Gait speed,  Frequency of Adjusted RR Frequency of Adjusted RR
mean + SDt outcomeF (95% CI)8 outcomeF (95% CI)8
Patellofemoral joint
Quartile 1 (79.0-105.0) 099 +0.14 30/304(9.9) 2.3(1.0-5.3) 30/326(9.2) 1.4(0.7-2.8)
Quartile 2 (105.1-110.7) 112+0.12 31/313(9.9) 2.2(1.1-4.6) 23/323(7.1) 1.1 (0.6-2.1)
Quartile 3(110.8-116.4) 1.22+013 29/322(9.0) 1.9(1.0-3.7) 25/331(7.6) 1.2(0.7-2.2)
Quartile 4 (116.5-154.4) 1.33+0.15 15/317 (4.7) 1.0 (reference) 19/327 (5.8) 1.0 (reference)
P for linear trend 0.2 0.4
Tibiofemoral joint
Quartile 1 (79.0-105.0) 099 +0.14 76/846 (9.0) 2.3(11-4.5) 66/840(7.9) 1.3(0.6-2.6)
Quartile 2 (105.1-110.7) 112+0.12 66/834(7.9) 1.8(1.0-3.3) 72/820 (8.8) 1.4(0.8-2.5)
Quartile 3(110.8-116.4) 1.22+013 39/844 (4.6) 1.0(0.6-1.8) 64/837 (7.7) 1.2(0.7-2.1)
Quartile 4 (116.5-154.4) 1.33+0.15 42/850 (4.9) 1.0 (reference) 53/832 (6.4) 1.0 (reference)
P for linear trend 0.04 0.3

* Values are step rate quartiles (range) unless indicated otherwise. RR = risk ratio; 95% Cl = 95% confidence interval.

t Gait speed units = meters/second.

1 Denominators may vary due to subregions that are unreadable on magnetic resonance imaging or have maximal

scores at 60 months.
§ Adjusted for age, body mass index, gait speed, and previous injury/surgery.
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Table 4. Relationship of step rate (steps/minute) to worsening cartilage damage in patellofemoral and tibiofemoral

joint subregions from 60-84 months in men (n = 411 knees)*

Worsening lateral cartilage

Worsening medial cartilage

damage damage
Gait speed, Frequency of  Adjusted RR Frequency Adjusted RR
mean + SDT outcomeF (95% CI)8 of outcomes* (95% CI)8
Patellofemoral joint
Quartile 1 (84.5-100.3) 1.07+0.13 10/192 (5.2) 09(0.4-21) 9/196 (4.6) 0.7 (0.3-1.6)
Quartile 2 (100.4-104.5) 117+0.13 20/189 (10.6) 1.8(0.8-3.8) 16/196 (8.2) 1.3(0.6-2.7)
Quartile 3 (104.6-109.9) 1.27+0.15 20/191 (10.5) 1.8(0.9-3.8) 14/192 (7.3) 1.0(0.5-2.3)
Quartile 4 (110.0-128.7) 1.37+0.17 117193 (5.7) 1.0 (reference) 13/191 (6.8) 1.0 (reference)
P for linear trend 0.7 0.08
Tibiofemoral joint
Quartile 1 (84.5-100.3) 1.07+0.13 22/518 (4.3) 09(0.4-21) 46/514(9.0) 21(11-3.9)
Quartile 2 (100.4-104.5) 117+0.13 26/497 (5.2) 11 (0.5-2.4) 55/489 (11.3) 2.4(1.3-4.5)
Quartile 3 (104.6-109.9) 1.27+0.15 18/515 (3.5) 0.8(0.3-1.8) 31/511 (6.1) 1.5(0.8-2.8)
Quartile 4 (110.0-128.7) 1.37+0.17 23/515 (4.5) 1.0 (reference) 22/506 (4.4) 1.0 (reference)
P for linear trend 0.9 0.004

* Values are step rate quartiles (range) unless indicated otherwise. RR = risk ratio; 95% Cl = 95% confidence interval.

T Gait speed units = meters/second.

+ Denominators may vary due to subregions that are unreadable on magnetic resonance imaging or have maximal

scores at 60 months.

§ Adjusted for age, body mass index, and previous injury/surgery.

tary Table 2, available on the Arthritis Care & Research web site
at http://onlinelibrary.wiley.com/doi/10.1002/acr.23864/abstract)
and when adjusting for baseline knee pain and radiographic dis-
ease severity during sensitivity analyses (data not presented).

DISCUSSION

To our knowledge, the current study is the first to report the
association of self-selected step rate with worsening of MRI-
defined compartment-specific PF and TF cartilage damage in
men and women. Lower step rate was associated with increased

risk of cartilage damage worsening 2 years after baseline in the
lateral PF and TF compartments in women and in the medial TF
compartment in men. These findings highlight a potentially modi-
fiable gait parameter linked to OA worsening in women and men
that could be considered in future research and clinical practice.
We observed an association between lower step rate dur-
ing walking and worsening of cartilage damage 2 years later. The
potential mechanism leading to cartilage damage worsening in
those who walk with a lower step rate is likely related to adverse
loading at the knee joint. However, given that there are no studies
that have investigated the influence of step rate manipulation on

Table 5. Relationship of step rate (steps/minute) to worsening cartilage damage in patellofemoral and tibiofemoral joint

subregions from 60-84 months in men (n = 411 knees), adjusted for gait speed*

Worsening lateral cartilage

Worsening medial cartilage

damage damage
Gait speed, Frequency of Adjusted RR Frequency of Adjusted RR
mean + SDt outcomex (95% Cl)8 outcomet (95% Cl)s
Patellofemoral joint
Quartile 1 (84.5-100.3) 1.07+£0.13 10/192 (5.2) 0.9(0.3-2.6) 9/196 (4.6) 0.5(0.2-1.6)
Quartile 2 (100.4-104.5) 117 +£0.13 20/189 (10.6) 1.7(0.7-4.2) 16/196 (8.2) 1.1(0.4-2.5)
Quartile 3 (104.6-109.9) 1.27 £0.15 20/191 (10.5) 1.8(0.8-4.0) 14/192 (7.3) 0.9(0.4-2.1)
Quartile 4(110.0-128.7) 1.37+017 11/193 (5.7) 1.0 (reference) 13/191 (6.8) 1.0 (reference)
P for linear trend 0.6 0.02
Tibiofemoral joint
Quartile 1 (84.5-100.3) 1.07+0.13 22/518 (4.3) 1.1(0.4-2.8) 46/514 (9.0) 2.0(09-4.4)
Quartile 2 (100.4-104.5) 117 +£0.13 26/497 (5.2) 1.2(0.5-3.1) 55/489 (11.3) 2.3(1.2-4.7)
Quartile 3 (104.6-109.9) 1.27 +0.15 18/515(3.5) 0.8(0.3-1.9) 31/511 (6.1) 1.4(0.7-2.9)
Quartile 4(110.0-128.7) 1.37+017 23/515 (4.5) 1.0 (reference) 22/506 (4.4) 1.0 (reference)
P for linear trend 0.9 0.05

* Values are step rate quartiles (range) unless indicated otherwise. RR = risk ratio; 95% Cl = 95% confidence interval.

T Gait speed units = meters/second.

t Denominators may vary due to subregions that are unreadable on magnetic resonance imaging or have maximal scores

at 60 months.
8§ Adjusted for age, body mass index, gait speed, and previous injury/surgery.
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knee-specific loads during walking, we needed to draw from the
literature on step rate manipulation during running for a plausible
explanation of the results. It has been reported that decreasing
preferred step rate by 10% results in significantly greater peak knee
flexion angles and extensor internal moments (4). It also has been
reported to result in greater peak PF force and patellar tendon force
during running when compared to preferred step rate (5). In addi-
tion, lower running step rate is associated with greater peak vastus
lateralis force and smaller peak rectus femoris, biceps femoris, and
semimembranosus forces compared to the preferred step rate (5).
Based on this, a plausible explanation for our findings could be that
lower step rate increases peak internal extensor moment, which in
turn increases quadriceps muscle force. This additional force being
produced by the quadriceps muscle increases joint stress, which
in turn may accelerate cartilage damage.

To maintain a given gait speed, a decrease in step rate neces-
sitates a proportional increase in step length. Heiderscheit et al (4)
investigated the influence of step rate on biomechanics for running
at a constant speed. The authors reported that a 10% decrease
in preferred step rate (necessitating a proportional increase in step
length) increased knee flexion angle and internal extensor moment.
Conversely, increasing step rate (i.e., reducing step length) reduced
knee flexion angle and internal extensor moment. Changes in
joint mechanics can increase joint reaction forces and/or reduce
PF contact area and subsequently can elevate joint stress, which
could adversely affect the cartilage (16). Bonacci et al (7) reported
that increasing step rate during running reduced peak knee flexion
angle and extensor moment and reduced peak PF reaction force
and stress in individuals with PF pain. However, it is not known
whether step rate manipulation produces similar alterations during
walking. Therefore, a biomechanical investigation is warranted. This
will provide insight into the potential mechanism leading to cartilage
damage worsening in those who walk with a lower step rate. It wil
also provide insight as to whether increasing step rate during walk-
ing has the potential for favorable impact on disease progression.

Previous studies confirm that, on average, women walk slower
with a higher step rate and shorter step length (81.6 meters/minute
= 116.9 steps/minute x 0.70 meters) compared to men, who walk
faster with a longer step length and lower step rate (87.2 meters/
minute = 111.4 steps/minute x 0.78 meters) (10). This is consistent
with our own observations in women (69.6 meters/minute = 111
steps/minute x 0.62 meters) and men (73.2 meters/minute = 105
steps/minute x 0.69 meters). We observed that lower step rate
was associated with worsening of lateral PF and TF cartilage dam-
age in women and medial TF cartilage damage in men. The sex-
specific differences in gait patterns (e.g., women walk with greater
knee abduction [12]) may contribute a sex-specific difference in the
prevalence and worsening of knee OA. Knee alignment may be
an intermediate variable on the causal pathway. Varus and valgus
malalignment is associated with the progression of medial and
lateral TF OA, respectively (17). It is plausible that the lower step
rate in women creates greater peak loading on the lateral com-

partment due to a greater valgus alignment. However, research is
necessary to elucidate the influence of preferred step rate on gait
patterns in women and men as well as the effects of changing step
rate on gait patterns in women and men.

In specialized laboratory and clinical settings, step rate can
be increased without increasing gait speed. However, in external
environments, increasing step rate may increase walking speed
(10), and fast walking has been shown to be associated with
increased knee joint moments (18,19). However, recent work
by Ardestani et al (20) shows that increasing walking speed by
increasing step rate but not stride length does not significantly
increase knee joint moments. Exercise programs have been
reported to increase step rate in healthy older women (21) and
in patients while walking after total hip replacement (22). Thus,
similar exercise interventions and wearable technology may be
employed to increase step rate during walking in individuals with
knee OA (23). However, controlled laboratory-based studies are
first required to determine the influence of manipulating step rate
on factors such as gait speed and joint biomechanics.

We encourage readers to consider the following limitations
when interpreting the results of the current study. First, we inves-
tigated the influence of step rate on worsening of cartilage dam-
age. Step rate, step length, and gait speed are interdependent
(gait speed = step rate x step length). However, adjusting for gait
speed and step length did not substantially alter these results.
This suggests that step rate may have a direct impact on knee
loading that is not entirely accounted for by changes in other
related gait parameters. Second, step rate was measured at a
preferred gait speed, and we observed an unexpectedly weak
correlation between step rate and step length (r = 0.10). Since
step rate and step length data were averaged over 4 trials, this
may have influenced the results. Further, step rate is a participant-
level measure, while step length can differ between legs, and this
may also explain the weak correlation observed between these
2 interdependent variables. Last, step rate varies during different
tasks during activities of daily living (24), and in the current study,
gait assessment was conducted in a laboratory setting, which
may have influenced the results. A better understanding of gait
parameters during free-living may improve our understanding of
disease progression and aid in the development of gait adaptation
strategies.

Our findings indicate that a lower self-selected step rate dur-
ing walking may elevate the risk of cartilage damage worsening
in the lateral PF and TF compartments in women and medial TF
compartment in men at a 2-year follow-up visit. Further research
is required to understand the influence of step rate manipulation
on biomechanics during walking in women and men.
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Association of Pain and Steps Per Day in Persons With
Mild-to-Moderate, Symptomatic Knee Osteoarthritis:

A Mixed-Effects Models Analysis of Multiple Measurements
Over Three Years

Nicholas M. Brisson,' Anthony A. Gatti,> and Monica R. Maly’

Objective. Pain is a consistently reported barrier to physical activity by persons with knee osteoarthritis (OA).
Nonetheless, few studies of knee OA have investigated the association of pain with daily walking levels. The current
study assessed the relationship of 2 distinct measures of knee pain with objectively measured physical activity in
adults with knee OA.

Methods. This was a longitudinal, observational investigation of 59 individuals (48 women; mean + SD age 61.1 +
6.4 years, mean + SD body mass index 28.1 + 5.6 kg/m? with clinical knee OA. Data were collected every 3 months
for up to 3 years. Physical activity was characterized as the average steps per day taken over at least 3 days, mea-
sured by accelerometry. Pain was measured using 2 patient-administered questionnaires: the pain subscale of the
Knee Injury and Osteoarthritis Outcome Score (KOOS-pain) and the P4 pain scale (P4-pain). Mixed-effects models
determined the association between pain and physical activity levels (over covariates) among adults with knee OA
(a =0.05).

Results. All covariates (age [B = -3.65, P < 0.001], body mass index [ = -3.06, P < 0.001], season [spring/fall
B =-6.91, P = 0.002; winter B =-14.92, P < 0.001]) were predictors of physical activity. Neither the inverted KOOS-
pain (B = 0.04, P = 0.717) nor P4-pain (B = -0.37, P = 0.264) was associated with physical activity.

Conclusion. Knee pain is not associated with daily walking levels in persons with mild-to-moderate, symptomatic
knee OA. While pain management remains an important target of interventions, strategies to increase steps per day

in this population should focus on overcoming potentially more crucial barriers to activity participation.

INTRODUCTION

Knee osteoarthritis (OA) is the leading cause of pain,
restricted mobility, and disability in older adults (1). Physi-
cal activity is recommended for the management of knee
OA because it can effectively improve symptoms, includ-
ing joint pain, as well as physical function and quality of life
(2,3). Despite the benefits of physical activity, persons with
knee OA engage in less physical activity compared to their
healthy counterparts (4-6) and fail to achieve recommended
public health guidelines (7,8). Physical activity participation
in this clinical population is influenced by numerous factors
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(e.g., personal, social, bodily, situational, and environmental)
(9,10). Of particular interest is disease-related pain, which is
one of the most consistently cited barriers to physical activity
in knee OA (9,10).

The question of whether pain is associated with physi-
cal activity in knee OA has been the focus of ample work,
including systematic reviews (11,12). Nonetheless, the link
between pain and physical activity remains ambiguous (11—
13). Inconsistencies in study findings are likely attributable
to the heterogeneity in the methods used to measure phys-
ical activity. To reduce self-report biases, the use of objective
measures such as accelerometry is recommended (14,15).
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SIGNIFICANCE & INNOVATIONS

+ Pain is a consistently reported barrier to phys-

ical activity in knee osteoarthritis (OA); yet, the

link between pain and physical activity remains

ambiguous.

This longitudinal, repeated-measures study exam-

ined the relationship between pain measurements

and steps per day (measured with accelerometry).

+ Mixed-effects models, which allow analysis of mul-
tiple correlated measurements per participant over
time, were applied.

+ Knee pain was not associated with daily walking lev-
els in mild-to-moderate, symptomatic knee OA.

Objectively-measured physical activity has been characterized
in various ways, including activity frequency (e.g., steps/day)
(5,6,13,16-18) and intensity (e.g., light, moderate, vigorous)
(7,8,19). Few knee OA studies have formally investigated the
association of pain with physical activity, measured objectively
as steps per day (13,17,18). Cross-sectionally, pain intensity
during activities of daily living was not correlated with steps
per day in 160 sedentary overweight/obese adults (17). Only
1 known longitudinal study has directly assessed the relation-
ship between pain and steps per day (13). No association
was found between consistent frequent knee pain at baseline
and worsening knee pain over 2 years and change in physical
activity over 2 years in 1,318 older community-dwelling adults
at risk of or with radiographic evidence of knee OA (13).

In order to gain a better understanding of the relationship
between pain and physical activity in knee OA, it is essential to
account concurrently for the intraindividual and interindividual
relationships between pain and physical activity, which can only
be accomplished using repeated measures. Furthermore, few
longitudinal studies have explored the associations between
pain and physical activity. In order to properly analyze multiple
correlated measurements per participant over time and deal with
missing values, it is imperative that appropriate analyses, such
as mixed-effects models, be applied (20). Ascertaining whether
pain that is experienced by persons with knee OA is actually
associated with reduced walking levels has important implica-
tions for disease management.

The primary purpose of this study was to determine the
relationship of 2 distinct measures of knee pain with objec-
tively measured physical activity (i.e., steps/day) in adults with
clinical knee OA using data acquired every 3 months for up
to 3 years. One instrument captured knee pain levels during
specific activities over the week prior to physical activity mea-
surements; the other captured diurnal and general activity-
related knee pain levels during days that physical activity was
recorded. It was hypothesized that by assessing repeated
measurements, pain measured using either instrument would
be inversely associated with physical activity. A secondary

objective was to explore the relationship between the 2 knee
pain measures to ascertain whether these demonstrated
convergent construct validity.

PATIENTS AND METHODS

Participants. A convenience sample of consecutive individ-
uals satisfying the eligibility criteria was recruited locally from rheu-
matology and orthopedic surgery offices. Eligibility criteria included
being 40-70 years old and diagnosed with clinical knee OA accord-
ing to the American College of Rheumatology specifications (21).
During recruitment, potential participants were excluded for the fol-
lowing reasons: if they required the use of an adaptive walking aid;
if they reported other types of arthritis, a history of lower extremity
injury and/or surgery, or ipsilateral hip or ankle conditions; if they
had experienced lower extremity trauma or used intraarticular ther-
apies within the previous 3 months; or if they were unable to ascend
and descend a 9-step staircase twice consecutively. In cases
where participants had bilateral knee OA, the most symptomatic
knee was appointed as the study leg. In total, 64 participants met
the inclusion/exclusion criteria and were enrolled. All participants
provided written, informed consent prior to participating.

Descriptive characteristics of the participants were recorded,
including sex, age, height, body mass, and body mass index.
Additional data were collected at baseline to characterize clin-
ical and structural disease severities. We used the Knee Injury
and Osteoarthritis Outcome Score (KOOS) to assess patients’
perceptions of their knee OA (22). The Six-Minute Walk Test,
a submaximal task that evaluates walking capacity over long
distances, was used to describe functional capacity (23,24). In
order to characterize radiographic OA severity at baseline, Kell-
gren/Lawrence scores (25,26) were derived by an experienced
radiologist from digital anteroposterior, weight-bearing, knee
radiographs acquired in a standardized fixed-flexion position
27).

This longitudinal, observational study was approved by the
Hamilton Integrated Research Ethics Board at McMaster Univer-
sity, Canada. Data were collected from this prospective cohort at
3-month intervals over a maximum of 3 years.

Physical activity. Physical activity was measured
using a GT3X+ accelerometer (ActiGraph). Participants were
instructed to wear the accelerometer, which was fixed to an
adjustable belt, around their waist and aligned with the antero-
lateral aspect of the study leg. Participants were asked to wear
the accelerometer for 7 consecutive days during waking hours,
except during water activities. Vertical accelerations from body
movements were sampled at 30 Hz and accumulated over
60-second epochs to yield step counts (i.e., number of steps
taken). Accelerometer wear time and number of steps per day
were calculated using Actilife software, version 6 (ActiGraph).
Only days during which the accelerometer was worn for at
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least 10 hours were considered valid and retained for further
analysis (28). Physical activity was characterized as the aver-
age number of total steps per day (from both legs) taken over
at least 3 days (and up to 7 days) with complete data (29,30).
Accelerometer data captured over 3 days yielded reliable esti-
mates of daily physical activity in older adults (intraclass corre-
lation coefficient [ICC] 0.80) (29).

Pain measures. Pain was measured using 2 patient-
administered questionnaires: the pain subscale of the KOOS
(KOOS-pain) (22) and the P4 pain scale (P4-pain) (31,32). The
KOOS-pain is a disease-specific instrument recommended
for the evaluation of pain in knee OA (33,34). The KOOS-pain
contains 9, 5-level items about knee pain intensity (n = 8) and
frequency (n = 1) during daily activities over the previous week.
Each item is rated and converted into scores from O (no prob-
lem) to 4 (extreme problem). The KOOS-pain was reported
as the inverted normalized mean score (of 100), with higher
scores indicating more pain (22). Inverted KOOS-pain scores
were used to facilitate the interpretation of results by aligning
the direction of scores from the KOOS-pain and P4-pain. The
KOOS-pain was administered the day before the patient wore
the accelerometer, thus reflecting pain levels during the week
prior to the physical activity measurements. Data from the
KOOS-pain demonstrated the following measurement prop-
erties in persons with knee OA: internal consistency (pooled
Cronbach’s a = 0.84), test-retest reliability (pooled ICC 0.90),
and absolute measurement error (standard error of measure-
ment = 9.5) (35).

The P4-pain is a generic pain measure developed for mus-
culoskeletal conditions. The P4-pain includes 4 items about
knee pain intensity in the morning, afternoon, evening, and with
activity over the previous 2 days. Each item is scored from O (no
pain) to 10 (pain as bad as it can be) on an 11-point numerical
pain rating scale, and the scores of all the items are tallied (of
40), with higher scores indicating more pain (31,32). The P4-
pain was recorded on 4 occasions (every 2 days over 8 days)
and analyzed as the average of 4 measurements taken con-
currently during days that physical activity was recorded. Data
from the P4-pain showed the following measurement proper-
ties in patients with knee OA: internal consistency (Cronbach’s
a=0.91), test-retest reliability (ICC 0.72), and absolute measure-
ment error (standard error of measurement = 4.5) (36).

Statistical analysis. Mixed-effects models were
employed because they allow analysis of repeated measure-
ments on the same participants without violating assumptions
of independence necessary for linear regression. To answer
the primary research question, 3 models were created and
compared. Each model included physical activity (i.e., steps/
day) as the dependent variable. The first model included only
theoretical covariates as predictors of physical activity: age,

body mass index (BMI), and meteorologic season. Older age
(4,6), higher BMI (4,6), and winter season (37,38) are asso-
ciated with reduced physical activity levels. Meteorologic
seasons were defined as follows: summer (June to August),
spring/fall (March to May/September to November), and win-
ter (December to February). Spring and fall were combined
because meteorologic conditions during these months are
comparable in Canada. The predictor season was dummy-
coded using summer as the reference season, thus comparing
how physical activity during spring/fall and winter was different
from summer. The second and third models were generated
by adding the KOOS-pain and the P4-pain, respectively, to the
covariate model. Each model was fit using maximum likelihood
estimation. The overall predictive ability of the KOOS-pain
and P4-pain models was compared to the covariate model
using the likelihood ratio test. All tests used a statistical signif-
icance threshold set to an alpha level of 0.05. Assumptions,
including normality of residuals and homogeneity of variance,
were assessed. To satisfy assumptions, all models used log-
transformed physical activity as the dependent variable as
well as a random intercept grouped by participant. Random
intercept and random slope models were assessed; only the
random intercept model significantly improved model fit (likeli-
hood ratio test P < 0.001) and model assumptions (normality of
residuals). All analyses were performed in Stata, version 13.1.
To facilitate interpretation of the log-transformed data, the pre-
sented [ coefficients were transformed ([exp(3) — 1] x 100)
and represent the percentage change in the dependent varia-
ble for a 1-unit change in the predictor.

To answer the secondary research question, a mixed-
effects model was employed. The model included KOOS-pain

Table 1. Descriptive statistics of 59 participants at baseline (48
women)*

Variable Mean + SD Range

Age, years 61.1+6.4 41-69
Height, meters 1.63+£0.09 1.46-1.94
Body mass, kg 75.0+16.1 49.4-117.0
Body mass index, kg/m’ 28156 19.7-41.8
Other symptomst 24.5+15.8 0-75
Function in daily livingt 181 +£15.4 0-59
Function in sports and 31.0+£229 0-85

recreation, n =57t
Knee-related quality of life, 354 +£187 0-87

n =58t
Six-Minute Walk Test, meters 5284 +£99.3 246-771
KOOS-paint 24.6 £17. 0-62
P4-paint 6.4+6.6 0-25
Physical activity, steps/day. 7,158 + 3,071 1,274-20,895

* KOOS-pain = Knee Injury and Osteoarthritis Outcome Score pain
subscale; P4-pain = P4 pain scale.

T Measured with subscales of the KOOS (22). Inverted KOOS scores
were used. Scores range 0-100, where higher scores reflect worse
symptoms and function.

¥ Measured with the P4 pain scale (31). Scores range 0-40, where
higher scores reflect more pain.
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as the dependent variable and P4-pain as the independent
variable. It also utilized a random intercept grouped by partic-
ipant to achieve assumptions of normality and homoscedas-
ticity. To provide an indicator of convergent construct validity,
the coefficient of determination (R for the fixed portions of the
fitted model was calculated (R* = 1 — [sum of squares, .. /
sum of squares,y,l)-

RESULTS

Data from 59 participants (of 64 participants who enrolled)
were included in the current analysis. Only participants with
valid/complete data for all 3 measures of interest (i.e., KOOS-
pain, P4-pain, physical activity) for at least 2 time points (i.e.,
repeated-measures) were retained. Data from 5 of the 64

participants who enrolled were excluded entirely from the analy-
sis due to missing data (see Supplementary Figure 1, available
on the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr.23842/abstract). The final sam-
ple used for analysis comprised 11 men and 48 women, with
the following baseline Kellgren/Lawrence scores: grade | = 2;
II=23; Il = 20; IV = 14. Additional baseline descriptive statis-
tics are given in Table 1. All models included 513 observations
from 59 participants collected over a maximum of 3 years. The
number of observations per participant ranged from 2 to 13, with
amean + SD 8.7 + 3.5 observations. In order to demonstrate the
intraparticipant and interparticipant variability in outcome meas-
ures over the course of the study, average measurements (with
95% confidence intervals for the measurements) for physical
activity, KOOS-pain, and P4-pain are plotted for each participant

Table 2. Associations of covariates (age, BMI, season) and potential predictors (KOOS-pain,
P4-pain) with the dependent variable (physical activity measured as steps per day)*

Model Predictor B coefficient Variance P
Covariates
Log likelihood =-18.88;
Wald x*(4) = 95.47;
P <0.001
Age, years -3.65 <0.0011
BMI -3.06 <0.0011
Spring/fall -6.91 0.002t
Winter -14.92 <0.001f
Random intercept 0.154
Residual 0.043
KOOS-pain
Log likelihood =-18.81;
Wald x*(5) = 95.57;
P <0.001
Age, years -3.68 <0.001t
BMI -3.10 <0.001t
Spring/fall -6.89 0.003t
Winter -14.88 <0.001t
KOOS-pain (22)% 0.04 0.717
Random intercept 0.155
Residual 0.043
P4-pain
Log likelihood = -18.25;
Wald x*(5) = 96.89;
P <0.001
Age, years -3.54 <0.001f
BMI -2.90 <0.001t
Spring/fall -6.93 0.002t
Winter -15.16 <0.001t
P4-pain (31)8 -0.37 0.264
Random intercept 0.151
Residual 0.043

* All models used log-transformed physical activity as the dependent variable and a random intercept
grouped by participant. To facilitate interpretation, 3 coefficients were transformed ([exp() — 1] x 100)
and represent the percentage change in the dependent variable for a 1-unit change in the predictor.
All models included 59 groups (participants) and 513 observations. Summer was used as the refer-
ence season. Seasons were defined as summer (June-August), spring/fall (March-May/September-
November), and winter (December-February). BMI = body mass index; KOOS-pain = Knee Injury and
Osteoarthritis Outcome Score pain subscale; P4-pain = P4 pain scale.

t Significant (P < 0.05).

t Inverted KOOS-pain scores were used. Scores range 0-100, where higher scores reflect more pain.
§ Scores range 0-40, where higher scores reflect more pain.
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(see Supplementary Figures 2, 3, and 4 at http://onlinelibrary.
wiley.com/doi/10.1002/acr.23842/abstract).

Association between pain and physical activity. The
covariate model revealed that age (B = -3.65, P < 0.001) (see
Supplementary Figure 5, available on the Arthritis Care & Research
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23842/
abstract) and BMI (3 = -3.06, P < 0.001) (see Supplementary
Figure 6 at http://onlinelibrary.wiley.com/doi/10.1002/acr.23842/
abstract) were inversely related to physical activity (Table 2).
The seasons of spring/fall (3 = -6.91, P = 0.002) and winter
(B=-14.92, P < 0.001) were associated with lower levels of phys-
ical activity compared to summer, with winter having the least
activity (see Supplementary Figure 7, at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23842/abstract). The second model, which
included the inverted KOOS-pain (3 = 0.04, P = 0.717) (Figure 1),
did not differ significantly from the covariate model (likelihood ratio
test x*[1] = 0.13, P = 0.718). The third model, which included P4-
pain (3 =-0.37, P = 0.264) (Figure 2), did not differ significantly from
the covariate model (ikelihood ratio test x°[1] = 1.24, P = 0.266).

Association between KOOS-pain and P4-pain. While
visualizing scatterplots and residual-versus-fitted plots for a linear
fit between KOOS-pain and P4-pain, it was determined that the
relationship was nonlinear; thus, a squared term (P4-pain®) was
included. The model investigating the relationship between the 2
pain measures revealed that P4-pain (3 = 2.370, P < 0.001) and
P4-pain® (B = -0.042, P < 0.001) were significant predictors of
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Figure 1. Fitted physical activity (back-transformed) as a function
of the Knee Injury and Osteoarthritis Outcome Score (KOOS-
pain) and the coinciding 95% confidence interval band. Individual
measurements are plotted in gray (n = 513). Physical activity was
characterized as the average number of total steps per day (from
both legs) taken over at least 3 days (and up to 7 days), measured
by an accelerometer. The inverted KOOS-pain scores were reported
of 100, with higher scores indicating more pain. KOOS-pain scores
reflected knee pain levels during daily activities over the week prior
to the physical activity measurements (22).
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Figure 2. Fitted physical activity (back-transformed) as a function
of the P4 pain scale (P4-pain) and the coinciding 95% confidence
interval band. Individual measurements are plotted in gray
(n =513). Physical activity was characterized as the average number
of total steps per day (from both legs) taken over at least 3 days (and
up to 7 days), measured by an accelerometer. P4-pain scores were
reported of 40, with higher scores indicating more pain (31). P4-pain
scores reflected a 4-measurement average of diurnal and activity-
related knee pain levels over 8 days, measured concurrently with
physical activity measurements.

the inverted KOOS-pain (Table 3) (Figure 3). The fixed effects of
the fitted model yielded an R? of 0.579, demonstrating that these
measures possessed high convergent validity.

DISCUSSION

In the current study, disease-related knee pain was not
associated with steps per day in persons with mild-to-moderate,
symptomatic knee OA. This study sought to improve our under-
standing of the complex relationship between pain severity and
physical activity habits in knee OA. The novel contribution and
primary strength of this study were the use of multiple measure-
ments to account for potential intraindividual and interindividual
relationships, which allowed us to ascertain whether within- and
between-participant fluctuations in pain are related to physical
activity levels. Results suggest that daily walking levels observed
in persons with knee OA are not explained by knee pain severity,
emphasizing the notion that pain is not a primary barrier to phys-
ical activity participation in this population. Therefore, while pain
management remains an important target of clinical interventions,
pain alleviation is not likely to increase physical activity levels.
Strategies aiming to increase steps per day in knee OA should
focus on overcoming potentially more crucial barriers to activity
participation, such as lack of knowledge and motivation as well as
overall sedentary lifestyle.

Some prior evidence supports the absence of a relationship
between knee pain and steps per day in persons with knee OA
(13,17). Along with the current investigation, these studies utilized
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Table 3. Relationship between P4-pain and KOOS-pain measures*

Model Predictor B coefficient Variance SE P
P4-pain and KOOS-pain

Log likelihood = -1,799.44;

Wald x*(2)=237.11; P < 0.001
Intercept 11.928 1.429 <0.001f
P4-pain 2.370 0.011 <0.001t
P4-pain’ -0.042 0.011 <0.0011
Random intercept 65.191 14.846
Residual 49.290 3.320

* A squared term (P4-pain®) was included to model the nonlinear relationship visualized between measures. The model
included 59 groups (participants), 513 observations, and a random intercept grouped by participant. Values are P4-pain
(31) and the inverted score from the pain subscale of the KOOS-pain (Knee Injury and Osteoarthritis Outcome Score pain
subscale) (22). For both the P4-pain and KOOS-pain, higher scores reflect more pain. P4-pain = P4 pain scale.

t Significant (P < 0.05).

objectively measured steps per day as a measure of physical
activity, and they measured pain using standardized, validated
instruments. In contrast, only 1 known study (cross-sectional)
reported an association between daily walking levels and pain
(18). It should be noted that this association was only found for
specific activities and subgroups, and pain was analyzed using
single-item scores rather than the recommended subscale total
scores (18). Caution should be taken in interpreting these findings
because testing individual items in multiple subgroups inflates the
Type | error rate. While it is conceivable that daily walking levels
may be associated with activity-specific pain intensity depending
on disease severity, such speculations remain to be examined
longitudinally using standardized, validated instruments.
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Figure 3. Fitted Knee Injury and Osteoarthritis Outcome Score
(KOOS-pain) as a function of the P4 pain scale (P4-pain) and the
coinciding 95% confidence interval band. Individual measurements
are plotted in gray (n = 513). The inverted KOOS-pain scores were
reported of 100, with higher scores indicating more pain. KOOS-pain
scores reflected knee pain levels during daily activities over the week
prior to the physical activity measurements (22). P4-pain scores
were reported of 40, with higher scores indicating more pain (31).
P4-pain scores reflected a 4-measurement average of diurnal and
activity-related knee pain levels over 8 days, measured concurrently
with physical activity measurements. Color figure can be viewed in
the online issue, which is available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23842/abstract.

The current study expands on previous investigations by
evaluating pain using 2 distinct, validated and reliable instruments:
the 9-item KOOS-pain, which reflected knee pain levels during
specific activities over the week prior to physical activity measure-
ments; and the P4-pain scale, which reflected diurnal and general
activity-related knee pain levels during days that physical activity
was recorded. Considered collectively, findings from the present
and past studies provide robust evidence that knee pain severity
is not related to steps per day in knee OA. Specifically, findings
persisted regardless of the instruments used to assess pain, the
interval over which pain was recorded relative to physical activity,
and whether pain was captured during activities of daily living, at
different times of day, or with general activity. It should be noted,
however, that results from the current study were observed in a
sample of individuals who exhibited relatively mild disease-related
symptoms; mean + SD pain scores at baseline were 24.6 + 17.1
(of 100) for the inverted KOOS-pain and 6.4 + 6.6 (of 40) for P4-
pain. Pain scores were not discretely reported in the other longi-
tudinal work (13), while the sample from the cross-sectional study
also displayed relatively low pain levels (mean = SD 5.8 + 2.8 [of
20] for the Western Ontario and McMaster Universities Osteoar-
thritis Index pain subscale WOMAC-pain]) (17). It may be that pain
intensity in these investigations was not high enough to have an
impact on daily walking levels. Conversely, it may be that these
individuals were not active enough for their physical activity habits
to be altered significantly due to knee pain.

Despite the many benefits of regular physical activity to the
management of knee OA, many persons with this condition fail to
achieve recommended levels (7,8). This fact reinforces the notion
that physical activity should be at the core of treatment strate-
gies for knee OA. It is critical to identify factors that can hinder
daily walking behaviors in at-risk populations. Findings from this
study help to advance this goal by confirming that knee pain levels
(a factor popularly believed to be a primary cause of reduced
physical activity in knee OA) are not associated with intraindivid-
ual or interindividual fluctuations in walking levels. Accordingly,
strategies aiming to increase physical activity in this patient group
must overcome other potential key barriers (9,39,40), possibly by
tailoring interventions to individual patient preferences and needs
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and by providing access to proven supplemental resources (e.g.,
patient advice/education, arthritis self-management programs,
incentives) (41-43).

A secondary objective of this work was to explore the
relationship between the KOOS-pain and the P4-pain mea-
surements in this sample. Results from the mixed effects model
demonstrated a slight curvilinear relationship between the 2
measures (R? = 0.579), indicating stronger agreement than that
reported between the P4-pain and WOMAC-pain (r = 0.67,
R? = 0.449) (44). Imperfect agreement between the P4-pain and
KOOS-pain measures (i.e., R? < 1.0) is to be expected for several
reasons. First, each instrument assessed pain over a different
timeframe (i.e., the week preceding and the week corresponding
to physical activity measurements). Second, the P4-pain asked
about pain at different times of day (i.e., morning, afternoon,
evening) and with activity, while the KOOS-pain asked about
pain with specific activities of daily living. A strong but imperfect
agreement suggests that these measures effectively assess the
construct of pain but also that multiple measures should be used
when conducting analyses aiming to capture all relevant themes
of pain.

Limitations of this study should be acknowledged. The
study design precluded the establishment of directionality
between change in pain and physical activity. That is, pain may
have already altered activity participation, and vice versa, prior
to the study. Only pain in the study leg was evaluated; pain
in the contralateral leg of participants with bilateral knee OA
was not controlled for in the analyses. No insight was gained
into the relationship between knee pain and other measures
of activity (e.g., intensity, type). In addition, 2 distinct pain
measures were used in this study; nonetheless, neither one
discriminated between types of pain (i.e., constant, inter-
mittent), and only 1 item about pain frequency (KOOS-pain)
was included. Future work should examine the relationship
between physical activity and different pain domains. Fur-
thermore, while the mixed-effects models adjusted for impor-
tant covariates, including age, BMI, and season, they did not
control for additional variables that could have potentially
influenced physical activity levels, such as self-efficacy (45),
depressive symptoms (13), fatigue (46), pain-related activity
interference (47), and education status (48). Finally, although
the sample in the current study was selected based on clinical
knee OA criteria, participants exhibited relatively high function
and low levels of pain and other symptoms. Thus, results can
only be generalized to persons with matching characteristics.

In conclusion, knee pain severity is not associated with
physical activity levels, measured objectively as steps per day,
in persons with mild-to-moderate, symptomatic knee OA. Walk-
ing levels in individuals with knee OA are likely influenced more
strongly by factors other than disease-related pain. Interventions
aiming to augment daily walking levels in this clinical popula-
tion should focus on overcoming key barriers to physical activity

participation and adherence while conjointly attending to pain
and symptom management.
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Objectively Assessed Foot and Ankle Characteristics
in Patients With Systemic Lupus Erythematosus: A
Comparison With Age- and Sex-Matched Controls

Sarah Stewart," Nicola Dalbeth,” Ash Aiyer," and Keith Rome'

Objective. To objectively identify foot and ankle characteristics in patients with systemic lupus erythematosus
(SLE) compared to age- and sex-matched controls.

Methods. A total of 54 patients with SLE and 56 control participants attended a study visit designed to compre-
hensively assess the foot and ankle. Objectively assessed foot characteristics included muscle strength, joint motion,
foot posture, foot problems, protective sensation, vibration perception threshold (VPT), ankle brachial index (ABI),
plantar pressure, and spatiotemporal gait characteristics. Self-reported measure of foot pain and impairment were
also assessed using a 100-mm foot pain visual analog scale. Data were analyzed using regression models. Plantar
pressure and gait models were adjusted for walking velocity, body mass index, and foot pain.

Results. Compared to controls, participants with SLE had lower muscle force for plantarflexion, dorsiflexion, in-
version, and eversion (all P < 0.001), higher foot posture indices (P = 0.007), higher foot problem scores (P = 0.001),
higher VPT (P = 0.001), and more frequent abnormal ABI (odds ratio [OR] 3.13, P = 0.044). Participants with SLE also
had lower peak pressure and higher pressure time integrals for all foot regions (all P < 0.001), lower step and stride
length, velocity, and cadence, and higher step, swing, stance, and single and double support times compared to
controls (all P < 0.001). Compared to controls, participants with SLE also reported greater foot pain (P < 0.001).

Conclusion. Patients with SLE experience a wide range of foot symptoms. This study has provided objective
evidence of foot and ankle disease in patients with SLE, including reduced muscle strength and altered gait patterns
when compared to controls. This highlights the importance of foot health assessments as part of SLE management.

INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune rheu-
matic disease characterized by multiorgan involvement (1). The
clinical presentation of SLE is diverse, with manifestations in the
cutaneous, musculoskeletal, cardiovascular, and neurologic sys-
tems (1). Patients with SLE report a decreased health-related
quality of life with associated chronic fatigue, activity limitation,
and reduced functional capacity (2,3).

The feet have been identified as an underappreciated area
of involvement in patients with SLE (4). A greater prevalence of
sonographically evident inflammatory joint abnormalities has been
reported in the feet compared to the hands and wrists (5). The
degree of foot symptoms reported by patients with SLE has been
highlighted in survey studies (6,7) and includes joint pain and
swelling, impaired circulation, compromised skin and nail health,
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and foot deformity. Patients with SLE also report foot- and leg-
related functional impairment and activity limitation (6-8). More
than one-third of patients with SLE report either difficulty or a com-
plete inability to walk (7). However, objectively assessed measures
of foot function, including muscle strength and gait character-
istics, have not been previously evaluated in patients with SLE.
Objective podiatric assessments can be undertaken efficiently
and quickly in clinical practice to determine the foot health status
of patients. Such assessments are central in identifying the needs
of the patient and informing treatment strategies to prevent and
manage foot problems.

Further research that assesses objective foot and ankle char-
acteristics is warranted to quantify the extent and nature of foot
problems experienced by patients with SLE. This study aimed to
identify foot and ankle characteristics in patients with SLE com-
pared to age- and sex-matched control participants.
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SIGNIFICANCE & INNOVATIONS

* This was the first study to comprehensively assess
objective foot and ankle characteristics in patients
with systemic lupus erythematosus (SLE).

+ Patients with SLE exhibit structural and functional
evidence of foot disease, including reduced muscle
strength, when compared to controls.

+ Patients with SLE demonstrated altered gait pat-
terns, including reduced gait velocity, even after
adjusting for foot pain.

PATIENTS AND METHODS

Participants. A cross-sectional observational study was
undertaken. All participants were recruited from Auckland, New
Zealand. Participants with SLE were recruited from secondary
care rheumatology clinics in Counties Manukau and Waitemata
District Health Boards in Auckland and had a physician diagno-
sis of SLE according to the 2012 Systemic Lupus International
Collaborating Clinics criteria (9). Participants with SLE were
excluded if they had cutaneous lupus without systemic involve-
ment. Age- (within 5 years) and sex-matched control participants
were recruited from Auckland University of Technology (AUT) staff
through poster and newsletter advertising. Participants in both
groups were excluded if they were younger than 20 years of age
(legal minors), required an interpreter, had recent foot surgery or
trauma, or had neuromuscular or other arthritic inflammatory con-
ditions. All participants provided written informed consent prior to
data collection. Ethical approval was obtained from AUT Ethics
Committee (AUTEC 16/2009).

Demographic and clinical assessment. Participants
attended a single clinical visit at AUT, New Zealand. Demographic
data were obtained, and a swollen and tender joint count (66
and 68 joints assessed) (10) was completed on all participants.
Disease characteristics were recorded for participants with SLE,
including disease duration, disease activity using the Systemic
Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K)
(11), medication, comorbidities, and, if available, recent laboratory
results within 4 months before the study visit (creatinine, erythro-
cyte sedimentation rate, and C-reactive protein level).

Assessment of musculoskeletal foot characteristics.
A single experienced podiatric researcher (SS), who was not
blinded to the participant’s group allocation, undertook all
objective assessments. Isometric muscle force for ankle plan-
tarflexion, dorsiflexion, inversion, and eversion was measured
using a CITEC hand-held dynamometer (CIT Technics) (12).
Participants were seated during testing with hips flexed and
knees extended. The examiner stabilized the lower leg and
foot in a neutral position. Three consecutive contractions of 3

to 5 seconds were recorded for each muscle group using the
make technique, in which the examiner holds the dynamometer
stationary while the participant exerts maximal external force
against it. The dynamometer was positioned proximal to the
metatarsophalangeal joints on the plantar aspect of the foot for
plantarflexion or on the dorsum of the foot for dorsiflexion; on
the medial aspect of the first metatarsal shaft for inversion; and
on the lateral aspect of the fifth metatarsal shaft for eversion.
The maximum of the 3 measurements for each foot was used
in the analysis.

Range of motion for dorsiflexion of the first metatarsophalan-
geal (MTP) joint was assessed using a hand-held goniometer
(13). Participants were positioned seated with knees extended,
and the shafts of the first metatarsal and proximal phalanx were
marked. The goniometer was aligned with the center of the joint,
and a passive dorsiflexion force was applied to the hallux up
to its end range of motion. Ankle inversion and eversion were
assessed with participants seated and knees extended (14). The
examiner located and marked the midline of the anterior lower
leg and the longitudinal midline of the second metatarsal, with
the center of the goniometer positioned at the anterior ankle.
With the ankle in a relaxed position, the examiner guided the
participant to their end range for eversion and inversion. Ankle
dorsiflexion was assessed using the weight-bearing lunge test
(15). Participants were positioned with their tested foot over a
line drawn perpendicular to a wall, with the center of their heel
and second toe positioned over the line. They were instructed
to lunge forward so their knee touched a vertical line drawn on
the wall while ensuring that their heel remained in contact with
the floor. The examiner measured the angle between the anterior
tibia and the wall. The average of 3 measurements for each foot
were used for analysis.

Foot type was assessed using the Foot Posture Index
(FPI) (16), which has demonstrated moderate intrarater reli-
ability for the assessment of foot posture in adults (17). During
assessment, participants were instructed to stand in a relaxed
weight-bearing position while the examiner made observa-
tions of the hindfoot and forefoot based on 6 criteria. Each FPI
criterion was scored on a 5-point scale (-2 to +2). The scores
for the 6 criteria are summated to give an overall score for
each foot, ranging from —12 (highly supinated) to +12 (highly
pronated).

The presence of foot problems was determined using the
Foot Problem Score (18), which covers foot pain, foot defor-
mity, and skin lesions. Foot pain was dichotomized as yes
(5 points) or no (0 points); hallux valgus was graded as mild
(1 point), moderate (2 points), or severe (3 points); lesser toe
deformities including hammer and claw toes, hyperkeratotic
lesions including corns and calluses, and other bony prom-
inences including tailor’s bunions and exostoses were each
scored 1 point (18). Points for each foot were summated to
give a total score for each participant.
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Assessment of plantar pressure and spatiotemporal
gait parameters. Dynamic plantar pressure was captured dur-
ing barefoot walking using a MatScan system (Tekscan) and a
2-step gait initiation protocol, which required the participant to
step on a platform on their second step and to continue walking
past the platform for at least 2 more steps. Research Foot, ver-
sion 6.61 (TekScan) was used to mask the plantar foot into the
heel, midfoot, first metatarsal, second metatarsal, metatarsals 3
to 5, the hallux and the lesser toes (19), and peak plantar pressure
(kPa) and pressure time integrals (kPa*s) were computed for each
region. Means were computed from 3 repeated trials for each
foot.

Spatial and temporal parameters during barefoot walking
were collected using a 4.88 x 0.61 meters electronic GAITRite
walkway system (CIR Systems). Participants were instructed to
walk at a comfortable walking speed (20). Prior to calculation
of the gait parameters, the data were reviewed on the monitor
screen to ensure that footfalls had been correctly identified. The
GAITRite software (GAITRite gold, version 3.2b) was used to com-
pute the following parameters: velocity, cadence, step and stride
length, support base, and step, swing, stance, and single and
double support times. Means were computed from the 3 repeated
walking trials for each parameter.

Assessment of neurovascular foot characteristics.
Protective sensation of the plantar foot was assessed using
a 10-gram monofilament using a 3-site testing protocol (hal-
lux, third metatarsal head, fifth metatarsal head) (21). Each
site was assessed once, and loss of sensation for each foot
was defined as an inability to detect the monofilament at >1
site (21). Vibration perception was assessed using a biothe-
siometer placed on the dorsal hallux proximal to the nail fold.
The amplitude was increased at an even rate from 0 mV, and
the participant was asked to indicate when they felt the vibra-
tory stimuli. The average of 3 measurements for each foot
was used for the analysis. A loss of vibratory perception was
defined as a threshold of >25 mV (22).

Skin temperature was assessed using a DermaTemp infra-
red thermometer (Exergen Corporation). The average tempera-
ture from the plantar first, third, and fifth metatarsal heads was
recorded. The average of 3 repetitions for each foot was used
for the analysis.

The ankle brachial index (ABI) was used to determine the
presence of peripheral arterial disease. Participants rested
for >5 minutes in a supine position before testing. Systolic
pressure of the dorsalis pedis, posterior tibial, and brachial
arteries was determined bilaterally using an 8-MHz Doppler
probe and sphygmomanometer. The higher of the 2 brachial
arteries was divided by the highest ankle pressure for each
side. The lower of the 2 values was used for analysis. An ABI
value of <1.00 was considered abnormal and indicative of
occlusive disease (23).

Assessment of patient-reported pain and disability.
Right and left foot pain during the previous week was assessed
using 100-mm visual analog scales (VAS) anchored with no pain
at the left and extreme pain at the right. Region-specific foot pain
was also assessed by having participants indicate the areas of
pain experienced on each foot by shading in areas on validated
diagrams (24). The diagrams were divided into 10 regions (first
MTP joint, hallux, great toe, lesser toes, plantar forefoot, midfoot,
medial arch, ankle, plantar heel, and posterior heel). The presence
of pain was recorded for each region as present (scored 1) or
absent (scored 0). The 10 regions were further stratified into: toes,
forefoot, midfoot, and hindfoot.

Disabling foot pain was assessed using the Manchester Foot
Pain and Disability Index (MFPDI) (25), which is a 19-item index
measuring foot-related functional limitation, pain, and physical
appearance. Statements relating to each item were answered none
of the time (scored 0), on some days (scored 1), or on most/every-
day(s) (scored 2) in the previous month. A total score of 38 was
calculated for each participant. The Lower Limb Task Questionnaire
(LLTQ) (26) was used to measure leg function. The LLTQ consists
of 2 sections, one related to activities of daily living and the other to
recreational activities. Each section includes 10 activities for which
participants are asked to rate the difficulty they have had with each
in the preceding 24 hours (where unable = 0, severe difficulty = 1,
moderate difficulty = 2, mild difficulty = 3, and no difficulty = 4).

Table 1. Demographic and clinical characteristics®

Controls SLE
(n =56) (n = 54) P
Age, years 48 + 14 52 +14 0.21
Female sex, no. (%) 52 (93) 50 (93) 0.97
Ethnicity, no. (%) 0.08
European 41(73) 31(57)
Maori 3(5) 3(6)
Pacific 0(0) 5(9)
Asian 12(21) 13(24)
Other 0(0) 2 (4)
Weight, kg 67.3+12.1 74.6 +£19.5 0.0207

Height, meters 1.64+0.07
Body mass index, kg/m?  24.87 + 4.11

1.63+0.08 0.30
2810+£7.19 0.004t

Systolic blood pressure, 115+ 14 120+ 19 011
mm Hg
Diastolic blood 74+£10 76+9 0.31
pressure, mm Hg
Smoker, no. (%) 0.0461
Never 45 (80) 33(61)
History 9(16) 13 (24)
Current 24 8(15)
Employment, no. (%) 0.006t
Employed 39 (70) 32 (59)
Not working 3(5) 14 (26)
Retired 5(9) 6 (11)
Student 9(16) 24
Tender joint count 07+18 82+95 <0.0011
Swollen joint count 03+£11 2.8+8.1 0.025t

* Values are mean + SD unless indicated otherwise. SLE = systemic
lupus erythematosus.
t Significant at P < 0.05.
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Statistical analysis. A total sample size of 112 participants
was computed for this study (56 participants with SLE and 56
age- and sex-matched controls). This sample size was calculated
based on previous studies that measured foot pain using a 100-
mm VAS in patients with another autoimmune rheumatic disease
(rheumatoid arthritis) (27). These studies assumed the mean +
SD values for foot pain as 35.3 + 22.9 mm for participants with
autoimmune disease and 20.5 + 24.9 mm in controls. The power
was set to 0.90, and the level of significance 0.05. Due to time
constraints within the project, 54 participants with SLE and 56
controls were ultimately recruited.

All raw data were described separately for each group
as number (percentage) for categorical data and mean + SD
for continuous data. Continuous outcomes were reviewed for
normality using visual inspections (histograms, Q-Q plots,
and scatterplots) and formal tests (Kolmogorov-Smirnov and
Shapiro-Wilk). Linear regression (continuous outcome mea-
sures), multinomial logistic regression (ordinal data), and binary
logistic regression (dichotomous data) were used to determine
the difference in outcome measures between the 2 groups.
Where appropriate, the models accounted for repeated mea-
sures taken from right and left feet through a mixed-modeling
approach in which a participant-specific random effect and
participant-nested random effect for foot side were included
(28). This analysis produces results identical to an analysis of
measures averaged for each foot side that would allow for a
correlation between foot sides (28). Due to the potential influ-
ence of foot pain on objective measures of structure and func-
tion, the regression models for muscle force, joint motion, FPI,
plantar pressure, and gait characteristics were adjusted for
foot pain VAS. In addition, plantar pressure was adjusted for
body mass index (BMI) and gait velocity, and spatiotemporal
parameters were adjusted for BMI (due to the linear relation-
ship between increased plantar pressure and increases in BMI
and gait velocity). All hypothesis tests (excluding covariate
testing) were carried out at a 5% level of significance against
2-sided alternatives. No adjustment for multiplicity was used,
but all test statistics, their null distributions, and their observed
significance levels were reported. Data were analyzed using
SPSS Statistics, version 24.

RESULTS

Participants. Invitation letters were sent to 448 patients
with SLE. Of these, 65 registered interest in the study. Eleven
did not fulfill the inclusion criteria, leaving 54 participants with
SLE to complete the study. A total of 56 age- and sex-matched
control subjects also completed the study. The majority of
participants were middle-aged women of European ethnicity
(Table 1). Compared to controls, participants with SLE had a
significantly higher BMI (P = 0.004), were more likely to have a
history of smoking (P = 0.046) or be unemployed (P = 0.006),

and had a higher tender joint count (P < 0.001) and swollen joint
count (P = 0.025). Disease characteristics for participants with
SLE are presented in Table 2. Participants with SLE had a mean
+ SD SLEDAI-2K score of 13.3 + 9.7 and disease duration of

15 + 12 years.

Musculoskeletal foot characteristics. Differences
in musculoskeletal foot characteristics between groups are
presented in Table 3. Compared to controls, participants with
SLE had significantly lower muscle force for plantarflexion,
dorsiflexion, and inversion and eversion of the ankle (all P <
0.001). Participants with SLE also had a significantly higher
FPI, which is indicative of a more pronated foot posture (P =
0.007) and a greater Foot Problem Score (P = 0.001). There
were no differences between groups for joint motion, hallux
valgus, or other deformities (all P > 0.05).

Plantar pressure and spatiotemporal gait
parameters. Table 4 presents the differences between
groups for plantar pressure, pressure time integrals, and spa-
tiotemporal parameters. After adjusting for BMI and gait veloc-
ity, participants with SLE had significantly lower peak pressure

Table 2. SLE disease characteristics (n = 54)*

Characteristics Values
SLEDAI-2K score, mean + SD 13.3+9.7
SLE disease duration, mean + SD years 15+12
Laboratory tests, mean + SD
CRP level, mg/liter 6.8+10.7
ESR, mm/hour 35.4+ 411
Creatinine, pmol/liter 76.8+25.8
Medications
Hydroxychloroquine 32 (59)
Immunosuppressants 21 (39)
Prednisone 19 (35)
NSAIDs 16 (30)
Analgesics 17 (31)
Anticoagulants 5(9)
Statins 8 (15)
Antihypertensives 13 (24)
Comorbidities and complications of disease
Lupus nephritis 8 (15)
Chronic kidney disease 24
Raynaud's syndrome 21 (39)t
Fibromyalgia 4(7)
Sjogren’s syndrome 6(11)
Chilblain lupus 24 (44)%
Osteoporosis 7(13)
Depression 3(6)
Dyslipidemia 6 (6)
Cardiovascular diseases 6 (6)
Hypertension 17 (31)
Diabetes mellitus 1(2)

* Values are no. (%) unless indicated otherwise. SLE = systemic lupus
erythematosus; SLEDAI-2K = Systemic Lupus Erythematosus Disease
Activity Index 2000; CRP = c-reactive protein; ESR = erythrocyte sedi-
mentation rate; NSAIDs = nonsteroidal antiinflammatory drugs.

T Involving feet 14 (26%).

t Involving feet 19 (35%).
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Table 3. Differences in musculoskeletal foot characteristics between controls and patients with SLE*

Controls SLE Diff. (95% Cl) OR (95% Cl) P

Plantarflexion force, Nt 232.0+79.7 188.9+709 -431(-63.2,-23.1) <0.001%
Dorsiflexion force, NT 177.0 £60.4 1451 +53.2 -32.0(-471,-16.8) <0.001%
Inversion force, NT 1031 +£44.7 781 +40.7 -25.0(-36.4, -13.6) <0.001%
Eversion force, N 90.0+349 66.6 +31.9 -23.4(-32.3, -14.5) <0.001%
First MTP joint dorsiflexion, ROM degreest 79.7 + 257 80.6+22.7 0.9 (-5.5,7.4) 0.77
STJ inversion, ROM degreest 36.0+174 351+133 -09(-5.0,3.2) 0.67
ST eversion, ROM degreest 13.8+9.5 140+£8.2 0.2(-2.2,2.6) 0.87
Ankle lunge, degreest 433+10.5 409+9.8 -2.3(=5.0,0.4) 0.09
Foot posture indext 38+53 56+51 1.8(0.5,3.2) 0.009%
Foot problem score 113+73 16.3+8.6 5.0(2.0,8.0) 0.001%
Foot tenderness present, no. (%) 14.(13) 67 (62) 1432 (6.41,32.00) <0.001%
Foot swelling present, no. (%) 9(8) 30 (28) 4.58(1.78,11.76) 0.002%
Hallux valgus grade, no. (%) 0.95(0.57,1.57) 0.84

None 60 (54) 8(72)

Mild 30(27) 8(17)

Moderate 15(13) 8(7)

Severe 7 (6) 2(2)
Tinea, no. (%) 4(4) 5(5) 1.16(0.36, 3.78) 0.81
Verruca, no. (%) 0(0) 3(3) 1.58(0.37,6.69) 0.53
Digital amputation, no. (%) 0 (0%) 2 (2%) 1.37(0.31,6.04) 0.68
Bony prominence(s), no. (%) 35(31) 27 (25) 0.72(0.36, 1.46) 0.36
Hammer toes, no. (%) 9 (8) 6 (6) 0.74.(0.27,2.07) 0.57
Claw toes, no. (%) 14(13) 14 (13) 1.04(0.39,2.77) 0.93
Hyperkeratotic lesions, no. (%) 98 (88) 91 (84) 0.75(0.30, 1.86) 0.53

* Values are mean + SD unless indicated otherwise. No. (%) calculated from no. of feet (control = 112 feet, SLE = 108 feet). SLE = systemic
lupus erythematosus; Diff. = difference between controls and patients with SLE; 95% Cl = 95% confidence interval; OR = odds ratio; N =
newtons; MTP = metatarsophalangeal; ROM = range of motion; ST) = subtalar joint.

t Adjusted for foot pain visual analog scale.
¥ Significant at P < 0.05.

and significantly higher pressure-time integrals at all 7 regions
of the plantar foot (all P < 0.001). After adjusting for BMI, par-
ticipants with SLE had significantly lower step and stride length
and higher step, swing, stance, and single and double support
times compared to controls (all P < 0.001). Participants with
SLE also had a significantly lower velocity and cadence com-

pared to controls (all P < 0.001).

Neurovascular foot characteristics. Table 5 presents the
differences between groups for the neurovascular characteristics.
Participants with SLE had significantly higher vibration perception
threshold (VPTs), indicative of reduced vibratory perception (P =
0.001), and were more likely to have abnormal ABI (odds ratio [OR]
3.13, P = 0.044). No differences were observed between groups
for the remaining neurovascular measures (all P > 0.05).

Patient-reported pain and disability. Table 6 presents
the differences in patient-reported outcomes between groups.
Compared to controls, participants with SLE reported significantly
worse foot pain VAS (P < 0.001), MFPDI (P < 0.001), and LLTQ
(P < 0.001) scores. Participants with SLE were more likely to
have foot pain compared to controls (62% versus 29%, OR 4.31;
P < 0.001). The most common individual sites for foot pain in SLE
were the lesser toes (n = 41 feet, 38%), dorsal midfoot (n = 40
feet, 37%), and ankle (n = 34 feet, 32%). The hindfoot was the
most common overall region for foot pain in patients with SLE

(n = 47 feet, 44%). Forty-six feet (43%) of participants with SLE
had pain in >2 regions.

DISCUSSION

The multisystem heterogenic nature of SLE is reflected in
the diversity of structural, functional, and neurovascular foot
problems observed in the current study, including impaired
foot and ankle muscle function and gait changes, which have
not been assessed previously in this population. Patients with
SLE also report a range of foot- and ankle-related problems,
including wide-spread pain, functional disability, and activity
limitations.

The reductions in plantarflexion, dorsiflexion, inversion, and
eversion muscle force observed in the current study are similar to
those in previous studies when assessing the function of major
leg muscle groups in patients with SLE, including quadriceps and
hamstrings (3,29,30). Foot and ankle muscle strength is important
in performing daily functional activities, including walking, which
requires adequate sagittal plane motion for forward progression
and frontal plane motion for stability and shock absorption (31).
Muscle weakness in SLE may be due to a reduction in physical
fitness as a consequence of fatigue, a symptom experienced by
80% of patients with SLE (2).

Results from the current study showed reduced peak pres-
sures and increased pressure time integrals in all areas of the
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Table 4. Difference in plantar pressure and spatiotemporal gait parameters between controls and patients

with SLE*
(95% Cl for
Controls SLE Diff. diff.) P
Peak plantar pressure, kPat
Heel 244.0+111.0 1554+ 874 -88.6 (=115.2, 62.0) <0.001%
Midfoot 116.1 + 68.6 68.3+553 -47.8 (-64.4,-31.3) <0.001%
First metatarsal 209.3+90.6 119.0+70.9 -90.3 (-112.0,-68.7) <0.001%
Second metatarsal 278.8 £104.1 174.0 +80.7 -104.7  (-129.5,-79.9) <0.001%
Third to fifth metatarsals 2353 +88.8 149.4 + 66.9 -86.0 (-106.9, 65.0) <0.001%
Hallux 189.0 +100.2 127.2+79.6 -61.8 (-85.9, -37.8) <0.001%
Toes 1241 +82.6 63.6 +89.3 -60.5 (-80.8, -40.1) <0.001%
Pressure time integral, kPa
x seconds interactiont
Heel 46.4+61.2 154.5+453 108.1 (93.8,122.4) <0.001%
Midfoot 253+349 64.5+26.0 393 (31.1,47.4) <0.001%
First metatarsal 50.6 + 66.7 1204 +51.4 69.8 (53.9, 85.6) <0.001%
Second metatarsal 73.6+64.2 176.2 +47.8 102.6 (87.5,117.7) <0.001%
Third to fifth metatarsals 56.6 +58.4 1461 £43.6 89.5 (75.8,103.2) <0.001%
Hallux 36.1 £56.2 128.6+42.0 92.5 (79.3,105.7) <0.001%
Toes 261 +35.7 60.9 +28.0 34.8 (26.3,43.4) <0.001%
Spatiotemporal gait parameterss
Step length, cm 63.7 + 102 572 +95 -6.5 (-9.1,-3.9) <0.001%
Stride length, cm 1276 +20.0 114.7 £ 191 -12.9 (<181, -7.7) <0.001%
Support base, cm 9.8+4.0 10.3+37 0.5 (-0.6,1.5) 0.37
Step time, seconds 0.52+0.08 0.58 +0.08 0.06 (0.04,0.08) <0.001%
Swing time, seconds 0.39+0.04 0.41+0.04 0.02 (0.01,0.03) <0.001%
Stance time, seconds 0.64+0.13 0.73+0.12 0.10 (0.06, 0.13) <0.001%
Single support time, seconds 0.39+0.05 0.42 +£0.04 0.02 (0.01,0.04) <0.001%
Double support time, seconds 0.24+0.10 0.31+0.09 0.07 (0.05, 0.10) <0.001%
Velocity, cm/second 12514245 1021 +£19.8 -23.0 (-31.4,-14.6) <0.001%
Cadence, steps/minute 1179 +13.5 105.7 +10.9 -12.2 (-16.9, -7.6) <0.001%

* Values are mean + SD unless indicated otherwise. SLE = systemic lupus erythematosus; Diff. = difference
between controls and patients with SLE; 95% Cl = 95% confidence interval.

T Adjusted for body mass index, gait velocity, and foot pain visual analog scale.

¥ Significant at P < 0.05.

§ Adjusted for body mass index and foot pain visual analog scale.

plantar foot in patients with SLE. These results suggest that even
though maximal load at each area under the foot in patients with
SLE is low, relative to that of control participants, the cumulative
effect of pressure over time is very high. High pressure time inte-
grals are associated with underlying tissue damage and pain in
other patient populations, including those with diabetes mellitus
(82) and rheumatoid arthritis (33). Although this is most commonly
considered a result of a slow walking speed or the presence of
foot pain (34,35), the current analysis adjusted for gait velocity and

foot pain, meaning that the findings may be attributed to factors
beyond these factors. It is possible that alterations in foot structure
and posture, as well as changes to foot function resulting from
muscle strength deficits and reduced sensation, may contribute
to these altered gait patterns in patients with SLE.

Limitations to foot joint motion were not a characteristic fea-
ture in patients with SLE in the current study. This may reflect the
infrequency of sonographic and radiographic foot joint and bone
lesions in patients with SLE (36,37) and the nonerosive nature of

Table 5. Differences in neurovascular foot characteristics between controls and patients with SLE*

Controls SLE Diff. (95% Cl) OR (95% Cl) P
VPT, mV 89+94 13.2+95 4.3(1.8,6.8) 0.0011
Temperature, °C 249+3.0 252+29 0.5(=0.5,1.1) 0.44
Ankle brachial index 1.03+006 1.02+014 -0.01(-0.05,0.03) 0.61
Loss of protective sensation, no. (%)f 3(3) 10(9) 2.89(0.75,6.97) 0.11
Abnormal VPT (< 25 mV), no. (%) 0(0) 10(9) 3.56(0.98,12.91) 0.05
Intermittent claudication, no. (%) 0(0) 1(2) 1.37(0.17,11.30) 0.77
Abnormal ABI, no. (%) 5(9) 13(24) 3.13(1.03,9.49) 0.044t

* Values are mean + SD unless indicated otherwise. SLE = systemic lupus erythematosus; Diff. = difference between controls
and patients with SLE; 95% Cl = 95% confidence interval; OR = odds ratio; VPT = vibration perception threshold; ABI = ankle

brachial index.
t Significant at P < 0.05.

¥ Calculated from no. of feet (control = 112 feet, SLE = 108 feet).
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Table 6. Difference in self-reported pain and disability between controls and patients with SLE*

Controls SLE Diff. (95% Cl) OR (95% ClI) P
Foot pain VAS score, mean + SD, mm 45+243 257 +239 21.2(014.6,277) <0.001t
MFPDI score, total mean + SD 13+26 11.6+£84 10.31 (8, 12.6) <0.001t
LLTQ activities of daily living score, 392+14 347 +56 =457 (-6.1, -3) <0.001t
mean + SD
LLTQ recreational activities score, 357+11.0 249+6.2 -10.79 (=141, -7.4) <0.001t
mean + SD
Any foot pain present 32(29) 67 (62) 4.31(2.24,8.29) <0.001t
First MTP joint pain 12 (11) (23) 2.51(1.08, 5.88) 0.034t
Hallux pain 9(8) 2 (20) 2.93(1.13,7.61) 0.02771
Great toe pain 17 (15) (30) 2.39(1.10, 5.26) 0.028t
Lesser toe pain 13(12) 41 (38) 4.85(2.17,10.84) <0.001t
Plantar forefoot pain 9(8) (22) 3.29(1.29, 8.38) 0.013t
Dorsal midfoot pain 7 (6) 0(37) 9.03(3.52,23.12) <0.001t
Medial arch pain 3(3) 9(18) 4.64 (1.65, 13.06) 0.004t
Ankle pain 9(8) 4(32) 5.46(2.23,13.40) <0.001t
Plantar heel pain () (15) 5.03(1.57,16.14) 0.007t
Posterior heel pain 5(5) 20(19) 4.84(1.58, 14.81) 0.006t
Any toe pain 17 (15) 43 (40) 3.85(1.82,8.15) <0.001t
Any forefoot pain 15(13) 32(30) 2.76(1.27,6.01) 0.011t
Any midfoot pain 7 (6) 9(36) 8.67(3.37,22.32) <0.001t
Any hindfoot pain 9(8) 47 (44) 9.56 (3.89, 23.50) <0.001t
Pain > 2 locations# 12 (11) 46 (43) 6.11(2.79,13.42) <0.001t
Pain > 3 locationst 3(3) 32 (30) 1518 (4.11, 46.04) <0.001t

* Values are no. (%) unless indicated otherwise. No. (%) calculated from no. of feet (control = 112 feet, SLE = 108 feet). SLE =

systemic lupus erythematosus; diff. = difference between controls and patients with SLE; 95% Cl =
Manchester Foot Pain and Disability Index; LLTQ = Lower Limb Task Ques-

OR = odds ratio; VAS = visual analog scale; MFPDI =
tionnaire; MTP = metatarsophalangeal.

t Significant at P < 0.05.

¥ From either toes, forefoot, midfoot, and/or hindfoot.

SLE arthritis (38). Similar rates of bony deformities, including hallux
valgus and clawed digits, as well as skin lesions and hyperkerato-
sis, were also observed between patients with SLE and controls.
This is consistent with a previous study that found that the preva-
lence of hallux valgus in SLE was not different from controls (37).

Consistent with previous research (39), the current study
found greater vibration perception thresholds in patients with
SLE in comparison to controls, indicating impaired large periph-
eral nerve fiber function. Nerve conduction studies have also
shown significant deterioration of leg motor and sensory nerves in
patients with SLE (39,40). Finally, almost one-fourth of participants
in the current study had abnormal ABI values. Peripheral vascular
disease is fairly prevalent in patients with SLE (41-43), resulting in
decreased blood flow to the extremities and accounting for the
high occurrence of chilblain lupus and Raynaud’s phenomenon in
this population (44).

The results of the current study highlight the extent and mag-
nitude of self-reported foot pain and disability experienced by
patients with SLE. Previous research has reported a prevalence
of current self-reported foot pain in patients with SLE ranging from
33% to 66% (6,7,37). Consistent with this previous research, 62%
of participants with SLE in the current study reported foot pain.
Although foot pain was widespread and often affected multiple
locations, the most common area for pain in patients with SLE
was the hindfoot; also consistent with previous postal survey data
(6,7). Although the exact cause of this pattern of pain is unclear,

95% confidence interval;

joints of the hindfoot have been reported to have more frequent
synovitis on ultrasound imaging in patients with SLE compared to
controls (37).

There are some limitations to our study. First, the par-
ticipants with SLE in the current study were recruited from
secondary care clinics in Auckland, New Zealand and may
not represent SLE in rural communities or globally. Although
control participants and participants with SLE were recruited
from the same city, they may not have come from the same
source population, which may have increased the risk for
selection bias. In addition, gait characteristics were assessed
during barefoot walking, which may not reflect patterns typi-
cally exhibited in daily activity with the use of everyday foot-
wear. Furthermore, the potential for outcome ascertainment
bias may have been introduced since the podiatric researcher
was not blinded to the group allocation of the participants
and therefore may have influenced the strength of differences
between groups. Finally, patients with foot problems may have
been more interested in a study of foot disease, which may
lead to overestimation of the prevalence of foot problems in
patients with SLE.

These results highlight the importance of foot health
assessments as part of the management of patients with SLE.
Existing studies have shown that podiatric services, including
nail and skin care, clinical padding, foot orthoses, and footwear
advice for patients who have rheumatic foot conditions, such
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as rheumatoid arthritis, gout, and other connective tissues
diseases, are effective in reducing foot pain, impairment, and
disability (45). Furthermore, previous work has shown that
patients with SLE wear shoes that are inappropriate for their
level of pain and disability (46). Along with the results from
the current study, these findings warrant the need for further
research that assesses the role of foot-specific interventions,
including general podiatric care and footwear.

In conclusion, patients with SLE exhibit objective evidence
of foot and ankle disease, including reduced foot and ankle mus-
cle strength and altered plantar pressure and gait patterns, when
compared to matched controls. Patients with SLE also report
a wide range of foot symptoms related to pain, disability, and
activity limitation.
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Objective. Patients with immune-mediated inflammatory diseases such as rheumatoid arthritis or systemic lupus
erythematosus are at increased risk of cardiovascular disease. However, the cardiovascular risk of patients with
primary Sjégren’s syndrome (SS) remains poorly studied. We aimed to investigate the association between primary
SS and cardiovascular morbidity and mortality.

Methods. We performed a systematic review of articles in Medline and the Cochrane Library and recent abstracts
from US and European meetings, searching for reports of randomized controlled studies of cardiovascular morbidity
and cardiovascular mortality in primary SS. The relative risk (RR) values for cardiovascular morbidity and mortality
associated with primary SS were collected and pooled in a meta-analysis with a random-effects model by using
Review Manager (Cochrane collaboration).

Results. The literature search revealed 484 articles and abstracts of interest; 14 studies (67,124 patients with
primary SS) were included in the meta-analysis. With primary SS versus control populations, the risk was signifi-
cantly increased for coronary morbidity (RR 1.34 [95% confidence interval (95% CI) 1.06-1.38]; P = 0.01), cerebro-
vascular morbidity (RR 1.46 [95% CI 1.43-1.49]; P < 0.00001), heart failure rate (odds ratio 2.54 [95% CI 1.30-4.97];
P < 0.007), and thromboembolic morbidity (RR 1.78 [95% CI 1.41-2.25]; P < 0.00001), with no statistically significant
increased risk of cardiovascular mortality (RR 1.48 [95% CI 0.77-2.85]; P = 0.24).

Conclusion. This meta-analysis demonstrates that primary SS is associated with increased cardiovascular
morbidity, which suggests that these patients should be screened for cardiovascular comorbidities and considered

for preventive interventions, in a multidisciplinary approach with cardiologists.

INTRODUCTION

Primary Sjogren’s syndrome (SS) is a chronic autoimmune
disease with a prevalence of 6.8 per 10,000. The peak fre-
quency of the disease is approximately age 50 years and it
predominantly affects women, with a 9:1 female:male ratio. If
SS is associated with another systemic disease, it can also
be labeled as secondary (1). Primary SS is characterized by
lymphocytic infiltration of the exocrine glands (mainly sali-
vary and lacrimal) responsible for oral and eye dryness and
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by B-cell hyperactivity (2). Patients with chronic autoimmune
diseases such as rheumatoid arthritis (RA) and systemic lupus
erythematosus are at increased risk of cardiovascular disease,
largely because of the systemic inflammation (3,4). In RA, the
cardiovascular disease is the main cause of death. Publica-
tions on primary SS show different estimations of the incidence
of cardiovascular complications. This heterogeneity of data led
us to conduct a systematic review of this topic. We performed
a meta-analysis of all studies that estimated cardiovascular
events with primary SS as compared with controls.
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SIGNIFICANCE & INNOVATIONS

+ Patients with primary Sjogren’s syndrome are at
increased risk of cardiovascular morbidity as com-
pared with the general population.

+ Studies of cardiovascular morbidity and mortality
in patients with primary Sjégren’s syndrome are
limited and results are conflicting; this meta-analysis
improves the literature data.

+ The study adds additional data to a recent meta-
analysis.

PATIENTS AND METHODS

Search strategy and selection criteria. Studies were
included in the systematic review if all of the following criteria
were met: 1) it was a cross-sectional, prospective-cohort,
retrospective-cohort, or case—control study accounting for the
number of cardiovascular events (myocardial infarction, cere-
brovascular events, thromboembolic events, heart failure, or
cardiovascular mortality); 2) the patients who were the index
cases were adults ages >18 years; 3) the primary SS diagnosis
was based on the 1993 European Community Study Group or
American-European Consensus Group (AECG) criteria for pri-
mary SS or the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) code 710.2 or ICD-
10-CM code M35.0; 4) there was a control group of healthy indi-
viduals; and 5) the results of selected studies were published in
English.

Patients with secondary SS or another immune-mediated
inflammatory disease (IMID) were excluded. Controls did not
have any IMID. Potentially eligible studies were identified by
a literature search of articles published up to March 2018 in
Medline (National Library of Medicine) with the following med-
ical subject heading (MeSH) terms: (“Sjogren’s syndrome” OR
“Sjogren’s syndrome/complications”) AND (“cardiovascular
diseases/complications” OR “cardiovascular diseases/mortal-
ity” OR “myocardial ischemia” OR “heart failure” OR “stroke”).

Electronic abstract databases of the annual scientific
meetings of the European League Against Rheumatism and
the American College of Rheumatology were also screened.
Finally, the references of selected articles were screened to
search for additional studies. Studies were reviewed by 2 inde-
pendent readers (AB, JM). Disagreements were resolved by
consensus.

Data extraction. Data were extracted by one reader (AB)
from the selected studies and included the first author’s name,
publication date, country, number of patients with primary SS,
disease duration, follow-up duration, classification criteria used,
autoantibody status, type of control group, number of con-
trols, percentage of women, and mean age (Table 1). Possi-
ble confounding factors extracted included the percentage of

comorbidities, such as diabetes mellitus, hypertension, smoking,
obesity, hyperlipidemia, and steroid use (Table 2).

Data analysis. From information provided by observa-
tional studies, we estimated the risk of cardiovascular disease
(myocardial infarction, cerebrovascular events, thromboembolic
events, heart failure, or cardiovascular mortality) for patients
with primary SS versus the control group. Relative risks (RRs),
odds ratios (ORs), and 95% confidence intervals (95% Cls) were
calculated by using a 0.05 alpha risk.

The Mantel-Haenszel procedure was used to evaluate the
association between cardiovascular events and primary SS. This
method provided a common RR or OR estimate and 95% Cls in
forest plots, highlighting the population-wide effect of primary SS
status on the risk of cardiovascular disease. Statistical heteroge-
neity of the samples was assessed by the Q test (chi-square),
with a significance level of 0.05, and was reported with the I*
statistic (high values indicating high heterogeneity). Data analy-
ses involved using Revman software, version 5.3 (5). The quality
of observational studies was evaluated by the Cochrane risk of
bias tool for nonrandomized studies of interventions (Table 2).
Details are provided in Supplementary Table 1, available on the
Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23821/abstract.

RESULTS

Our search strategy yielded 484 studies; 468 stud-
ies were excluded because they had the wrong population
(i.e., not about primary SS [n = 85], not adults [n = 4], or
with a control group composed of individuals diagnosed for
an autoimmune disease [n =1]), wrong outcome (not about
cardiovascular disease [n = 139]), or wrong type of study
(case reports [n = 207] or editorial [n = 12]), were duplicates
(n = 18), or were not published in English (n = 2). The flow-
chart is shown in Figure 1. Finally, 28 publications (includ-
ing 1 abstract) were eligible for inclusion in the review; 14
publications had sufficient data to be included in the meta-
analysis. Within these 14 publications (11 retrospective and
3 prospective), 9 were from European countries, 2 from the
US and Canada, and 3 from Taiwan. Five studies focused
on coronary morbidity, 4 on cerebrovascular morbidity, 3 on
heart failure rate, 2 on thromboembolic morbidity, and 2 on
cardiovascular mortality.

Selected studies included mostly women (approximately
90% for patients with primary SS and 74.5% for controls [6-12]).
The mean + SD age of patients with primary SS was 55.5 +
13.5 years (8-10), with a mean age of 75 years for age at death
(13). The mean age of controls was 54.5 + 12.4 years (8-10).
Follow-up duration was from 3.6 to 44 years (6,7,10-12,14-17).
The disease duration from diagnosis at inclusion, reported in 4
studies (8,9,13,14), was approximately 7 years. Classification
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Table 2. Potential confounding factors and assessment risk of bias of studies selected*

Author, year (ref.)

Cardiovascular risk factors

Corticosteroids use

Overall risk of bias

Theander et al, 2004 (13)
Skopouli et al, 2000 (14)
Ramagopalan et al, 2013 (6)
Vassiliou et al, 2008 (8)
Bartoloni et al, 2015 (9)

Ramagopalan et al, 2011 (7)
Chiang et al, 2013 (10)

Chiang et al, 2014 (11)

Z06ller et al, 2012 (15)
Zoller et al, 2012 (16)
Zoller et al, 2012 (17)
Yurkovich et al, 2014 (18)
Luni et al, 2016 (19)

Wu et al, 2018 (12)

Primary SS: NR; controls: NR

Primary SS: NR; controls: NR

Primary SS: NR; controls: NR

Primary SS: NR; controls: NR

Hypertension: primary SS (32%), comparator (28%),
P =0.021; hypercholesterolemia: primary SS (30%),
comparator (23%), P < 0.007; obesity: primary SS
(11%), comparator (21%), P < 0.001; smoking: primary
SS (13%), comparator (23%), P < 0.001; diabetes
mellitus: primary SS (4%), comparator (7%), P = 0.001

Primary SS: NR; controls: NR

Hypertension: primary SS (1,614; 32.1%); controls (1,633;
32.5%), NS; diabetes mellitus: primary SS (1,050;
20.9%); controls (1,056; 21.0%), NS; hyperlipidemia:
primary SS (1,378; 27.4%); controls (1,421; 28.3%), NS

Hypertension: pSS (1,155; 27.0%), controls (11,561;
27.0%), P = 0.985; diabetes mellitus: pSS (809; 18.9%),
controls (8,088; 18.9%), P> 0.999; hyperlipidemia:
pSS (966; 22.6%), controls (9,663; 22.6%), P = 0.999

Primary SS: NR; controls: NR

Primary SS: NR; controls: NR

Primary SS: NR; controls: NR

Primary SS: NR; controls: NR

Primary SS: NR; controls: NR

Hypertension: primary SS (955; 22.87%); controls (3,286;
19.68%); diabetes mellitus: primary SS (509; 12.19%);
controls (1,535; 9.19%); hyperlipidemia: primary SS
(733; 17.56%); controls (2,122; 12.71%)

Primary SS:
Primary SS:
Primary SS:
Primary SS:
Primary SS:

Primary SS:
Primary SS:

Primary SS:

Primary SS:
Primary SS:
Primary SS:
Primary SS:
Primary SS:

NR; controls:
NR; controls:
NR; controls:
NR; controls:
NR; controls:

NR; controls:
NR; controls:

NR; controls:

NR; controls:
NR; controls:
NR; controls:
NR; controls:
NR; controls:
Primary SS (464; 11.11%);

controls (371; 2.22%)

NR
NR
NR
NR
NR

NR
NR

NR

NR
NR
NR
NR
NR

Serious
Serious
Serious
Serious
Moderate

Serious
Low

Low

Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

*SS = Sjogren’s syndrome; NR = not reported; NS = not significant.

criteria for primary SS patients were reported in 13 publications;
the ICD code was used in 7 studies (7,12,15-19), AECG criteria
in 3 studies (8,10,11), 1993 European criteria in 1 study (14),
and 2 studies used AECG criteria and 1993 European criteria

Identification

Included

Figure 1.

)

Records identified through
database searching

Additional records identified with
reviewed references

(n=12)

N= 484

l

Records after duplicates removed
(n=477)

|

Records screened

Records excluded

(n=477)

(n = 444)

l

Full-text articles assessed

Full-text articles excluded,

for eligibility
(n= 33)

l

Studies included in
qualitative synthesis

(n=281)

l

Studies included in
quantitative synthesis
(meta-analvsis)

n=14

wiley.com/doi/10.1002/acr.23821/abstract.

(n=6)

Reasons
Editorial 2
Wrong language 2
Case-report 1
Wrong design 1

[

(9,13). The autoantibody status of patients with primary SS was
reported in 3 studies (9,13,14). Data on coexisting cardiovas-
cular risk factors and treatments, such as corticosteroids, were
reported in 4 studies (Table 2).

Flow chart of literature selection process. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.
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RR of cerebrovascular events. Four articles (6,10,15,18)
compared the number of cerebrovascular events in patients with
primary SS to that in the general population. The total number of

patients with primary SS was 25,242, and the number of cerebro-
vascular events in this population was 605. Among the 570,183
patients with nonprimary SS, the number of cerebrovascular events
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Figure 2. Risk ratios (RRs) with 95% confidence intervals (95% Cls) for cerebrovascular events (A), thromboembolic events (B), heart failure
rate (C), coronary morbidity (D), and cardiovascular mortality (E). The pooled RRs with 95% Cls for overall analysis in the total population were

estimated by the Mantel-Haenszel method (diamond).
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was 11,367. The risk of a cerebrovascular event was increased for
patients with primary SS versus the general population (RR 1.46
[95% Cl 1.43-1.49]; P < 0.00001; I? = 0%) (Figure 2A).

RR of thromboembolic events. Two articles (6,7)
compared the number of thromboembolic events in patients
with primary SS to that in the general population. The total
of patients with primary SS was 16,090, and the number of
thromboembolic events in this population was 100. Among the
548,218 patients with nonprimary SS, the number of throm-
boembolic events was 15,607. The risk of a thromboembolic
event was increased for patients with primary SS versus the
general population (RR 1.78 [95% CI 1.41-2.25]; P < 0.00001;
> = 94%) (Figure 2B).

Odds of heart failure. Three articles (8-10) compared the
rate of heart failure in patients with primary SS to that in the gen-
eral population. The total number of patients with primary SS was
5,920, and the number of heart failures in this population was 609.
Among the 9,911 patients with nonprimary SS, the rate of heart
failure was 358. The likelihood of heart failure was increased for
patients with primary SS versus the general population (OR 2.54
[95% Cl 1.30-4.97]; P < 0.007; I* = 85%) (Figure 2C).

RR of coronary morbidity. Five articles (11,12,16,18,19)
compared the rate of coronary events in patients with primary
SS to that in the general population. The total number of patients
with primary SS was 24,133, and the number of coronary events
in this population was 7,799. Among the 460,266 patients with
nonprimary SS, the number of coronary events was 84,772. The
risk of coronary events was increased for patients with primary
SS versus the general population (RR 1.34 [95% CI 1.06-1.68];
P =0.01; > = 95%) (Figure 2D).

RR of cardiovascular mortality. Two cohort studies
(13,14) compared the cardiac-related death in primary SS patients
to that in the general population. The total number of patients with
primary SS was 745, and the rate of cardiac-related deaths was
25. Cardiovascular mortality was not significantly increased for
patients with primary SS (RR 1.48 [95% CI 0.77-2.85]; P = 0.24;
I = 44%) (Figure 2F).

DISCUSSION

In the present meta-analysis, we reported a 30% to 60%
increased risk of coronary and cerebrovascular morbidity. These
results are consistent with the study of Wu et al (12) that found a
risk of coronary heart disease increased to 1.52 among patients
with primary SS, after excluding all the patients with complications
from diabetes mellitus, hypertension, hyperlipidemia, or chronic
obstructive pulmonary disease and those who used antihyper-
glycemic and antihypertensive drugs, statins, and aspirin, sug-

gesting that primary SS may itself be an independent risk factor
for coronary heart disease. Similarly, Zoller et al (15) found a risk
of ischemic stroke >2 during the first year after hospitalization,
whereas Ramagopalan et al (6) found a risk of subarachnoid hem-
orrhage after hospital admission for primary SS increased to 1.69.
Our study also shows an 80% increased risk of thromboembolic
morbidity, which is consistent with the study of Ramagopalan
et al (7) that found an elevated risk of venous thromboembolism
after hospital admission >2 in primary SS patients. In our meta-
analysis, we found a doubled risk of heart failure rate for patients
with primary SS versus the general population. In their retro-
spective cohort of 1,343 patients, Bartoloni et al (9) found that
heart failure represented the most common overt cardiovascular
manifestation after cerebrovascular events. Risk of cardiovascular
mortality was not significantly increased in our study. The studies
of Theander et al (13) and Skopouli et al (14) did not detect any
increased cardiovascular mortality either. For the authors, possible
explanations include the lower frequencies of smoking and steroid
use in patients with primary SS compared with patients with RA
or systemic lupus erythematosus, in whom an increased risk of
cardiovascular mortality is demonstrated.

A recent systematic review and meta-analysis also explored
the risk of cardiovascular and cerebrovascular disease in patients
with primary SS (20). As in our study, Yong et al found a signifi-
cantly increased risk of cardiovascular disease or cerebrovascular
events in patients with primary SS as compared with controls.
However, subgroup analysis showed no difference in risk of cere-
brovascular events, whereas our study showed a significantly
increased risk of all cardiovascular events except cardiovascular
mortality. Regardless, there are several differences between the
2 meta-analyses. The first is that we studied various aspects of
cardiovascular morbidity and did not limit the research to cerebro-
vascular and coronary events. Another difference is the choice of
included studies. Yong et al did not include abstracts of the last
international meetings (18), but they included studies in which the
outcome was not exclusively cardiovascular events. Indeed, 1 of
the studies focused on cardiovascular risk factors and not cardi-
ovascular events (21), and 2 other studies examined the risk of
viral hepatitis and gastroesophageal reflux disease in patients with
primary SS (22,23). Cardiovascular events were reported only in
the initial characteristics. In addition, in our subgroup analysis of
cerebrovascular events, we did not include the studies by Pasoto
et al and Bartoloni et al (9,24) because the main outcome was not
cardiovascular events. However, these 2 studies also showed an
increased risk of ischemic stroke, although it was not significant in
the study by Bartoloni et al.

Like other IMIDs, primary SS may lead to increased cardio-
vascular risk because of chronic inflammation. RA clearly increases
cardiovascular risk, ischemic heart disease in particular (25), by
causing atherosclerotic plagues. Some studies have also shown
an increased prevalence of atherosclerosis in patients with primary
SS measured by different methods: endothelial dysfunction (26),
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increased carotid intima-media thickening (27), abnormal ankle
brachial index (28), and pulse wave velocity (29). Rachapalli et al
(28) demonstrated no significant reduction in ankle-brachial index,
a simple method to identify subclinical atherosclerosis, in patients
with primary SS, except for those with a disease duration >10
years. Two studies (27,30) also showed disease duration that was
longer for patients with than without increased intima-media thick-
ening. Similarly, Chiang et al (11) found no difference in the risk
of acute myocardial infarction between patients with primary SS
and age-, sex-, and comorbidity-matched controls. The authors
explained this difference compared to other studies by disease
duration. Indeed, they examined newly diagnosed patients with
primary SS and followed them for up to 7 years.

In studies showing cardiovascular risk factors, patients with
primary SS showed a significantly higher prevalence of several
risk factors such as hypertension and hyperlipidemia, which may
also play arole in atherosclerosis in primary SS (9,11). Other fac-
tors associated with subclinical atherosclerosis in patients with
primary SS include anti-SSA/SSB antibodies. Indeed Bartoloni
et al (9) showed that circulating anti-SSA/Ro and anti-SSB/La
antibodies were more frequent in patients with primary SS with
cardiovascular events. These antibodies are frequently present
in primary SS with systemic involvement. Bartoloni et al reported
that the main immunologic features in patients reporting visceral
systemic involvement were antinuclear antibodies and anti-SSA/
Ro positivity. Moreover, the authors also showed that primary
SS patients with >1 cardiovascular event had an increased
frequency of visceral involvement, in particular in the lung and
central nervous system, and more frequently received glucocor-
ticoids and immunosuppressive therapies. The systemic forms
requiring aggressive therapies are more inflammatory and are
thus associated with increased cardiovascular risk. However,
treatment with corticosteroids may affect the risk of cardiovas-
cular events itself. In addition, Pasoto et al (24) explored throm-
botic and nonthrombotic manifestations of antiphospholipid
syndrome in patients with primary SS and found that all patients
with primary SS with antiphospholipid syndrome were positive
for anti-SSA/Ro antibodies.

The main limitation of our study is the high heterogeneity
among the studies of cardiovascular morbidity in patients with
primary SS. One explanation could be that in some publications,
classifications used by the authors (ICD-9-CM and ICD-10-CM)
do not provide information on the type of SS (primary or second-
ary). However, most of the studies used the 1993 European or
AECG criteria. The impact of cardiovascular risk factors, such
as smoking, hypertension, hyperlipidemia, diabetes mellitus, or
even use of corticosteroids, was not assessed because of miss-
ing data. These factors were not reported in all the studies and
may suggest bias (31-39).

This meta-analysis confirms that patients with primary SS
show an increased risk of cardiovascular disease as compared with
the general population. Mechanisms underlying the increased risk

of cardiovascular events in primary SS are not exactly elucidated:
the respective weight of classical risk factors is not clearly deter-
mined. Prospective studies are needed to further study the associ-
ation between cardiovascular events and primary SS by including
the weight of corticosteroids and other cardiovascular risk factors.
However, rheumatologists should be aware of this increased risk
in order to propose screening for cardiovascular comorbidities and
specific preventive interventions for patients with primary SS.
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Ten Years of Interventional Research in Systemic Sclerosis:
A Systematic Mapping of Trial Registries

Michele ludici,' “= Aida Bafeta,' Ignacio Atal," and Philippe Ravaud?

Objective. To provide a comprehensive overview of interventional clinical trials registered in international databases
and planned and conducted within the last 10 years in patients with systemic sclerosis (SSc).

Methods. We searched the International Clinical Trials Registry Platform for all records on interventional clinical
trials targeting patients with SSc performed since September 2007. Two reviewers selected studies according to the
prespecified eligibility criteria. Information on start date, country of origin, funding sources, phase of development,
study design, (planned) sample size, enroliment status, outcomes, disease complication, and treatments investigated
were retrieved and summarized.

Results. Among the 198 eligible studies identified (122 randomized controlled trials [RCTs; 62%]), 87 (30%) were
conducted in Europe, 165 (83%) in a single country, and 81 (41%) were industry-funded. The majority of trials inves-
tigated pharmacologic treatments (75%), mostly nonbiotherapies (57%). RCTs were mostly 2-arm (82%) placebo-
controlled (71%) studies with a median number of patients enrolled or planned to be enrolled of 40 (interquartile
range 25-77 [range 10-586]). Twenty-one RCTs (17 %) planned to enroll or enrolled >100 patients. Time to assess the
primary outcome was found to be adequate in 29% to 50% of RCTs retrieved. Patients age >65 years were exclud-
ed in 14% of studies. SSc complications more frequently investigated in overall studies were skin thickness (26%),
Raynaud’s phenomenon/digital ulcers (24%), and interstitial lung disease (14%).

Conclusion. The SSc research landscape is dominated by small, short, and mainly placebo-controlled trials,

especially investigating pharmacologic treatments. Some patients’ needs continue to be neglected.

INTRODUCTION

Systemic sclerosis (SSc) is a systemic autoimmune dis-
ease of unknown etiology characterized by vasculopathy,
immune system dysregulation, and fibrosis (1). In SSc, the
accumulation of extracellular matrix and fibrosis can occur
in almost every organ system (1), leading to a progressive
loss of function. There are 2 subsets of scleroderma: limited
cutaneous disease with slow accumulation of organ com-
plications, and diffuse cutaneous disease characterized by
rapidly progressive skin thickening and early internal organ
involvement (2).

Although there has been some progress in understanding the
pathophysiology of systemic inflammatory diseases, and a grow-
ing number of new molecules are being developed in the field of
autoimmunity, the efficacy of the available treatments to slow or
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arrest fibrosis in SSc is limited (3,4), and the patients with the dis-
ease are still burdened by high disability (5), lower quality of life (6),
and survival (7).

Performing clinical trials to evaluate treatments in patients
with SSc is challenging for several reasons, such as low preva-
lence of the disease, heterogeneity of clinical phenotype, variability
of disease progression, and difficulty in developing validated out-
comes measures (8-10). An aggregate analysis of interventional
research planned and carried out in such diseases as SSc may
inform health-care providers and policy makers in coordinating
research resources for the main needs of SSc patients.

We performed a systematic mapping of interventional clini-
cal trials conducted and planned during the last 10 years in SSc.
We investigated their main features, including the eligibility criteria,
study design, comparisons, interventions, outcomes, location,
and sponsors.
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SIGNIFICANCE & INNOVATIONS

* Randomized controlled trials (RCTs) conducted in
systemic sclerosis during the last 10 years were
mostly small placebo-controlled studies investigat-
ing pharmacologic treatments.

« Some disease complications have never been in-
vestigated in RCTs, likely due to the rarity of the
disease and/or to the difficulties in identifying ho-
mogeneous groups of patients.

* The choice of patient-important outcomes as pri-
mary end points would represent the ideal option,
but they are difficult to implement in real life.

MATERIALS AND METHODS

Search strategy. On February 22, 2018, we searched the
International Clinical Trials Registry Platform (ICTRP) (11) for all
records from September 2007 through February 2018 (trial reg-
istration became mandatory since September 2007). The ICTRP
portal provides a single point of access to information about
ongoing and completed clinical trials registered around the world.
It provides a searchable database containing the trial registration
data sets made available by many data providers, including Clin-
icalTrials.gov and the European Union Clinical Trials Register. A
search strategy using the terms “systemic sclerosis” OR “sclero-
derma” OR “SSc” was performed.

Eligible criteria, data collection, and extraction.
All interventional clinical trials targeting patients with SSc were
included. We defined as interventional a clinical study in which
participants are assigned to groups receiving >1 therapeutic inter-
vention/treatment as determined by study protocol. We excluded
fundamental research and diagnostic and cost-effectiveness
studies. Two reviewers (Ml and AB) independently checked the
studies against the prespecified eligibility criteria. Disagreements
were discussed by the authors to reach consensus. The same 2
reviewers independently extracted data from eligible studies by
using a standardized form. Consensus was reached by discus-
sion in case of disagreements.

General characteristics of trials. We assessed
study characteristics that included country, start date, fund-
ing sources (industry, nonindustry), phase of development (0,
[, I, 1l IV), planned sample size, enroliment status (i.e., closed
recruitment, recruiting, not yet recruiting, withdrawn), study
design (i.e., nonrandomized controlled trials or randomized
controlled trials [RCTs]), number of arms, type of intervention
(pharmacologic [biotherapies, nonbiotherapies], nonpharma-
cologic [rehabilitation, procedure (i.e. surgery, ultraviolet ther-
apy, injection of autologous adipose-derived stromal vascular
fraction, stem cells transplantation), devices (12), and other]),

and type of comparator (placebo, active intervention [pharma-
cologic or nonpharmacologic], usual care, or no intervention).
We labeled as biotherapies each monoclonal antibody targeting
immune cells and/or circulating cytokines. Data on the mecha-
nism of action for each drug under investigation were also col-
lected (13). A study was considered as being industry-funded
if the sponsor or 1 of the collaborators was industry. Reasons
for study withdrawal or early termination were identified in the
ICTRP database or in the published reports, where available.

Eligibility criteria and population targeted in
trials. The following data related to characteristics of patients
as specified by eligibility criteria were collected: age (child [age
<18 years], adults [ages 18-65 years], senior [age >65 years]),
sex, disease subset (diffuse or limited disease according to
LeRoy et al [2] or any), SSc classification criteria required to be
included in the study (1980 American College of Rheumatol-
ogy [ACR] criteria [14] or 2013 ACR/European League Against
Rheumatism classification criteria [15]), autoantibody specific-
ity (anti-Scl-70, anti-CENP, other), disease duration, refracto-
riness to other treatments, and the presence of >1 parameter
of disease worsening.

Disease complications addressed by studies and
classification of outcomes. We recorded the disease compli-
cations being investigated, grouping them in the following cate-
gories (16): skin thickness, Raynaud’s phenomenon/digital ulcers,
gastrointestinal, interstitial lung disease, pulmonary hypertension,
heart dysfunction, joint/muscle function, renal, end-stage disease
requiring transplantation, and other. The complication under inves-
tigation was defined according to an analysis of both eligibility cri-
teria and primary outcome. For each RCT, we collected primary
and secondary outcomes and we assessed the type of outcome
(binary, continuous, and time-to-event). All outcomes were then
independently classified by 2 of the authors (Ml and AB) as patient-
important outcomes or surrogate outcomes according to previous
works on this topic (17,18). We classified patient-important out-
comes as measures that directly impact on quality of life, such as
major morbid events (e.g., death, end-stage lung disease, ampu-
tation) or minor morbid events (e.g., pain and functional status);
surrogate outcomes were classified as measures that may indi-
cate disease progression and increased risk for patient-important
outcomes, or as assessed response to physiologic or laboratory
testing without direct tangible effects on patients (e.g., capillaro-
scopic pattern, worsening of a respiratory parameter, etc.) (17,18).
Consensus was reached by discussion in case of disagreement.
Finally, we recorded the time frame of evaluation for each primary
outcome of the RCTs. We classified as adequate the time frame
of 12-weeks for interventions targeting Raynaud’s phenomenon
(8), 16 weeks for drugs given to heal digital ulcers (19), and 12
months for treatment of lung or skin fibrosis (20-23). The analysis
was descriptive, continuous variables were expressed as median
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(range, interquartile range [IQR]), and categorical variables were
described with frequencies and percentages.

RESULTS

General characteristics of trials. Among the 198 eligi-
ble studies identified (see Supplementary Figure 1, available on
the Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23817/abstract), 87 (30%) were conducted
in Europe, 165 (83%) in a single country, and 117 (59%) were
nonindustry-funded. The majority of trials investigated pharmaco-
logic treatments (n = 148 [75%)]), mostly nonbiotherapies (n = 113
[67%)). Late development (phase II/1ll, 1ll, IV) was reported in 23%
of trials (n = 47), middle development (phase /11, l) in 35% (n = 70),
and early development (phase O, ) in 7% (n = 13). Table 1 shows
the main features of overall studies and of RCTs included.

The 122 RCTs (62%) retrieved were mostly nonindus-
try funded (n = 70 [57%]), 2-arm (n = 100 [82%]), placebo-
controlled (n = 87 [71%)]) studies assessing the efficacy of
pharmacologic treatments (n = 95 [78%)]). The median number
of patients enrolled or planned for enrollment was 40 (IQR 25-77
[range 10-586]). Twenty-one RCTs (17%) and 8 (6%) enrolled or
planned to enroll >100 and >200 patients, respectively. Figure 1
shows the time trend of the interventions under study (A), and
the class of the drugs (B) investigated in RCTs since 2008.

Four RCTs (3%) were withdrawn, and 7 (6%) ended prema-
turely (terminated) before completion. Withdrawal was reported to
be due to unavailability of the device to be used inthe trial (1 studly),
unwillingness of the principal investigator to proceed with the proj-
ect (1 study), and unknown causes (2 studies). Reasons for early
termination were poor tolerability/undesired events (3 studies),
difficulties to enroll patients (2 studies), lack of efficacy (1 study),
and principal investigator unavailability to complete the study
(1 study).

Eligible criteria and population targeted. Studies
generally included both sexes. Of 190 overall studies, patients
age >65 years and children were excluded in 27 (14%) and in
175 (92%), respectively. Seventy-seven of 198 studies (39%)
and 42 of 122 RCTs (34%) did not require the fulfillment of any
validated classification criteria for SSc to enroll patients. A total
of 140 studies (71%) included SSc patients from both disease
subsets, 48 (24%) included only patients with diffuse disease,
while only 7 (3%) targeted patients with limited disease. A minor-
ity of studies specifically investigated patients whose disease
was refractory to previous treatments (n = 18 [9%]) or with >1
parameter of disease worsening (n = 21[10%]). Among the lat-
ter, 13 studies required skin worsening and 8 a deterioration of
lung fibrosis. A specific antibody profile was required by 4 stud-
ies (antinuclear antibodies positivity in 1 study, anticentromere
or antitopoisomerase | positivity in 1 study, anticentromere neg-
ativity in 1 study, and antitopoisomerase | positivity in 1 study).

Table 1. Characteristics of interventional studies on SSc patients
from the World Health Organization International Clinical Trials
Registry Platform*

Overall studies RCTs
Characteristic (n=198) (n=122)
Start date
Sep. 1 to Dec. 31, 2007 10 (5) 7 (6)
2008-2012 82 (41) 43 (35)
2013-2017 102 (52) 68 (56)
Jan. 1 to Feb. 22,2018 4(2) 4(3)
Location of studiest
North America 118 (40) 51 (30)
Europe 87 (30) 56 (33)
Asia 58 (20) 36 (21)
South America 16 (5) 13(8.5)
Oceania 10 (3) 8(5)
Africa 5(1.5) 4(2)
Unclear 1(0.5) 1(0.5)
Type of intervention
Pharmacologic 148 (75) 95 (78)
Nonbiotherapies 113 (57) 72 (59)
Biotherapies 35(18) 23(19)
Nonpharmacologic 50(25) 27 (22)
Rehabilitation 10(5) 9(7)
Procedure 29 (14.5) 10 (8)
Devices 3(1.5) 2(2)
Other 8 (4) 6 (5)
Study design
Non-RCTs 76 (38) -
RCTs 122 (62) -
Parallel group 122 (62) 113 (93)
Crossover 12 (6) 9(7)
Type of comparator
Placebo - 87 (71)
Active, pharmacologic - 14.(11)
Active, nonpharmacologic - 7 (6)
Usual care - 8(7)
No intervention - 5(4)
Other - Tm
Phase of development
Early (O, I) 13(7) 5(5)
Middle (I/11, 1) 70 (35) 50 (40)
Late (IIZ111, 111, 1) 47 (23) 34(28)
Not reported/not 68 (35) 33(27)
applicable
Status of recruitment
Closed recruitment 95 (48) 59 (48)
Recruiting/ongoing 61 (31) 34(28)
Not yet recruiting 22(11) 18 (15)
Withdrawn 6(3) 4(3)
Unknown 14.(7) 7 (6)
No. of patients planned for 34 (1-586) 40 (10-586)

inclusion or included per
study (median, range)

* Values are the number (%) unless indicated otherwise. RCTs =
randomized controlled trials.

T Multiple answers were possible.

} Completed recruitment or terminated studies.

Twenty-four of 34 RCTs (70%) targeting drugs for skin fibro-
sis required patients to have a prespecified modified Rodnan skin
score to be included, ranging from a median lower score of 10
(IQR 10-15; lower threshold) to a median higher score of 51 (IQR
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Figure 1. Evolution over time of the number of randomized controlled trials, by type of intervention (A), class of drug (B), and SSc complication

investigated (C). TK = tyrosine kinase; JK = Janus kinase; PDE5 inh = phosphodiesterase 5 inhibitors; sGC stim = soluble guanylate cyclase stimulator;
PGI = prostacyclin; CCB = calcium channel blocker; IS = immunosuppressor; SSc = systemic sclerosis; PH = pulmonary hypertension;
RP/DU = Raynaud’s phenomenon/digital ulcers; ILD = interstitial lung disease.

35-51; higher threshold). Table 2 shows the main features of the
population included in RCTs. Additional data are shown in Sup-
plementary Table 1, available on the Arthritis Care & Research
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23817/
abstract.

Disease complications addressed by studies. SSc
complications more frequently investigated by overall studies
were skin thickness (n = 52 [27%]), Raynaud’s phenomenon/
digital ulcers (n = 47 [24%)]), and interstitial lung disease (n = 28
[14%)). Figure 1C shows the SSc complications under investi-
gation in RCTs. Figures 2 and 3 show the networks of planned/
conducted RCTs for the main SSc complications.

Classification of RCT outcomes. In 44 RCTs (36%),
the primary outcome was not considered patient-important,
and 12 studies (10%) did not have any patient-important

outcome as primary or secondary outcome. When focusing
only on larger trials, we found that the percentage of patient-
important outcomes among the primary outcome was 86%
(n =18 of 21) for studies with >100 patients, and 87% (n =7
of 8) with those with >200 patients. The median time and the
percentage of studies with an adequate time frame to assess
the primary outcome for the main complications investigated
are shown in Table 2.

DISCUSSION

In the current study we provide a comprehensive descrip-
tion of interventional studies conducted and being conducted in
the field of SSc since a trial registration became mandatory. Most
of the retrieved studies came from Europe and North America,
were nonindustry funded, and were mostly small studies investi-
gating pharmacologic interventions.
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Table 2. Features of population included in randomized controlled
trials (n = 122)*

Population Values
Age, years
Adults and seniors (age >65) 88(72)
Adults (ages 18-65) 18 (15)
All ages 11(9)
Children and adults 2(2)
Unclear 3(2)
SSc classification criteria fulfillment not 42 (34)
required
Disease subset
Both subsets 83 (68)
Only diffuse SSc patients 32 (26)
Only limited SSc patients 4(3.5)
Unclear 3(2.5)
Any disease duration 80 (65)
Condition being evaluatedt
Skin thickness 34(27)
Raynaud's phenomenon/digital ulcers 31(24)
Interstitial lung disease 19 (15)
Hand function 11(9)
Pulmonary hypertension 8(6)
Gastrointestinal tract 7 (5)
Severe or end-stage disease 2(2)
Renal disease 1(1)
Calcinosis Tm
Other 13(10)
Classification of important outcomes
Patient-important outcomes (PIOs) 225(71)
Surrogate outcomes 112 (29)
No. of studies with >1 PIO 110 (90)
No. of studies with >1 PIO as primary 78 (64)
outcome

Time to primary outcome assessment,
median (range) days
Interstitial lung disease
Skin thickness

258 (168-730)
181 (90-730)

Digital ulcers (healing) 101 (56-300)

Raynaud's phenomenon 56 (28-84)
Primary outcome for each SSc complication,

no./total no. (%)*

Interstitial lung disease 7/16 (44)

Skin thickness 8/28 (29)

Digital ulcers (healing) 3/6 (50)

Raynaud's phenomenon 1/4 (25)

* Values are the number (%) unless indicated otherwise. SSc =
systemic sclerosis.

T Multiple answers were possible.

¥ With the time point considered to be adequate.

The analysis of eligibility criteria allows us to draw some
conclusions. First, as often happens (24), older patients were
underrepresented in potential eligible populations. Scarce
attention was also paid to patients with limited SSc as a distinct
group. Moreover, it should be highlighted that some trials were
prematurely closed because of difficulties in enrolling patients.
In this regard, we can speculate that among the factors poten-
tially hindering patient recruitment, the selection of strict eli-
gibility criteria has likely played an important role. The use of
entry criteria that are too selective in RCTs is not uncommon
(25) and has already been pointed out in SSc (26). In 2008,

Villela et al (26) showed that only a minority of SSc patients
from the Canadian Scleroderma Research Group could have
been potentially recruited in RCTs conducted between 1958
to 2006. They identified disease duration and disease subsets
as the main reasons for patient exclusion. The main barriers
to enrollment in RCTs conducted since that time remain to be
investigated to provide further guidance for future trials design.

The choice of criteria for patients to be enrolled in clinical trials
on skin or lung fibrosis is challenging (27), because these compli-
cations can display a varied course, ranging from a quiescent or
slow progressing disease to forms having a rapidly devastating
worsening. We found that the inclusion criteria of retrieved studies
rarely took into account parameters of disease progression, allow-
ing the potential enrollment of patients with stable longstanding
fibrosis. In addition, studies targeting drugs for skin fibrosis almost
never indicated the limit of the upper skin score in eligibility criteria,
allowing patients with a very high skin score, and therefore at high
risk to spontaneously improve, to be included. Actually, we know
that most of the patients with higher skin scores (>22-25) tend to
improve without any treatment (28,29) and that an upper thresh-
old of skin score between 18 and 25 has the best performance
in identifying progressors over regressors (28). Taken together,
these findings suggests that there is still room for improvement in
the selection of eligibility criteria for SSc patients being recruited
in RCTs, particularly for those investigating drugs for skin or lung
fibrosis (30).

Skin thickness, Raynaud’s phenomenon, digital ulcers, and
lung complications were the main targets of studies retrieved. By
contrast, other SSc manifestations such as gastrointestinal, car-
diac, articular, or calcinosis, for which treatments routinely used
are still unsatisfactory and based only on the physician’s expe-
rience, have been largely neglected. Gastrointestinal disease
occurs in almost every SSc patient and is responsible for sleep
disturbance, depression, overall poor quality of life, and approx-
imately 10% of mortality (4,31-33). Calcinosis is difficult to man-
age and is often associated with chronic pain, risk of soft tissue
infection, and functional impairment (34). Cardiac disease is rec-
ognized as a poor prognostic factor and a leading cause of death
(4). The identification of this gap in research should hopefully help
to increase the attention of researchers toward these poorly inves-
tigated manifestations. The advocated availability in the future of
prognostic indicators, including clinical and laboratory features,
genomic or proteomic markers helping to identify patients with
high risk to develop such complications, could hopefully permit
designing tailored RCTs needing a smaller sample size to discern
a treatment effect.

Most studies investigated pharmacologic treatments.
Besides symptomatic drugs to control Raynaud’s phenome-
non or gastrointestinal symptoms, the main classes of drugs
investigated were monoclonal antibodies, analogs or agonists
of prostacyclin, and drugs regulating the nitric oxide pathways.
Luckily, even if trials assessing rehabilitation strategies are still
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Figure 2. Networks of RCTs planned/conducted for A, skin thickness, and B, interstitial lung disease. The dimension of the circle is proportional
to the number of patients enrolled/planned to be enrolled for each drug. The thickness of the connector is proportional to the number of
patients enrolled/planned to be enrolled for each comparison. AA = alginic acid; ABA = abatacept; ABI = abituzumalb; ACC = arm cranking +
cycling; ACO = acotinamide hydrochloride; ALP = alprostadil; AMB = ambrisentan; API = apixaban; ATO = atorvastatin; BLM = belimumab;
BMS-986020 = BMS-986020; BNT = brentuximab; BOS = bosentan; Botox = botulinum toxin; BTZ = bortezomib; BYS = bypass prior to
sympathectomy during the surgical procedure; C-82 = C-82; CYC = cyclophosphamide; DLT = diltiazem; CMF = dimethyl fumarate; DOMP =
domperidone; FIL = filgrastim; FLU = fludarabine; FLV = flu vaccine; FXIII = fibrogammin P; GB = ginkgo biloba; GHR = ghrelin; GSK233081 1
= GSK2330811; HCS = hyperimmune caprine serum; HD = high dose; HE = hand exercise; HEP = home exercise program; HS = hand splint;
HSCT = hematopoietic stem cells transplantation; IFE = ifetroban; IMP = Internet-based self-management program; IMT = imatinib; IVA337 =
IVA337; IVIG = intravenous immunoglobulins; JBT-101 = JBT-101; LD = low dose; LEN = lenabasum; LEU = leuprolide; MCT = macitentan; MD
= medium dose; MEDI-551 = MEDI-551; MEDI7734 = MEDI7734; MG1 = massage on hand (without glove) 15 minutes, then thermography test
and a nylon fabric glove is worn on the hand for 10 minutes, then remove the glove for the last thermography test; MG2 = a nylon fabric glove
is worn on the hand during the 15-minute massage (massage together with glove: control treatment) and remove the glove for thermography
test (hand thermal imager), wearing the glove again for 10 minutes, then remove the glove for the last thermography test; MHE = traditional
Thai massage, hand stretching exercise; ML = manual lymph drainage; MMF = mycophenolate mofetil; MPPT = methylprednisolone pulse
therapy; MQX-503 = topical nitroglycerin; MSC = mesenchymal stromal cells; MZR = mizoribine; NAC = N-acetylcysteine; NIF = nifedipine; NIN
= nintedanib; NIT = nitroglycerine; NVG = neovasculgen; OME = omeprazole; ORM-12741 = ORM-12741; OZO = ozone; P144 = P144; PDN
= prednisone; PF-00489791 = PF-00489791; PFD = pirfenidone; PHY = Physalis angulata; POM = pomalidomide; PRI = pressure-relieving
insole; PRO = probiotic; QAX576 = QAX576; rATG = rabbit antithymocyte globulin; RIO = riociguat; RLN = rilonacept; ROS = rosuvastatin;
RP = rehabilitation program; RTX = rituximab; SAR100842 = SAR100842; SAR156597 = SAR156597; SB = scleroderma book; SBY =
sympathectomy prior to bypass during the surgical procedure; SIL = sildenafil; SIR = sirolimus; STS = sodium thiosulfate: SVF = stromal
vascular fraction; SXP = selexipag; TCZ = tocilizumab; TDF = tadalafil; TGD = terguride; TOF = tofacitinib; TRE = treprostinil; TRI = trimebutine;
UVA1 = ultraviolet light; VIP = aviptadil (vasoactive intestinal peptide); WB = wax bath; WG = wearing gloves; ZBT = zibotentan.

few, an increasing number of trials investigating interventions of behavioral and rehabilitative practices in the management of
to improve hand function have been registered in previous SSc patients (35). Most of the RCTs were parallel 2-arm stud-
years, maybe due to a growing awareness of the importance ies having placebo as a comparator. The extensive use of the
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placebo suggests the lack of efficacious treatments for most SSc
complications. Given the routine use in clinical practice of treat-
ments whose efficacy has never been demonstrated, the use of
placebo in newly designed trials could also have represented a
barrier to the recruitment, due to a potential patient’s reluctance
to receive it. In this context, different trial designs such as add-on,
early-escape, and randomized withdrawal designs might also be
considered (8,16).

As far as RCT size, the estimated number of patients enrolled
or anticipated to be enrolled was often small. Moreover, the dura-
tion of trials was also not always as long as expected to answer
important clinical questions. As we know, the recommended time
to follow up SSc patients depends on the target complication
under investigation. For example, a 12-week trial would be ade-
quate to study Raynaud’s phenomenon (16), or a 16-24 week
study to assess drugs given to heal digital ulcers (19). Due to the
slow turnover of collagen fibers, a longer trial duration (12-24
months) would be needed to investigate the role of treatments
for lung or skin fibrosis (20-23). The time to assess the primary

outcome was found to be adequate in 25% to 60% of studies,
depending on the complication investigated.

The tendency to perform mainly small studies could mirror
the difficulty to enroll patients with such a rare disease, but can
also be explained by the fragmentation of research funding as
well as the possible lack of interest to work in larger networks
due to the need to incentivize individual projects over larger col-
laborative studies.

Finally, it should be emphasized that approximately one-third
of the studies did not have a patient-important outcome among
the primary outcomes. These findings deserve a further comment.
While performing trials with hard outcomes like death, hospitaliza-
tion, etc., would represent an ideal scenario, the slow-progressing
SSc course and the rarity and heterogeneity of the disease impose
a necessary compromise in the selection of primary end points.
In this context, surrogate end points able to capture chronic dis-
ease progression with a demonstrable linkage to patient-centered
outcomes could represent the more realistic and meaningful tool
(9,36).
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This study has some limitations. First, we could have
undoubtedly missed some clinical trials not registered in online
databases searched. Second, we may not have detected trials
on pulmonary hypertension where scleroderma patients are
generally labeled as “connective tissue patients.” Third, some
important trial features could have been reported only in final
publication and not in online databases and consequently were
not analyzed in the current article.

In conclusion, as observed in other fields (24), the SSc
research landscape is dominated by small trials, especially inves-
tigating pharmacologic treatments. Unfortunately, some patients’
needs continue to be neglected. The awareness of state-of-the-
art research might represent an opportunity to further encourage
collaboration and boost clinical research in the field.
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Erratum

An error was detected in the article by Power et al in the September 2019 issue of Arthritis Care & Research (pages
1178-1185). In the Methods of the abstract on page 1178, the sentence listing the sample sizes should have read

“Participants were pre-surgical patients with end-stage knee (n = 539), hip (n = 436), and spine (n = 151) OA

We regret the error.
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Download the New ACR Publications Mobile App

The brand-new ACR Publications app can be downloaded for
free from the Apple store or Google Play. ACR members can log
in for full-text access to all articles in Arthritis Care & Research and
Arthritis & Rheumatology. Nonmembers can access abstracts of
all AC&R and A&R articles, the full text of articles published more
than one year ago, and select open-access articles published
recently, as well as the full text of all articles from ACR Open
Rheumatology and The Rheumatologist.

ARP Membership

The Association of Rheumatology Professionals (ARP), a division
of the American College of Rheumatology, appreciates your contin-
ued membership and looks forward to serving you another year.
Membership costs range from $30 to $140. ARP welcomes nurse
practitioners, nurses, physician assistants, office staff, researchers,
physical therapists, occupational therapists, assistants, and students.
Student membership is complimentary; the Annual Meeting regis-
tration fee is waived for students who submit the required student
verification letter. For information, go to www.rheumatology.org and
select “Membership” or call 404-633-3777 and ask for an ARP staff
member.

New ACR Journal Twitter Account (@ACR_Journals) and Social
Media Editor

The ACR journals are heightening our focus on social media,
to benefit authors and readers. Among our first activities is
the introduction of an official ACR Journals Twitter account: @
ACR_Journals. Followers will enjoy special features and the op-
portunity to engage with authors and other fellow profession-
als about studies published in Arthritis Care & Research, Arthritis
& Rheumatology, and ACR Open Rheumatology. Authors of pub-
lished articles will have the opportunity to use @ACR_Journals
to share their work and engage in dialogue with others inter-
ested in the research. The journals welcome Dr. Paul Sufka of
Minneapolis as our first Social Media Editor.

Call for Themed Submissions

Submissions Invited for Themed Issue of Arthritis Care & Re-
search: Psychosocial Issues in Rheumatic Diseases.

Arthritis Care & Research is soliciting manuscripts for a Themed
Issue addressing pertinent aspects of psychosocial issues as
related to outcomes and concerns in the rheumatic diseases,
as there is more than just a physical aspect to these disorders.
Psychosocial issues may include all aspects related to living with a
rheumatic disease, including the psychological, social, or economic in-
fluences that have an impact upon persons with rheumatic disease.

Manuscripts covering a broad range of topics related to the
major theme are invited. For example, the effects and conse-
quences of psychosocial factors in rheumatic diseases (rheuma-
toid arthritis, lupus, osteoarthritis, psoriatic arthritis, and others),
psychosocial issues as linked with other symptoms and condi-
tions such as pain, depression, anxiety, or disability among per-
sons with rheumatic conditions, intervention studies addressing
improvement in psychosocial measures, cost-benefit analyses
as well as outcomes (such as physical limitations, severity of
disease, family issues, drug interactions), and health behaviors.
Chronic disease management strategies that address rheumatic
diseases and psychosocial factors are also encouraged.

Submissions are encouraged from a range of disciplines
relevant to psychosocial issues in the rheumatic diseases. We will
consider both Original Research articles and Review articles.

The Themed Issue will include both themed and non-themed
manuscripts; however, the bulk of the pages will be reserved
for manuscripts accepted in response to this solicitation. All
manuscripts will be peer-reviewed. The editor will select papers
for publication in the Themed Issue based on reviewer ratings
and the balance of subject matter. It is possible that manuscripts
submitted for the Themed Issue may be accepted for publication
in a non-themed issue of Arthritis Care & Research.

Please follow the formatting requirements found in our
“For Authors” section at: http://onlinelibrary.wiley.com/journal/
10.1002/(ISSN)2151-4658.

The deadline for submission is April 3, 2020. For further
information, contact the editor of Arthritis Care & Research,
Dr. Marian T. Hannan, (Hannan@hsl.harvard.edu).
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