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

Evolving Chest Pain in a Young Male Patient

Matthew White,1 Anthony M. Reginato,2 and Joanne S. Cunha2

CASE PRESENTATION

Chief symptoms

A 33-year-old Hispanic man with a history of recent orchiec-

tomy for suspected testicular cancer presented to the emergency

department with worsening exertional chest pain and dyspnea in
the setting of a 2-month history of diffuse myalgias and symmetric

polyarthralgias.

History of present illness

The patient’s cardiopulmonary and musculoskeletal symp-
toms were preceded by a sore throat with intermittent fever,

chills, and night sweats. At that time, he was diagnosed as hav-

ing β-hemolytic streptococcal pharyngitis via throat culture as

well as an influenza A virus infection, which was determined by

nasopharyngeal polymerase chain reaction (PCR) testing. The

patient completed a 10-day course of amoxicillin with resolution

of his sore throat, chills, and fevers, though his night sweats

persisted.
Two weeks after the onset of sore throat, he developed dif-

fuse myalgias and symmetric polyarthralgias affecting the shoul-

ders and knees. He experienced intense joint stiffness and

aches without swelling, limiting his ability to ambulate. Subse-

quent involvement of the elbows, hands, and ankles occurred in

an additive, nonmigratory pattern resulting in the patient having

difficulties with completing daily activities. These symptoms per-

sisted despite adhering to high doses of scheduled ibuprofen.
Persistent bilateral eye redness without pain or change in vision

accompanied his arthralgias. He also experienced intermittent

and infrequent mild substernal exertional chest discomfort. These

symptoms prompted the patient to seek medical attention from

an urgent care center where he was prescribed 20 mg of predni-

sone daily, which he took for 3 days. Subsequently, the arthral-

gias improved, but chest pain worsened. He was briefly

hospitalized for recurrent chest discomfort, where evaluation

revealed an elevated serum troponin I level of 2.64 ng/ml (normal

reference value: <0.4 ng/ml) with significantly elevated markers

of inflammation, an erythrocyte sedimentation rate (ESR) of

>100 mm/hour (normal reference range: 0–15 mm/hour), and a

C-reactive protein (CRP) level of 89.7 mg/liter (normal reference

value: <10 mg/liter). A radiograph of the chest, an electrocardio-

gram (EKG), transthoracic EKG (TTE), and computed tomogra-

phy (CT) angiography of the chest were unremarkable.
Given the pleuritic nature of the patient’s chest pain in the

setting of recent infection combined with an elevated troponin I

level and otherwise unremarkable evaluation, he was diagnosed

as having postinfectious myopericarditis. The absence of a peri-

cardial effusion on TTE was thought by cardiology to be due to

his recent prednisone use. Physical examination was notable for

marked conjunctival injection without orbital tenderness. Ophthal-

moscopy revealed bright red episcleral discoloration, while slit

lamp examination did not show scleral edema, scleral thinning,

or inflammation of the anterior chamber. These findings led to a

diagnosis of episcleritis. Concurrently, the patient also noted

acute onset testicular pain while repositioning in bed, without tes-

ticular swelling, hematuria, dysuria, or genital ulcers. Genitourinary

examination revealed a tender indurated mass at the lower pole of

the left testicle, without epididymal tenderness or overlying skin

abnormalities. The right testicle and epididymis were normal in

contour and nontender. Testicular ultrasound showed a discrete

7 × 5-mm mass with a hypoechoic rim in the lower left testicle

with prominent internal, peripheral, and perilesional vascularity.

These findings were suspicious for malignancy, and an orchiec-

tomy was performed. Serologic testing for α-fetoprotein and

β–human chorionic gonadotropin was negative. Results from

testicular pathologic testing were pending and unavailable at the

time of the patient’s presentation.
With myopericarditis in the setting of chronic polyarthralgias,

significantly elevated markers of inflammation, and history of

1Matthew White, DO: Lifespan Physician Group, Pawtucket, Rhode Island;
2Anthony M. Reginato, MD, PhD, Joanne S. Cunha, MD: The Warren Alpert
Medical School of Brown University, Providence, Rhode Island.

Author disclosures are available at https://onlinelibrary.wiley.com/action/
downloadSupplement?doi=10.1002%2Facr.24802&file=acr24802-sup-0001-

Disclosureform.pdf.
Address correspondence to Matthew White, DO, 87 Larch Street, Provi-

dence, RI 02906. Email: white.matthew88@gmail.com.
Submitted for publication March 5, 2021; accepted in revised form

September 21, 2021.

867

Arthritis Care & Research
Vol. 74, No. 6, June 2022, pp 867–878
DOI 10.1002/acr.24802
© 2021 American College of Rheumatology

https://orcid.org/0000-0001-7608-224X
https://onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1002%2Facr.24802&#x00026;file=acr24802-sup-0001-Disclosureform.pdf
https://onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1002%2Facr.24802&#x00026;file=acr24802-sup-0001-Disclosureform.pdf
https://onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1002%2Facr.24802&#x00026;file=acr24802-sup-0001-Disclosureform.pdf
mailto:white.matthew88@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24802&domain=pdf&date_stamp=2022-03-11


group A streptococcal pharyngitis infection, the patient was diag-
nosed as having acute rheumatic fever (ARF) based on the fulfil-

ment of the revised Jones criteria for rheumatic fever (Table 1).
This was thought to be the underlying etiologic cause of his clin-
ical presentation, and thus, monthly intramuscular penicillin
injections were initiated. Despite 2 months of treatment with col-
chicine, high-dose ibuprofen, and intramuscular penicillin, chest
pain recurred with greater intensity and prompted the patient to

seek emergent medical attention, which led to hospitalization.
The patient described chest discomfort as a severely sharp and
crushing pain without radiation or change with position that
began suddenly with diaphoresis and dyspnea during minimal
exertion.

Past medical, social, and family history

The patient had an unremarkable medical history. He
reported remote alcohol and cocaine use but denied tobacco
abuse. He had not used cocaine in several years prior to his pre-
sentation. He was monogamous with his wife and had no history
of sexually transmitted infections. His mother was alive and had
hypertension and coronary artery disease. The rest of his family
history was unremarkable, without any history of autoimmune
disease.

Review of systems

In addition to the presence of polyarthralgias, recurrent chest
pain, painless eye redness, and testicular pain, the patient admit-
ted that he had experienced an unintentional weight loss of

20 pounds with recurrent intermittent night sweats over the past
2 months. He denied oral or nasal ulcers, rash, cough, hemopty-
sis, abdominal pain, diarrhea, hematochezia, melena, focal weak-
ness, or paresthesias.

Physical examination

On presentation, the patient’s vital signs revealed a sinus
tachycardia with a heart rate of 114 beats per minute and a blood
pressure reading of 133/86 mm Hg. Respiratory rate was
20 breaths per minute with normal oxygen saturation of 99% on
room air. He was febrile with a temperature of 38.5�C and
appeared ill and in mild distress. Conjunctival injection was noted
bilaterally without eye pain to palpation or movement. Pupils were
round, equal, and reactive to light. Tachycardia was evident on
the cardiovascular examination, without murmurs, friction rub, or
gallop and confirmed with normal 3+ pulses throughout. Results
from pulmonary and abdominal examinations were within normal
limits. Musculoskeletal evaluation was pertinent for the absence
of synovitis or tenderness to palpation with full range of motion in
all joints. There was no lymphadenopathy in the cervical, axillary,
or inguinal nodes. Neurologic evaluation was unremarkable with-
out any focal neurologic deficits. No skin lesions or rashes were
observed. The remainder of the physical examination was
unremarkable.

Laboratory evaluation and imaging results

Laboratory results at the time of the patient’s presentation
are listed in Table 2. Complete blood cell count revealed

Table 1. Revised Jones criteria for rheumatic fever*

Major criteria Minor criteria

Low-risk populations
1) Carditis
a) Clinical
b) Subclinical by echocardiography

2) Arthritis
a) Polyarthritis only

3) Chorea
4) Erythema marginatum
5) Subcutaneous nodules

1) Polyarthralgia
2) Fever of ≥38�C
3) ESR of ≥60 mm/hour and/or

CRP of ≥3.0 mg/dl
4) Prolonged PR interval for

age (carditis cannot be a
major criterion)

Moderate and high-risk
populations

1) Carditis
a) Clinical
b) Subclinical by echocardiography

2) Arthritis
a) Monoarthritis or polyarthritis
b) Polyarthralgia

3) Chorea
4) Erythema marginatum
5) Subcutaneous nodules

1) Monoarthralgia
2) Fever of ≥38�C
3) ESR of ≥60 mm/hour

and/or CRP of ≥3.0 mg/dl
4) Prolonged PR interval for

age (carditis cannot be a
major criterion)

* Patientsmust have evidence of preceding group A streptococcal infection. Initial acute rheumatic fever
(ARF): 2 major or 1 major plus 2 minor manifestations. Recurrent ARF was defined as an individual hav-
ing either: 1 major manifestation; 1 major manifestation and 2 minor manifestations; or 3 minor mani-
festations. CRP = C-reactive protein; ESR = erythrocyte sedimentation rate.
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predominantly neutrophilic leukocytosis (12.0 μl) without eosino-
philia, normocytic anemia with a hemoglobin level of 9.8 gm/dl,
and thrombocytosis (577 μl). ESR and CRP level were markedly
elevated at 130 mm/hour and >160 mg/liter, respectively. Tropo-
nin I was initially mildly elevated at 0.174 ng/ml (reference range:
0–0.4 ng/ml). B-type natriuretic peptide (BNP) was normal at
88.4 pg/ml (reference range: <100 pg/ml). Complete metabolic
profile, urinalysis, and urine toxicology were normal.

Initial diagnostic studies included an EKG that revealed sinus
tachycardia without ST-segment or T-wave abnormalities and a
normal chest radiograph. TTE demonstrated normal left ventricu-
lar size, thickness, systolic function, and valvular function; how-
ever, focal hypokinesis of the apical lateral wall was noted. The
left ventricular wall motion abnormality was thought to be due to
the patient’s history of postinfectious myopericarditis, although
coronary artery disease could not be excluded.

CASE SUMMARY

A 33-year-old male patient with history of an orchiectomy
performed for suspected testicular malignancy, recently diag-
nosed postinfectious myopericarditis and ARF secondary to
group A β-hemolytic streptococcal pharyngitis, presented with
acute onset exertional chest pain in the setting of a 2-month his-
tory of symmetric nonmigratory polyarthralgias. Night sweats
and episcleritis accompanied his clinical presentation. Evaluation
of his chest pain revealed sinus tachycardia and focal hypokinesis
of the apical lateral wall.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for chest pain and polyarthral-
gias is broad. The patient’s symptoms were initially thought
to be related to the previous streptococcal pharyngitis, but
the differential was expanded further due to the severity of
his chest pain and its association with episcleritis and a pain-
ful testicular mass.

Infectious disorders. Acute rheumatic fever. ARF results
from an autoimmune response triggered by pharyngeal infection
with streptococcus pyogenes, a group A streptococcal species
that induces tissue damage throughmolecular mimicry in suscep-
tible hosts. The primary organs affected by this process are the
joints, heart, brain, and skin. These manifestations are reflected
in the Jones criteria for rheumatic fever (Table 1), with recent mod-
ifications made in 2015 being the first of their kind to acknowledge
differences in presentation between low-risk and moderate-to-
high risk populations. Risk is stratified based on the incidence of
ARF in an individual’s population. Although its incidence has
decreased in developed countries, ARF remains a significant
cause of cardiovascular complications and death in underdevel-
oped countries worldwide. Complication rates tend to be higher
in ethnic minorities, such as in Hispanic and African American
populations (1–3).

Fever and arthritis are the most common presenting symp-
toms of ARF, occurring in 75% and >90% of patients, respec-
tively (1). Arthritis in ARF occurs 2–3 weeks after the inciting
streptococcal infection and primarily affects the large joints in a
migratory, self-limiting pattern (4). Polyarthritis is a major criterion
only for individuals in moderate-to-high risk populations, while
polyarthralgia is a minor criterion for ARF in low-risk populations.
The response to salicylates and nonsteroidal antiinflammatory
drugs (NSAIDs) is significant, and alternative diagnoses should
be sought if substantial improvement in arthritis is not observed
after 48 hours of treatment (5). Extraarticular manifestations
include carditis, chorea, erythema marginatum, and subcutane-
ous nodules.

Cardiac complications may be severe and life-threatening,
necessitating prompt assessment of valvular function with

Table 2. Initial laboratory results*

Variable
Reference
range Result

White blood cells, 1,000/mm3 3.5–11.0 12.0
Hemoglobin, gm/dl 13.5–16.0 9.8
Platelet count, 1,000/mm3 150–400 577
ESR, mm/hour 0–15 130
CRP, mg/liter 0–10 >160
Troponin I, ng/ml 0.006–0.06 0.174
BNP, pg/ml 0–33.3 88.4
ANA Negative Negative
ANCA Negative Negative
Anti-MPO Negative Negative
Anti-PR3 Negative Negative
RF, unit/ml 0–30 <15
ACPA, units 0–20 <20
IgA, mg/dl 80–350 240
Cryoglobulin Negative Negative
Hepatitis B surface antigen Nonreactive Nonreactive
Hepatitis B surface antibody Nonreactive Reactive
Hepatitis B core antibody (IgM) Nonreactive Nonreactive
Hepatitis B core antibody (total) Nonreactive Nonreactive
HCV antibody Nonreactive Nonreactive
HAV IgM antibody Nonreactive Nonreactive
EBV IgM antibody Nonreactive Nonreactive
EBV IgG antibody Nonreactive Nonreactive
Lyme infection (antibody reflex
index)

0.0–0.9 0.48

Babesia microti (DNA/PCR
probe)

Negative Negative

Chlamydia (urine probe) Negative Negative
Gonorrhoeae (urine probe) Negative Negative
ASO titer, international units <200 124
FOBT Negative Positive
AFP, ng/ml <8.3 Undetectable
β-HCG, mIU/ml 0–2 Undetectable

* ACPA = anti–citrullinated peptide antibody; ANA = antinuclear anti-
body; ANCA = antineutrophil cytoplasmic antibody; AFP = alpha feto-
protein; ASO = antistreptolysin O; BNP = brain natriuretic peptide;
CRP = C-reactive protein; EBV = Epstein-Barr virus; ESR = erythrocyte
sedimentation rate; FOBT = fecal occult blood test; HAV = hepatitis
A virus; β-HCG = human chorionic gonadotropin; HCV = hepatitis
C virus; MPO = myeloperoxidase; PCR = polymerase chain reaction;
PR3 = proteinase 3; RF = rheumatoid factor.
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echocardiography in all patients suspected of having ARF.
Carditis, occurring in >50% of patients, is characterized by valvu-
lar dysfunction demonstrated on echocardiogram (1). Echocardi-
ography may detect subclinical valvulitis and its use is
incorporated in the 2015 Jones criteria (6). In the absence of sec-
ondary prevention with penicillin prophylaxis, acute rheumatic
carditis may result in chronic valvular damage, also termed rheu-
matic heart disease. Patients with rheumatic heart disease are at
increased risk for cardiac failure, infective endocarditis, arrhyth-
mias, embolic stroke, and sudden cardiac death (1). NSAIDs
remain the mainstay of treatment for acute rheumatic carditis, as
studies have shown no benefit in the use of glucocorticoids or
intravenous immunoglobulin in the prevention of rheumatic heart
disease (7). Accurate diagnosis and adequate treatment of group
A streptococcal pharyngitis is key to prevent the development
of ARF.

Although the patient was at a low risk for developing ARF,
as it is significantly less common in the US than underdevel-
oped countries, the presence of clinical carditis, polyarthralgia,
fever of ≥38.5�C, and significantly elevated markers of inflam-
mation are sufficient to fulfill the 2015 Jones criteria for rheu-
matic fever and support the diagnosis of ARF in this patient.
The absence of synovitis and lack of improvement in the
patient’s joint symptoms with NSAID therapy, however, contra-
dicts hallmark features of ARF and suggest an alternative cause
for his arthralgias.

Poststreptococcal reactive arthritis. Poststreptococcal reac-
tive arthritis is an arthritis affecting 1 or more joints preceded by
a recent group A streptococcal infection in the absence of other
major Jones criteria for ARF. Although caused by the same path-
ogen, poststreptococcal reactive arthritis and ARF are separate
entities differing in clinical presentation and disease course (8).
The arthritis that is characteristic of poststreptococcal reactive
arthritis develops within 10 days of the antecedent streptococcal
infection, compared to ARF in which the latency period to onset
of arthritis is 2–3 weeks. Patients with poststreptococcal reactive
arthritis experience a symmetric nonmigratory arthritis of the large
and small joints with occasional involvement of the axial skeleton
in a cumulative pattern. Poststreptococcal reactive arthritis
responds poorly to treatment with NSAIDs and may persist for
up to 2 months with high recurrence rates (4,8). Extraarticular
complications of poststreptococcal reactive arthritis include
enthesitis, tenosynovitis, and glomerulonephritis. In contrast to
ARF, the risk of carditis after poststreptococcal reactive arthritis
is low, and multiple studies have suggested there is no increased
risk of carditis in adults after long-term follow-up (8).

The pattern of joint involvement and lack of response to
treatment with NSAIDs in this patient was suggestive of post-
streptococcal reactive arthritis rather than ARF. However, the
presence of carditis negated the possibility of poststreptococcal
reactive arthritis in this patient, as carditis is virtually nonexistent
in poststreptococcal reactive arthritis.

Postviral arthritis. Viral illnesses such as influenza are known
to cause constitutional symptoms, arthralgias, and myalgias.
Additionally, cardiac complications including pericarditis, myocar-
ditis, and myocardial infarction have been described in severe
cases. Cardiac involvement occurs in at least 10% of influenza
cases and may manifest as myocarditis due to direct effects of
the virus on the myocardium. Symptoms of acute viral myocarditis
may not manifest until a week after the onset of the initial influenza
symptoms, and some patients may be asymptomatic. Clinical
cardiac manifestations range from mild chest pain and tachycar-
dia to congestive heart failure and myocardial infarction. Coronary
artery inflammation exacerbates preexisting cardiovascular dis-
ease and can result in myocardial infarction. Higher rates of myo-
cardial infarction have been shown during influenza outbreaks,
accounting for the increase in deaths from cardiovascular causes
seen during influenza epidemics (9–13).

Elevated levels of serum troponin, conduction abnormalities,
and arrhythmias are signs of significant underlying myocardial
damage (12–15). The diagnosis of acute myocarditis relies on
echocardiography to assess the severity of cardiac involvement.
Areas of regional wall motion abnormalities correlate with sections
of inflamed and fibrotic myocardium (16). QRS complex prolonga-
tion and reduced left ventricular ejection fraction on presentation
are poor prognostic signs and indicate risk of progression to ful-
minant myocarditis with increased mortality (17).

Chest pain along with left ventricular wall motion abnormali-
ties on TTE in this patient were thought to be caused by postin-
fectious myopericarditis as he did not have risk factors for
premature coronary artery disease. However, chest pain recurred
despite treatment with high-dose ibuprofen and colchicine.

Rheumatologic/autoimmune disorders. Reactive
arthritis. Reactive arthritis typically affects the axial and/or periph-
eral joints in a monoarticular or oligoarticular pattern. Various
extraarticular manifestations including ocular, skin, and cardiac
involvement can also be seen in reactive arthritis. It is unique
among the spondyloarthropathies because of its causal associa-
tion with an inciting genitourinary or gastrointestinal infection up
to 6 weeks prior to the development of articular symptoms (18).

Reactive arthritis is rare, with men more commonly affected.
Men tend to have a preceding urogenital infection, with peak inci-
dence occurring between 20 to 40 years of age (19). Only about a
third of patients experience the classic triad of large joint oligoar-
thritis, inflammatory eye disease, and urethritis or cervicitis. While
an infectious trigger may not be identified in all individuals with
reactive arthritis, there are specific bacterial species that are
known to cause reactive arthritis. Chlamydia trachomatis is the
most common urogenital infectious agent, while enteric infections
with Salmonella, Shigella, Yersinia, and Campylobacter jejuni can
result in reactive arthritis (18). Symptoms of the triggering infection
may precede the onset of arthritis by 1–3 weeks, and in some
patients, symptoms of infection may precede the onset arthritis
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as long as 6 weeks. The preceding infection may be clinically
silent, and keen clinical acumen is critical for its detection via
appropriate laboratory testing (20).

Extraarticular manifestations of reactive arthritis are com-
mon. Ocular and mucocutaneous involvement have been well
described, whereas cardiac involvement is rare. Conjunctivitis is
seen in up to 50% of individuals with reactive arthritis triggered
by a genitourinary infection and in 75% of patients with a preced-
ing gastrointestinal infection. Anterior uveitis, episcleritis, and ker-
atitis occur less frequently (18,21). Painless penile ulcerations
termed balanitis circinata and cutaneous nodules on the palms
and soles called keratoderma blennorrhagicum are common
mucocutaneous manifestations (18). Cardiac complications are
uncommon, occurring in only 10% of individuals with confirmed
reactive arthritis, with most cardiac manifestations presenting as
late complications over 10 years after diagnosis of reactive arthri-
tis. Aortic root dilatation and aortic valve regurgitation may occur,
with some reports of aortic insufficiency occurring as early as
4 days after the onset of articular symptoms. Pericarditis in reac-
tive arthritis is rare; however, transient pericarditis may occur early
in the disease course (18,22,23).

The presence of episcleritis, arthralgias, and testicular pain in
this patient resembles the classic triad of conjunctivitis, arthritis,
and urethritis in reactive arthritis; however, the lack of synovitis
or joint effusions and the testicular mass identified in our patient
is atypical for reactive arthritis. Screening for Chlamydia infection
through urine PCRwas negative. A positive fecal occult blood test
in the absence of diarrhea or melena was thought unlikely to be
secondary to a gastrointestinal infection, thus stool cultures were
not obtained. Although our patient did have evidence of strepto-
coccal and influenza infections, these pathogens were not identi-
fied as triggers of reactive arthritis.

Rheumatoid arthritis (RA). While the patient did not present
with synovitis, his history of debilitating polyarthralgias with pro-
longed stiffness was a compelling cause for an inflammatory pro-
cess such as RA. This is an important differential to consider in
this patient because of the many cardiac complications of RA
including vascular, pericardial, myocardial, and valvular disease.
Ischemic heart disease greatly contributes to the increased mor-
tality in RA (24). Coronary vasculitis is a much less common vas-
cular manifestation but can also result from the chronic
inflammatory process (25).

Pericarditis is the most common cardiac manifestation of RA
and may precede articular involvement in some cases. Most
patients are asymptomatic, as less than 10% will have clinical
manifestations of pericarditis. Male individuals with seropositive
and severely destructive disease are most commonly affected.
Pericardial involvement may be severe, resulting in constrictive
pericarditis and rapidly progressive effusive pericarditis, which
contributes to the cardiac-related mortality observed in RA.
Cardiomyopathy due to diffuse granulomatous or necrotizing
myocarditis is found in up to 30% of RA patients postmortem (26).

The ocular manifestations of RA such as episcleritis and
scleritis are important to consider in this patient, as the bilateral
conjunctival injection observed in this patient may reflect an
underlying systemic inflammatory process. Episcleritis is fre-
quently caused by dry eye syndrome, which is the most common
ocular manifestation of RA and presents with painless eye red-
ness. In contrast, scleritis presents with severe pain worsened
by eye movement associated with photophobia (27). Persistent
bilateral eye redness without pain or change in vision in this
patient was characteristic of episcleritis and prompted urgent
ophthalmologic evaluation to exclude signs of scleritis.

Systemic lupus erythematosus (SLE). Similar to RA, SLE can
present with a multitude of extraarticular manifestations, including
cardiac and ocular involvement. Ocular involvement occurs in up
to one-third of SLE patients and may be a presenting feature of
the disease. Nearly any part of the eye can be involved, with kera-
toconjunctivitis sicca being the most common manifestation and
retinal involvement conferring the greatest threat to vision (28).
Similar to its extensive eye involvement, SLE has a variety of car-
diac manifestations and can affect the pericardium, myocardium,
conduction system, valves, and coronary arteries. Pericarditis
occurs in 25% of patients during their disease course and is the
most common cardiac manifestation of SLE (29). The constella-
tion of fever, arthralgias, episcleritis, and myopericarditis made
SLE a reasonable diagnosis to consider in this patient; however,
the patient was negative for antinuclear antibodies (ANAs) on
immunofluorescence analysis, making a diagnosis of SLE less
likely.

Vasculitis. Cardiac, musculoskeletal, and ocular symptoms
are potential features of the small, medium, and large vessel vas-
culitides that were also considered in this patient. Nonspecific
symptoms of fever, arthralgias, and myalgias observed in this
patient are also commonly seen in vasculitis regardless of the ves-
sel size affected.

Granulomatosis with polyangiitis (GPA), microscopic polyan-
giitis (MPA), and eosinophilic GPA have various manifestations
that mirrored the presentation of the patient. While the upper
respiratory tract, lungs, and kidneys are the areas of the body
most commonly affected by GPA, cardiac involvement is rare
and has been reported in only 3–5% of patients. Symmetric poly-
arthralgias affecting large and small joints are common in
GPA (30,31).

Asthma and eosinophilia are key findings in eosinophilic
GPA, which typically manifests with sinusitis, transient pulmo-
nary infiltrates, and peripheral neuropathy (32). Cardiac involve-
ment has been reported in 27% of patients and may be
subclinical. Pericarditis and cardiomyopathy are the most com-
mon cardiac manifestations, occurring in about 15% of individ-
uals with eosinophilic GPA. Cardiovascular disease is more
common among those who are negative for antineutrophil cyto-
plasmic antibodies (ANCAs) and confers a poor prognosis.
Fever and arthralgias are reported in 30–40% of GPA patients,
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whereas eye involvement is much less common (33). The most
common manifestations of MPA are constitutional symptoms
that can be present for months to years prior to a confirmed
diagnosis of MPA. The prevalence of cardiac involvement in
MPA is similar to that of GPA, and arthralgias can occur in 50%
of individuals with MPA (34).

Polyarteritis nodosa (PAN) is an ANCA-negative necrotizing
vasculitis that involves small to medium-sized arteries in nearly
any organ system, which can be challenging to diagnose. Con-
stitutional symptoms, neuropathy, and arthralgias are the most
common manifestations of PAN followed by cutaneous, renal,
and gastrointestinal involvement. The cardiovascular system is
affected in 10% of individuals with PAN, with cardiomyopathy
and pericarditis being the most common sequelae. Orchitis,
characterized as painful testicular swelling, is a unique feature
reported in 20% of PAN patients that, if present, raises the clini-
cal suspicion for PAN (35). The presentation of this may be
explained by PAN; however, this patient did not have other sys-
temic features of PAN, such as peripheral nervous system, skin,
renal, or gastrointestinal involvement. Additionally, CT angiogra-
phy of the chest was negative for any angiographic features con-
sistent with PAN. Malignancy was thought to be the most likely
cause of this patient’s testicular mass, which prompted urgent
orchiectomy.

Deficiency of adenosine deaminase 2 (DADA2), an autoso-
mal and recessive autoinflammatory syndrome once thought to
be a disease primarily observed in children, is important to con-
sider in this patient as it is characterized by vasculitic features
that mimic PAN. The prevalence of DADA2 among adult patients
with presumed idiopathic, hepatitis B virus–negative PAN has
been reported to be 6.8% (36). As it can be difficult to distinguish
the clinical manifestations of DADA2 from PAN, screening for
DADA2 through genetic testing may be considered in individuals
with idiopathic PAN. Distinguishing between the 2 conditions
has implications on treatment, as tumor necrosis factor inhibi-
tors are the therapy of choice for the vasculitis caused by
DADA2 (37).

In a study of 33 individuals with DADA2, nervous system
involvement was the most common manifestation with a preva-
lence of 78%, and ~55% of patients experienced either an ische-
mic or hemorrhage stroke. Cutaneous and constitutional
manifestations followed, affecting 73% and 55% of patients,
respectively. Arthritis and arthralgias were present in 30%, and
18% of patients presented with ocular manifestations. Seventy
percent of the patients were men, and of those, 17% presented
with testicular pain. Focal myocarditis was found in 1 patient and
has not been previously described in DADA2. Forty-eight percent
of these individuals were identified during adulthood, bringing to
light the importance of recognizing adult-onset DADA2 (37).

In adults, involvement of the central nervous system (CNS) is
a critical feature distinguishing DADA2 from PAN (37). The
absence of CNS involvement in this patient is not uncommon in

PAN as less than 5% of patients with adult-onset PAN present
with stroke or other CNS manifestations (35). The possibility of
DADA2 in this patient was thought to be less likely than idiopathic
PAN because of the lack of CNS involvement.

Malignancy. A critical and unusual component of the
patient’s history is the hypervascular testicular mass that pre-
sented as an acutely painful testicular lump, prompting an urgent
orchiectomy 1 week prior to the current admission. Malignancy
was highly suspected, and a paraneoplastic syndrome could
explain the constitutional symptoms, chest pain, and arthralgias
endorsed by this patient. Paraneoplastic syndromes preceding
the diagnosis of solid tumors can mimic a variety of rheumato-
logic conditions, such as RA, SLE, vasculitis, scleroderma, and
polymyalgia rheumatica. Systemic symptoms typically resolve
after surgical resection of the tumor (38). The pathogenesis of
paraneoplastic rheumatic disorders is not fully understood.
There may be a common underlying trigger, such as a viral infec-
tion, for both the malignancy and the paraneoplastic syndrome,
which is a possibility in this patient given the recent influenza
infection prior to presentation to the emergency department.

Alternatively, the tumor itself may produce toxins and anti-
gens that directly stimulate autoimmunity through molecular mim-
icry. A multitude of tissue-specific antigens are found in patients
with paraneoplastic rheumatic disorders, supporting the notion
of malignancy-induced molecular mimicry (39). Paraneoplastic
rheumatic disorders may be clinically indistinguishable from true
rheumatologic conditions, and experience is limited to single case
reports or small case studies (38). If secondary to malignancy, this
patient’s symptoms would have been expected to improve after
orchiectomy, but his symptoms worsened, prompting the need
for hospital admission and making a paraneoplastic syndrome a
less likely cause for his symptoms.

CLINICAL COURSE

During the patient’s hospitalization, he underwent an unre-
vealing infectious disease evaluation and had negative findings
for HIV, viral hepatitis, and Lyme disease testing (Table 2). Urine
PCR testing for Chlamydia and gonorrhea was negative. Rheu-
matologic evaluation included ANCAs, myeloperoxidase and pro-
teinase 3 antibodies, ANAs, rheumatoid factor, anti–cyclic
peptide antibodies, and cryoglobulins, which had negative
results. Complement and IgA levels were normal. Additionally,
fecal occult blood testing was positive, but the patient had no
other gastrointestinal symptoms or signs of bleeding. He under-
went cardiac magnetic resonance imaging (MRI), which revealed
edema and patchy delayed enhancement in the basal anterosep-
tal segment, mid-cavity anterolateral segment, and apical lateral
segment suggestive of myonecrosis (Figure 1).

Within 24 hours of hospital admission, the patient devel-
oped recurrent chest pain with significant shortness of breath.
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Repeat EKG showed new atrial fibrillation with rapid ventricular
response, heart rate of 121 beats per minute, and ST-segment
elevation in leads V2–V6, indicating anterolateral ischemia.
Serum troponin levels rose from 0.174 ng/ml to 6.036 ng/ml
within 6 hours of hospitalization and peaked at a level of
10.503 ng/ml, 12 hours after hospital admission. Level of BNP
rose from 88.4 pg/ml to 325.3 pg/ml, and a repeat radiograph
of the chest revealed pulmonary edema. Urgent bedside TTE
showed new left ventricular dysfunction with reduced ejection
fraction of 35% and more extensive regional wall motion abnor-
malities compared to the study on admission. Valvular function
was not adequately assessed due to the urgency of the
examination.

These findings prompted an urgent left-sided heart cathe-
terization, which revealed thrombotic occlusion of the distal left
anterior descending artery with diffuse distal disease of the diag-
onal vessels, thrombotic distal occlusion of the first obtuse mar-
ginal branch, and distal narrowing of the right coronary artery
(Figure 2). The proximal left anterior descending, left circumflex,
and right coronary arteries were diffusely ectatic. The distal left
anterior descending and first obtuse marginal arteries were
completely occluded and required balloon angioplasty with
thrombectomy. A bare metal stent was placed in the distal left

anterior descending artery without residual stenosis. Cardiac
symptoms subsequently resolved in the patient, and EKG
returned to showing a normal sinus rhythm.

During the patient’s hospital stay, pathologic testing results
on specimens obtained from an orchiectomy revealed vasculitis
affecting multiple small to medium-sized arteries with focal fibri-
noid necrosis of the medial wall associated with intimal fibrosis.
Areas of infarction with extensive recent hemorrhage and necrotic
seminiferous tubules were also present. Testicular ultrasound and
histologic evaluation are depicted in Figure 3.

An esophagogastroduodenoscopy with duodenal biopsies
and colonoscopy were performed in the setting of positive fecal
occult blood test, which were negative for signs of vasculitis. CT
angiograms of the chest, abdomen, and pelvis were done to eval-
uate for other vessel involvement and were normal. A diagnosis of
PAN was made based on the patient’s clinical manifestations,
negative results on serologic testing, and necrosis involving small
and medium-sized arteries on testicular pathologic testing. The
patient presented with myopericarditis and was later found to
have PAN with associated acute myocardial infarction and
cardiomyopathy.

He received induction therapy with 1,000 mg per day of
pulse-dose glucocorticoids for a total of 3 days plus intermittent

Figure 1. Cardiac magnetic resonance imaging revealed patchy delayed gadolinium enhancement (arrow) in the basal anteroseptal, mid-cavity
anterolateral, and apical lateral segments.
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intravenous cyclophosphamide (CYC), which was continued
monthly for 6 months while tapering steroids. He was transitioned
to receiving maintenance therapy with azathioprine for an addi-
tional 12 months. The patient was remarkably well following com-
pletion of treatment, with complete resolution of his symptoms
and normalization of markers of inflammation. His physical condi-
tion continued to improve with intensive cardiac rehabilitation.
Unfortunately, ejection fraction did not improve in this patient,

and frequent ventricular ectopy was noted on Holter monitoring,
prompting placement of an implantable cardioverter-defibrillator.

DISCUSSION

PAN is a systemic necrotizing vasculitis affecting small to
medium-sized muscular arteries with the potential to affect nearly
every organ system, resulting in a myriad of clinical presentations.
PAN is rare, occurring in ~4 per 100,000 individuals annually in
the US. It predominantly affects men ages 35–65 years, with peak
incidence in the sixth decade of life. Hepatitis B virus was once the
cause of 30% of all PAN cases and is currently estimated to be
responsible for less than 8% due to widespread vaccination
efforts (40,41).

PAN and ANCA-associated vasculitis (AAV) may have similar
presentations; however, they are clinically and pathologically dis-
tinct. The absence of ANCAs is a distinguishing feature between
PAN and AAV. Additionally, the absence of vasculitis in arterioles,
venules, and capillaries further separates PAN from MPA, as
involvement of microscopic vessels is a criterion for MPA
(42,43). The necrotizing vasculitis seen in PAN is likely a result of
dysregulation of both the innate and adaptive immune systems.
The well-known association between streptococcal infection and
cutaneous PAN suggests that dendritic cells and the innate
immune response have a role in this disease process. Immune
complex deposition is unique in the pathophysiology of hepatitis
B virus–related PAN, the treatment of which may involve plasma-
pheresis to clear the immune complexes in individuals with severe
cases of PAN, and antiviral medications targeting hepatitis B virus
(44). In addition to streptococcal species and hepatitis B virus,
many other organisms have been linked to PAN, suggesting an

Figure 3. Power Doppler ultrasound of the left testes. A, Hypervascular mass in the testicular lower lobe measuring 7 × 5 mm (cross points)
surrounded by a hypoechoic rim (solid arrow). B, Histologic section of the testes stained with hematoxylin and eosin showing transmural inflam-
mation (solid arrow) of medium to small-sized arteries associated with fibrinoid necrosis (broken arrow) and intimal fibrosis. Original magnifica-
tion × 100.

Figure 2. Left-sided heart catheterization showing complete occlu-
sion of the distal left anterior descending artery (solid arrow) and dis-
tal first obtuse marginal branch (broken arrow).
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infectious trigger; however, evidence for causal relationships is
lacking (45–47).

Segmental, transmural, nongranulomatous inflammation
within small to medium-sized muscular arteries is histologically
characteristic of PAN. Inflammation originates in the intimal arterial
layer and may progress to the internal and external elastic lamina
resulting in aneurysmal formation, increasing the risk for hemor-
rhage. Tissue ischemia and infarction may result from thrombi for-
mation and progressive arterial obstruction, which can occur in
virtually any organ (48,49).

The clinical manifestations of PAN are vast, as it can affect
nearly every organ system. Its tendency to spare the lungs is a
unique feature that further distinguishes PAN from AAV. PAN is
usually systemic, but isolated involvement in a single organ can
occur, such as in the eyes, skin, gastrointestinal tract, or testes.
Constitutional symptoms, mononeuritis multiplex, and arthralgias
are among the most common presenting features of PAN. Acute
renal failure with secondary hypertension occurs in up to 50% of
individuals with PAN. Small bowel ischemia and infarction may
result from gastrointestinal involvement, which is seen less fre-
quently, but can result in fatal complications (35). In addition to
constitutional symptoms and arthralgias, the patient’s unique
constellation of clinical manifestations included episcleritis, orchi-
tis, myopericarditis, and myocardial infarction with evidence of
coronary artery vasculitis.

Up to 20% of patients with PAN will experience ocular
involvement, which can occur in the anterior or posterior cham-
bers with varying degrees of severity. Scleral inflammation ranging
from episcleritis to necrotizing scleritis and peripheral ulcerative
keratitis are possible sequelae of anterior chamber involvement
andmay be the presenting manifestations of PAN. Retinal disease
such as hypertensive retinopathy, arteriolar occlusive disease, or
exudative retinal detachment and choroidal ischemia are potential
consequences of posterior chamber involvement (50,51). Inci-
dences of isolated ocular involvement have been reported (52).
The patient experienced painless eye redness without change in
vision, which is characteristic of episcleritis.

Testicular pain as a presenting feature of PAN is rare, and
testicular symptoms are most often associated with signs of mul-
tisystem involvement (53–61). Many instances of testicular
involvement in PAN are asymptomatic (62). Autopsy studies show
a striking 86% of patients with PAN had involvement of the testes,
with only 18% of these patients having experienced testicular pain
(63,64). As in this patient, testicular PAN often presents with non-
specific symptoms of pain, swelling, and a palpable mass, making
it difficult to differentiate from infection, torsion, and malignancy.
Ultrasound cannot reliably distinguish vasculitis from a testicular
tumor as both conditions may appear as a hypervascular, hypoe-
choic mass. In these individuals, the diagnosis of PAN is often
made by radical orchiectomy, although testicular biopsy is suffi-
cient for a tissue diagnosis. Sometimes, this disease remains iso-
lated to the testes, although this is very rare and investigations for

signs of systemic involvement should be performed (61). Orchiec-
tomy is usually sufficient for the treatment of isolated testicular
PAN, which carries a more favorable prognosis than systemic dis-
ease. Rarely, aggressive isolated testicular involvement results in
extensive necrosis requiring systemic immunosuppressive ther-
apy (65).

Cardiac complications have been reported in 10–20% of
patients with PAN, and may manifest as pericarditis, hyperten-
sion, new onset heart failure, or acute myocardial infarction (35).
Myocardial infarction is a rare complication occurring in 2% of
patients, whereas congestive heart failure and hypertension are
seen more frequently (66). The incidence of acute myocardial
infarction in young men with PAN ages 18–44 years is estimated
to be 268 per 10,000 patient-years, which is substantially
higher than that of healthy men in the same age group (67).
Patients typically present with ischemic cardiac symptoms, which
in the presence of elevated markers of inflammation, cons-
titutional symptoms, and new-onset hypertension, raise the
suspicion for coronary vasculitis. Findings on invasive coronary
angiography are not diagnostic, but can be suggestive of PAN,
such as multifocal aneurysms with a “beads on a string” or nodu-
lar appearance (68). Coronary nodules visible to the naked eye
were described by Kussmaul and Maier in the autopsy report
of the first patient diagnosed as having PAN and have since
become a hallmark of the disease (69).

While coronary aneurysms are more suggestive of PAN,
most patients have only occlusive disease on angiography
(70). The left anterior descending branch is most commonly
affected, followed by the right coronary and left circumflex arter-
ies (71). Coronary artery occlusion is a consequence of intimal
proliferation, fibrosis, and thrombus formation in the setting of
a profound inflammatory response, which may ultimately result
in myocardial tissue infarction (72). Significant coronary artery
stenosis in patients younger than 40 years without cardiac
risk factors necessitates further evaluation for a systemic vascu-
litis. Vessel tortuosity, irregular stenosis, and tapered smooth
narrowing of the coronaries on angiography are additional fea-
tures suggestive of coronary vasculitis. However, these features
are not specific for vasculitis as they can also be seen in fibro-
muscular dysplasia, a noninflammatory vasculopathy (73).
Inflammation or thickening of the vessel wall is more suggestive
of vasculitis, although conventional angiography is limited in the
ability to evaluate the arterial walls (69). Multimodality imaging of
coronary arteries with CT or MR angiography and cardiac MRI
allows for high-resolution visualization of the vessel walls and
are key in the evaluation of coronary vasculitis (74).

Positron emission tomography (PET) is less sensitive for
detecting inflammation in the small coronary arteries than the
large vessels such as the aorta and its first-order branches (69).
Circumferential increase in metabolic activity within the coronary
arteries is suggestive of vasculitis and may be present prior to
the structural vessel changes detected by noninvasive
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angiography. However, it is difficult to distinguish vasculitis from
atherosclerotic disease by PET imaging alone, which is a limiting
factor in its utility for the evaluation of coronary vasculitis (74).

Myocardial perfusion studies have this limitation as well but
can be used to determine the benefits of bypass grafting and in
planning the arteries that should be targeted rather than for diag-
nostic purposes (69). The optimal timing and method for revascu-
larization in coronary vasculitis are unclear and should be tailored
to each patient based on the location and extent of involvement.
Complications or revisions are common in patients who receive
surgical intervention while the underlying vasculitis remains active
(75). When percutaneous coronary intervention is necessary,
drug-eluting stents are preferred over bare metal stents as they
confer a lower risk of restenosis (76). Regardless of the method
of coronary intervention, treatment of the underlying systemic
vasculitis is essential (69).

The immunosuppressive agents used and duration of treat-
ment depends on the severity of the disease, which is stratified
using the Five-Factor Score (FFS) established by the French Vas-
culitis Study Group. The 5 parameters included in the FFS are
predictive of poorer clinical outcome and mortality for patients
with PAN. These 5 factors are as follows: a serum creatinine level
of >1.58 mg/dl, proteinuria of >1 gm/dl, gastrointestinal involve-
ment, cardiomyopathy, and CNS involvement. A score of 0 indi-
cates non-severe PAN and portends a 12% 5-year mortality rate
(77). Long-term survival is excellent for non-severe PAN, with
5-year and 8-year survival rates of 93% and 86%, respectively
(78). Some patients with an FFS of 0 will achieve remission after
induction with glucocorticoid therapy alone; however, relapses
in disease activity can occur in 40–50% of patients, requiring
additional immunosuppressive therapy. Current guidelines rec-
ommend the use of azathioprine or methotrexate with glucocorti-
coids for the initial treatment of non-severe PAN. Individuals with
non-severe PAN with symptoms that have evolved into severe
disease despite initial therapy should be treated with CYC (79).
An FFS of ≥1 indicates severe PAN, with 5-year mortality rates of
26% and 46% for individuals with an FFS of 1 and those with an
FFS of >2, respectively (77).

A more aggressive regimen for induction of remission is
required in patients with severe PAN. The addition of CYC to glu-
cocorticoids improves overall mortality and has become the stan-
dard of care (80). Intravenous CYC given as intermittent pulse-
therapy is equivalent in efficacy to the oral regimen but has fewer
adverse effects (77,81). Prolonging the duration of CYC induction
from 6 months to 12 months improves short-term relapse-free
and disease-free survival rates up to 3 years; however, this
advantage progressively declines and becomes nonsignificant
by 10 years. The initiation of effective maintenance therapy after
remission has been achieved, rather than the intensity of CYC
induction therapy, is key for improving long-term outcomes (82).
Either azathioprine or methotrexate is used for an additional
12 months as maintenance therapy for severe PAN. Both agents

are equally effective and less toxic than CYC therapy (83–85).
The presence of cardiomyopathy indicated severe disease in the
patient discussed in this work, who had an FFS of 1 and received
induction therapy with pulse-dose glucocorticoids plus intermit-
tent intravenous CYC. Rituximab may also be effective in the
treatment of severe refractory PAN based on success in individual
patients, although more studies are needed to understand its role
in the management of PAN (86,87).

This work illustrates the evolution of a complex disease with
various manifestations. Anchoring to a diagnosis based on non-
specific features, such as arthralgias and fever, should be
avoided, and a broad differential should always be kept in mind.
Continued reevaluation of information that becomes available
throughout diagnostic evaluation is of paramount importance.
Complex conditions such as PAN evolve over time, with specific
features emerging over the natural course of the disease. In this
patient, chest discomfort and testicular pain cast the arthralgias
and constitutional symptoms experienced by the patient in a dif-
ferent light. The angiographic findings suggestive of coronary vas-
culitis, and biopsy-proven vasculitis of small to medium-sized
testicular arteries led to the specific diagnosis of PAN, which
enabled the patient to receive the appropriate treatment for his
underlying disease. As illustrated by this work, cardiac involve-
ment in PAN can be difficult to detect, and a delay in its diagnosis
can lead to life-threatening complications. Monitoring for cardiac
manifestations of PAN early in the disease course will allow
patients to receive the appropriate treatment, thereby increasing
their chances of survival.

FINAL DIAGNOSIS

Polyarteritis nodosa with coronary and testicular vasculitis.
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Toward Individualized Prediction of Response to
Methotrexate in Early Rheumatoid Arthritis: A
Pharmacogenomics-Driven Machine Learning Approach

Elena Myasoedova,1 Arjun P. Athreya,1 Cynthia S. Crowson,1 John M. Davis III,1 Kenneth J. Warrington,1

Robert C. Walchak,1 Erin Carlson,1 Krishna R. Kalari,1 Tim Bongartz,2 Paul P. Tak,3 Ronald F. van Vollenhoven,4

Leonid Padyukov,5 Paul Emery,6 Ann Morgan,6 Liewei Wang,1 Richard M. Weinshilboum,1

and Eric L. Matteson,1 on behalf of the Pharmacogenetics of Methotrexate in Rheumatoid Arthritis Consortium

Objective. To test the ability of machine learning (ML) approaches with clinical and genomic biomarkers to predict
methotrexate treatment response in patients with early rheumatoid arthritis (RA).

Methods. Demographic, clinical, and genomic data from 643 patients of European ancestry with early RA (mean
age 54 years; 70% female) subdivided into a training (n = 336) and validation cohort (n = 307) were used. The genomic
data comprised 160 single-nucleotide polymorphisms (SNPs) previously associated with RA or methotrexate metabo-
lism. Response to methotrexate monotherapy was defined as good or moderate by the European Alliance of Associa-
tions for Rheumatology (EULAR) response criteria at the 3-month follow-up. Supervised ML methods were trained with
5 repeats and 10-fold cross-validation using the training cohort. Prediction performance was validated in the indepen-
dent validation cohort.

Results. Supervised MLmethods combining age, sex, smoking, rheumatoid factor, baseline Disease Activity Score
in 28 joints (DAS28) scores and 160 SNPs predicted EULAR response at 3 months with the area under the receiver
operating curve of 0.84 (P = 0.05) in the training cohort and achieved a prediction accuracy of 76% (P = 0.05) in the val-
idation cohort (sensitivity 72%, specificity 77%). Intergenic SNPs rs12446816, rs13385025, rs113798271, and ATIC
(rs2372536) had variable importance above 60.0 and along with baseline DAS28 scores were among the top predictors
of methotrexate response.

Conclusion. Pharmacogenomic biomarkers combined with baseline DAS28 scores can be useful in predicting
response to methotrexate in patients with early RA. Applying ML to predict treatment response holds promise for guid-
ing effective RA treatment choices, including timely escalation of RA therapies.

INTRODUCTION

A treat-to-target approach is a cornerstone of current

American College of Rheumatology (ACR) and European Alliance

of Associations for Rheumatology (EULAR) guidelines for treat-

ment of rheumatoid arthritis (RA), which are aimed at achieving

remission or low disease activity to combat the adverse outcomes

in RA (1,2). Despite the growing armamentarium of RA therapeu-

tics, methotrexate remains the preferred initial disease-modifying

antirheumatic drug for RA (1).
While for many patients, methotrexate is the only drug

needed to control RA disease activity, 30–40% of patients are
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nonresponders to methotrexate, and >50% of patients discon-

tinue methotrexate within 3–5 years due to nonresponse or side

effects (3). Composite measures of RA disease activity (i.e., the

Disease Activity Score in 28 joints [DAS28] and instruments incor-

porating change in DAS28 scores over time, in addition to an

absolute level of DAS28 score [i.e., the EULAR response criteria])

have been validated for measuring treatment efficacy in RA and

reflect a clinically meaningful target of reaching low disease activ-

ity or remission (4–6). A 3- to 6-month trial of methotrexate treat-

ment is generally recommended before a decision is made

regarding its effectiveness (1). Predicting response to methotrex-

ate early (i.e., at 3-month follow-up) would inform timely escalation

of treatment for improved control of RA disease activity, avoiding

unnecessary risk of methotrexate-related side effects in early

RA. Clinically useful predictive algorithm(s) effectively identifying

patients with early RA who are likely to respond to methotrexate

are lacking.
Baseline clinical predictors can reliably identify only a small

proportion of patients with RA at high risk of treatment failure,
which is insufficient to individualize treatment decisions early in

the disease course (7). Importance of genetic factors in the pre-
disposition to RA and their contribution to high interpersonal het-
erogeneity of clinical presentation and response to treatments,
such as methotrexate, suggest that addition of genetic markers
may aid in personalized prediction of methotrexate efficacy. While
research in this area is scarce, small studies have shown that
response to methotrexate can be predicted with a clinical phar-
macogenetic model, although these results have not been exter-
nally replicated (8,9).

We aimed to develop a predictive algorithm for a response to
methotrexate based on sociodemographic, clinical, serologic,
and genomic data from patients with early RA using machine
learning (ML) methods. We hypothesized that clinical and socio-
demographic factors augmented with genomic biomarkers can
achieve cross-site replication in prediction of response to metho-
trexate therapy using the EULAR criteria.

MATERIALS AND METHODS

Patient population and data source. We leveraged
data from our established collaboration between the Mayo Clinic
and the Pharmacogenetics of Methotrexate in Rheumatoid Arthri-
tis (PAMERA) Consortium (10). Data were available on patients
with early RA (<12 months) who met the ACR 1987 criteria for
RA (11) and had information on age, sex, race, ever smoking,
positivity for rheumatoid factor (RF) and antibodies against cyclic
citrullinated peptides (anti-CCP), DAS28 scores using the erythro-
cyte sedimentation rate (ESR) and/or C-reactive protein (CRP)
level at baseline and 3 months of treatment, as well as
genomic data.

The genome-wide association study (GWAS) single-
nucleotide polymorphism (SNP) genotyping was performed at
RIKEN, Japan, as previously described, using the Human Omni
Express + Exome (Illumina) (8). A total of 653,711 SNPs passed
the quality control (excluded chromosome Y, mitochondrial
DNA, unplaced SNPs, failed SNPs, and SNPs with minor allele

SIGNIFICANCE & INNOVATIONS
• Informative predictors of response to treatment

with methotrexate in patients with early rheuma-
toid arthritis (RA) are lacking.

• This study is one of the first to apply machine learn-
ing methods integrating clinical and genomic data
for individualized prediction of response to metho-
trexate in patients with early RA.

• Pharmacogenomics biomarkers combined with
baseline Disease Activity Score in 28 joints scores
predicted response to methotrexate in patients
with early RA more reliably than clinical data alone,
with replication in the independent validation
cohort.

Figure 1. Machine learning strategy. PAMERA = Pharmacogenetics of Methotrexate in Rheumatoid Arthritis Consortium; SMOTE = synthetic
minority oversampling technique.
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frequency <0.01). The genomic data comprised numeric geno-
types of the 160 SNPs associated with risk of RA and methotrex-
ate metabolism identified during this GWAS, with addition of
SNPs that were found significant in studies by other groups (see
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24834/
abstract). Of them, 35 SNPs were observed, i.e., directly genotyped
in our genome-wide PAMERA study (8); 108 SNPs had an imputa-
tion quality R2 of ≥0.7. Genotypes were imputed using EZimputer
(http://bioinformaticstools.mayo.edu/research/ezimputer/) with the
1,000 genomes phase 1 cosmopolitan reference panel (EZImputer
uses impute2). For SNPs that were not found in our database, we
selected the SNPs that had the highest linkage disequilibrium
(LD) and were within 200 kb of the original SNP, using the
Ensembl LD calculator at http://grch37.ensembl.org/Homo_
sapiens/Tools/LD (see Supplementary Table 2, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24834/abstract). The LD R2 for those
SNPs was between 0.53 and 1.0. D0 was between 0.92 and
1.0. Data analysis was done using NCBI build 37.

All patients were treatment naive, initiated on methotrexate
monotherapy at baseline, and completed a 3-month course of
methotrexate (oral or subcutaneous). Those who were taking glu-
cocorticoids with a prednisone equivalent dose of ≥15 mg/day at
3 months were excluded. Of the initial sample of 763 patients,
patients who were lost to follow-up (n = 71), who did not have
clinical data (n = 16), and who were not taking methotrexate at
3 months (n = 33) were excluded, resulting in 643 patients who
were included in the study.

Clinical outcomes and definition of response.
Responders to methotrexate monotherapy were defined as
patients who were on methotrexate at 3-month follow-up and
had good or moderate response by the EULAR response criteria
at 3 months (5). The following cutoffs were used: good response
(a DAS28 score of <3.2 at 3 months, decreased by >1.2 from
baseline) and moderate response (a DAS28 score <3.2 and a
decrease >0.6 and <1.2, or a DAS28 score >3.2 but ≤5.1 plus a
decrease >0.6, or a DAS28 score >5.1 and a decrease >1.2).
Nonresponders were defined as patients who were treated with

Table 1. Patient characteristics*

Variable
UK Other Europe Overall

(n = 336) (n = 307) (n = 643)

Age, mean � SD 58.6 � 13.1 53.4 � 13.8 56.1 � 13.7
Sex, female 239 (71.1) 219 (71.3) 458 (71.2)
Race
Black 4 (1.2) 4 (1.3) 8 (1.2)
White 332 (98.8) 299 (97.4) 631 (98.1)
Other 0 (0.0) 4 (1.3) 4 (0.6)

Time from baseline to follow-up, days 108.1 (30.3) 113.2 (28.9) 110.5 (29.7)
Smoking, ever 204 (60.7) 181 (59.0) 385 (59.9)
Rheumatoid factor positive 233 (71.9) 198 (65.3) 431 (68.7)
Missing, no. 12 4 16

Antibodies against cyclic citrullinated peptide 150 (66.4) 177 (58.6) 327 (61.9)
Missing, no. 110 5 115

Baseline characteristics
DAS28 score, mean � SD 5.6 � 1.4 5.7 � 1.1 5.6 � 1.3
Methotrexate dose, mg/week for each dose
Missing, no. 0 2 2
<15 335 (99.7) 294 (96.4) 629 (98.1)
≥15 1 (0.3) 11 (3.6) 12 (1.9)

Characteristics at 3-month follow-up
DAS28 score, mean � SD 4.4 � 1.6 4.0 � 1.4 4.2 � 1.5
Methotrexate dose, mg/week for each dose
<15 89 (26.4) 15 (4.9) 104 (16.1)
≥15 247 (73.6) 292 (95.1) 539 (83.9)
Prednisone use ever during the study 65 (19.3) 38 (12.4) 103 (16.0)
EULAR response 185 (55.1) 221 (72.0) 406 (63.1)
Categories of EULAR response
Good 68 (20.2) 83 (27.0) 151 (23.5)
Moderate 117 (34.8) 138 (45.0) 255 (39.7)
None 125 (37.2) 85 (27.7) 210 (32.7)
Worsening 26 (7.7) 1 (0.3) 27 (4.2)

ACR/EULAR Boolean remission† 16 (5.0) 27 (8.8) 43 (6.9)
Remission defined as a DAS28 score of <2.6 49 (14.6) 61 (19.9) 110 (17.1)

* Values are the number (%) unless indicated otherwise. ACR = American College of Rheumatology; DAS28 = Dis-
ease Activity Score in 28 joints; EULAR = European Alliance of Associations for Rheumatology.
† Remission defined as a tender joint count of ≤1, swollen joint count of ≤1, C-reactive protein level of ≤10, and
patient global assessment of disease activity of ≤10.
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methotrexate for 3 months but showed no response by the
EULAR response criteria at 3 months.

To develop and validate the prediction models, all patients
(n = 643) were subdivided into a training cohort, including
patients from Yorkshire, UK (n = 336) as the largest single-site
sample, and a validation cohort of patients recruited elsewhere
across Europe (n = 307), i.e., Sweden (n = 267), and The
Netherlands (n = 40).

Statistical methods. Data on baseline RA activity and
sociodemographic, clinical, and genomic data were used to pre-
dict response to methotrexate treatment. Binary outcomes of
response (i.e., good or moderate response by EULAR criteria)
versus nonresponse at 3 months were used. Random forests
(randomForest R library) were used because of their mathematical
ability to handle discrete data (e.g., genotypes) and correlated
predictor variables. Random forests also grow multiple decision
trees, with the difference that they use samples of data and sub-
sets of the covariates to avoid overfitting. These flexible
approaches can capture latent traits and have demonstrated
robust predictive capabilities in several clinical applications (12).

The ML strategy is shown in Figure 1. To minimize the effects
of overfitting, information leak, and to use all training data, nested
cross-validation (nested CV) with 5 repeats was used to train the
classifiers by tuning model hyperparameters, which maximizes
the area under the receiver operating curve (13). A new random
split of data was created in each repeat, and the nested CV com-
prised an outer loop and an inner loop. The outer loop uses 5-fold
cross-validation to split the data into training data (80% of the
data) and validation data (the remaining 20%). The inner loop uses
the training data to train the classifier with 10-fold cross-valida-
tion, and the trained classifier is tested on the validation data. To
minimize the effects of class imbalance (i.e., unequal numbers of
responders [60%] and nonresponders [40%]) in the training data
and achieve balanced probabilities of classes for training predic-
tion models, we used the synthetic minority oversampling tech-
nique (SMOTE) algorithm, which simulates patient profiles of the
undersampled class and up-samples the undersampled class to
ensure that the 2 classes have equal sizes (14). Following the rec-
ommended practice of grid search to find the optimal number of
trees that maximize predictive performance during training only,
the tuning parameter (i.e., mtry variable) was set as the square

Table 2. Prediction performance of the models using sociodemographic and clinical data alone, as well as combined
with pharmacogenomics data in all patients, in patients receiving at least 15 mg/week of methotrexate, and in patients
positive for anti-CCP*

Training data,
Validation data

ROC AUC (SD) Accuracy P (NIR) 95% CI Se Sp PPV NPV

All patients
Baseline DAS28 score, RF,
sociodemographic data
(age, sex, smoking)

0.54 (0.03) 54.7 0.98 (0.72) 49–60.4 54 55 31 75

Baseline DAS28 score, RF,
sociodemographic data
(age, sex, smoking), and
pharmacogenomics
biomarkers

0.84 (0.02) 76.2 0.05 (0.72) 71.1–80.9 72 77 55 87

Methotrexate dose subset
Baseline DAS28 score, RF,
sociodemographic data
(age, sex, smoking)

0.55 (0.03) 52.4 1 (0.72) 46.5–58.3 56.7 50.7 31.3 74.5

Baseline DAS28 score, RF,
sociodemographic data
(age, sex, smoking) and
pharmacogenomics
biomarkers

0.83 (0.03) 74 0.06 (0.72) 68.5–78.9 79.5 71.8 52.8 89.8

Anti-CCP subset
Baseline DAS28 score, RF,
sociodemographic data
(age, sex, smoking)

0.56 (0.05) 50.85 0.99 (0.75) 43.2–58.4 51.2 50.8 25 76.4

Baseline DAS28 score, RF,
sociodemographic data
(age, sex, smoking) and
pharmacogenomics
biomarkers

0.74 (0.03) 68.36 0.94 (0.75) 61.0–75.1 97.7 59 43 98.8

* Values are the % unless indicated otherwise. 95% CI = 95% confidence interval; anti-CCP = antibodies against cyclic
citrullinated peptides; AUC = area under the curve; DAS28 = Disease Activity Score in 28 joints; NIR = null information
rate; NPV = negative predictive value; PPV = positive predictive value; RF = rheumatoid factor; ROC = receiver operating
characteristic; Se = sensitivity; Sp = specificity.
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root of the total number of variables used in building the tree, and
the number of trees selected was 500, 1,000, 1,500, and
2,000 (15).

Random forests were trained on the PAMERA UK patients’
(n = 336) baseline DAS28 score, RF positivity, smoking, and
sociodemographic factors (model 1), as well as with the addition
of the pharmacogenomics data (model 2) to predict 3-month
response to methotrexate (i.e., good or moderate response by
EULAR criteria) versus nonresponse. We then externally validated
the trained prediction model using the independent validation
cohort of RA patients (n = 307) (16). Subgroup analyses using
the same predictors and outcome were performed in a subset of
patients who received at least 15 mg/week of methotrexate at
3 months and in a subset of anti-CCP–positive patients.

Top predictors (using variable importance) and the highest
achieved area under the curve (AUC) are reported for the train-
ing models. For the chosen prediction model, we report the SD
of the AUC derived during cross-validation. For external valida-
tion of the trained models, prediction performance is reported
using positive predictive value, negative predictive value
(NPV), sensitivity, specificity, and statistical significance. We
also report the importance of predictor variables (using varImp
function in R), wherein variables with higher importance scores
signify that the mean decrease in prediction accuracy is higher
if that particular variable is not used. If the variable importance
is 0, it means that the variable is not strongly associated with
any of the outcomes. Variable importance from the trained
models is tabulated for the top 20 predictors. To study the
classifier’s classification performance versus the observed
event rates in the validation data, the statistical significance of
the classifier’s accuracy was established using the null infor-
mation rate (NIR, i.e., the class’s prevalence with the largest
samples in validation data), which served as a proxy for
chance. Calibration was assessed for the validation cohort
using calibration plots and the Hosmer-Lemeshow test. Recal-
ibration was performed by re-estimating the intercept and
slope for the model prediction in the validation cohort (17).

RESULTS

Clinical characteristics of patients. Characteristics of
the 643 patients are shown in Table 1. Patients from the UK and
other European countries were comparable in their age, sex, race,
and smoking habits. The majority of patients were positive for RF
or anti-CCP. EULAR response criteria for good or moderate
response at 3 months were met in 55% of patients from the UK
and 72% of patients from other European countries. The majority
of patients (84% overall) received methotrexate in a dose of ≥15
mg/week at the 3-month follow-up visit.

Individualized prediction of response tomethotrexate
treatment and model performance. Table 2 shows the

models’ prediction performance using sociodemographic, clini-
cal, and pharmacogenomics data. Age, sex, RF positivity, and
baseline DAS28 score predicted EULAR response at 3 months,
with an AUC of 0.54 in the training cohort including all patients,
and an accuracy of 55% (P = 0.98) in the validation cohort.
Supervised ML methods that combined demographic data, RF
status, baseline DAS28 score, and 160 SNPs predicted EULAR
response at 3 months with an AUC of 0.84 (P = 0.05) in the train-
ing cohort and achieved prediction accuracies of 76% (P = 0.05)
in the validation cohort (sensitivity 72%, specificity 77%). The

Figure 2. Calibration plot for assessment of the machine learning
model in the validation data set (A) and following recalibration (B). Pre-
dicted risk was subdivided into 6 groups; the mean observed risk (cir-
cles) and its 95% confidence interval (solid vertical lines) were plotted
at the mean predicted risk for each group. The diagonal line is the line
of identity where the observed and predicted risks agree.
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addition of genomic data improved the predictive accuracies of
methotrexate response by 21%. However, calibration was poor
in the validation set. Following recalibration, the calibration was
good for those with low and high probability of response, but cal-
ibration was still poor in the mid-range (Figure 2).

In a subset of patients receiving at least 15 mg/week of
methotrexate at 3 months, the performance of the model combin-
ing clinical and genomic markers was similar to the original model,
with an AUC of 0.83 and accuracy of 74% in the validation cohort
(Table 2). In a subset of anti-CCP–positive patients, the model
combining clinical and genomic markers showed very high sensi-
tivity (98%) and NPV (99%), but overall prediction accuracy (68%)
was not statistically significantly better than the NIR (P = 0.94).

Variable importance in clinical and pharmacoge-
nomic models. In model 1 (clinical model including all patients),
DAS28 score and age were the 2 top predictor variables (impor-
tance 100.00 and 89.33, respectively), followed by smoking sta-
tus (importance 0.82) and RF positivity (importance 0.58). Sex
was not a significant predictor (importance 0.00).

In model 2 (clinical and pharmacogenomic model in
all patients), the intergenic SNPs rs12446816, rs13385025,
rs113798271, and ATIC (rs2372536) had variable importance
above 60.0 and were among the top predictors of methotrexate
response. Baseline DAS28 score was among the top 10 predic-
tors, while age was of lower importance (Table 3). Models includ-
ing clinical and pharmacogenomic markers in subsets of patients
receiving >15 mg/week of methotrexate at 3 months and in

anti-CCP–positive patients had overlap in genomic predictors
between each other and with model 2 (Table 3).

DISCUSSION

Despite the growing number of studies reporting promising
clinical and genomic markers of response to methotrexate and
other antirheumatic treatments in RA, the current trial-and-error
approach to treatment remains unchallenged due to high clinical
heterogeneity of patients caused by genetic polymorphism and
uncontrolled variation of environmental risk factors for individ-
uals. Clearly, there is a need to develop a precision medicine
approach toward treatment to achieve better results in the
populations that are most likely to respond to a given treatment
(18). This study is one of the first to apply ML methods to the
individualized prediction of response to methotrexate in patients
with early RA using sociodemographic, clinical, and genomic
data with validation in an independent cohort. Polymorphisms
associated with RA susceptibility, disease expression, and
methotrexate metabolism were among the top-20 predictors of
response to methotrexate at 3 months and improved perfor-
mance of the pharmacogenomic model over the clinical model
by 21% in the validation cohort. This supports the value of com-
bining genomic and clinical data as a promising avenue for
development of clinically useful, individualized prediction of
response to methotrexate therapy.

The statistical significance for prediction performance was
borderline. However, consistent with our study hypothesis, the

Table 3. Variable importance for prediction of methotrexate response across 3 models*

All patients Methotrexate dose subset Anti-CCP subset

Importance Variable Importance Variable Importance Variable

100.00 rs12446816† 100.00 rs2372536† 100.00 rs1175813
70.63 rs13385025‡ 97.99 rs13385025‡ 88.92 rs71508903§
66.43 rs113798271† 90.35 rs113798271† 88.02 rs112502846§
63.86 rs2372536† 88.78 rs10790268‡ 87.11 rs59716545‡
57.78 rs112502846‡ 80.71 rs11258264 77.06 rs11188513
57.00 rs10790268‡ 75.63 rs71508903‡ 72.92 DAS28 base
52.61 DAS28 base 75.13 rs12446816† 72.58 rs9378815
50.79 rs71508903‡ 74.42 rs2639225 72.00 rs1964995‡
50.48 rs2234067 74.37 rs9910936† 68.79 rs7071836
48.44 rs1964995‡ 65.65 rs1964995‡ 64.16 rs12517451
48.40 rs59716545‡ 64.32 rs7563206 62.22 rs10790268‡
48.14 rs34695944 63.75 rs77458347† 52.79 rs9603616‡
47.76 rs4673993† 63.21 rs9603616‡ 48.10 rs10058818
46.07 rs77458347† 62.56 rs11889341 44.81 rs314637
44.99 rs4272 61.98 rs11933540 44.20 rs10774624
43.10 rs11574914 60.87 rs1950897§ 42.89 rs13385025‡
42.47 rs9603616‡ 59.96 rs3775194 42.36 rs5945173
42.17 Age 59.13 rs112502846‡ 42.28 rs1950897§
41.00 rs678347 58.71 rs59716545‡ 42.23 rs73013527
40.57 rs9910936† 57.43 rs4673993† 41.70 rs6903359

* anti-CCP = antibodies against cyclic citrullinated peptides; DAS28 base = Disease Activity Score in 28 joints at
baseline.
† Common between methotrexate dose subsets and all patients.
‡ Common across all 3 groups of patients.
§ Common between anti-CCP and methotrexate dose subsets.
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discriminative ability (AUC = 0.84) of the model was better than
chance, wherein the NIR was a proxy for chance. Additionally,
the model achieved cross-site replication with balanced predic-
tion accuracy of 76% in the validation cohort, which reflects the
ability to accurately predict both outcomes: response and nonre-
sponse. While calibration in the validation cohort was poor, it was
good except in the middle of the range, following recalibration to
account for the higher response rate in the validation cohort. The
uncertainty regarding model predictions in the middle of the range
reflects the heterogeneity of the training and validation cohorts
(e.g., higher proportion of patients using at least 15 mg/week of
methotrexate in the validation cohort versus training cohort) and
indicates partial utility when porting to other cohorts with room
for further customization. Despite the improved prediction perfor-
mance of our model over previous pharmacogenetic-based pre-
dictions (8,9), the direct comparison between ours and this
previous study is precluded by the use of different outcome defini-
tions (EULAR response versus DAS-based response), different
timing of outcome assessment (3 versus 6 months), and the use
of 160 versus 17 SNPs (8).

While prediction performance of our model in patients receiv-
ing at least 15 mg/week of methotrexate at 3 months was consis-
tent with the model including all patients, the accuracy was lower
in the subset of anti-CCP–positive patients. This difference can be
explained, in part, by specifics of their autoimmune phenotype
(i.e., more aggressive disease) and underlying differences in
genetic background of anti-CCP–positive RA as a distinct subset
of the disease (19,20). Earlier studies showed that anti-CCP auto-
antibodies may inform RA treatment response in patients using
biologics (e.g., abatacept and rituximab), and our results suggest
that differential prediction by anti-CCP status may be possible
in those who receive methotrexate, which requires further
study (21,22).

Among polymorphisms associated with RA susceptibility
and disease expression, SNP rs12446816 had the highest pre-
dictive importance in our model. This SNP has been significantly
(P <1 × 10−5) associated with RA disease activity, reflected in
the tender joint count in 28 joints in our earlier GWAS of response
to methotrexate, but was not one of the top SNPs associated with
DAS28 response in that study (10). There are currently no known
genes annotated for this SNP, but there are several link genes in
this locus and the ERCC4 gene, responsible for DNA repair. The
micro-RNA gene, MIR365A, is 300,000 bp from this SNP. The
up-regulation of this gene in a murine model of collagen-induced
arthritis was shown to enhance apoptosis and restrain prolifera-
tion of synoviocytes in RA (23). Regulatory function of the
rs12446816 SNP in human disease remains to be established.
A further 3 of the top significant SNPs have been previously asso-
ciated with RA disease activity in the same GWAS: rs9910936 in
EFTUD2; rs113798271, a noncoding SNP (upstream gene
MIR5192 [–28,159 bp], downstream gene RN7SL51P [28686]),
and rs77458347 in COL25A1 (10). Among RA polymorphisms

associated with RA susceptibility, rs2234067 in ETV7 and
rs11574914 in CCL21 emerged among top predictors in our
study. Both of these genes have been previously implicated in
pathogenetic pathways related to therapeutic targets and treat-
ment response in RA (24–29).

Similar to the findings of the study by Wessels et al (8) and
other reports, polymorphisms implicated in adenosine metabolism
encoded by ATIC were among the top predictors of response to
methotrexate in our study. ATIC 347 GG (rs2372536, minor geno-
type) was previously associated with better response tomethotrex-
ate at 3 months compared with 347 GC and CC (30), which is
concordant with our results. The minor allele of ATIC rs4673993,
an intronic noncoding region, has been previously associated with
low RA disease activity at 6 months of methotrexate monotherapy
in a cross-sectional study (31). It was hypothesized that ATIC
rs4673993 may play a role in the regulation of gene expression or
can be in LDwith other SNPs (e.g.,ATIC rs2372536) that may influ-
ence protein coding or gene expression.

The strongest clinical predictor in this study was baseline
DAS28 score. This finding is concordant with previous reports
from observational studies and post hoc analysis of randomized
controlled trials (7,8,32). Associations of response to methotrex-
ate in RA with age, smoking, and RF positivity in our clinical model
are consistent with other reports (7,9,33).

Previous studies in early RA from the Behandelstrategieen
voor Reumatoide Artritis (BeSt; Treatment Strategies for Rheuma-
toid Arthritis]) study subcohort and the Swedish Pharmacother-
apy (SWEFOT) trial found that female sex was independently
predictive of nonresponse to methotrexate (8,33). Sex was not
found to be an important predictor of response to methotrexate,
similar to findings of a study from the Nijmegen RA cohort (9).
Concordantly, recent data from well-defined prospective RA
cohorts and clinical trials do not support systematic biologic dif-
ferences between men and women with RA in clinical response,
suggesting that definition of metrics of clinical response can bias
the associations (34). Indeed, women are less likely than
men to achieve remission defined by the DAS28-ESR but have
similar rates of remission or low disease activity defined by the
DAS28-CRP, the Clinical Disease Activity Index, and the Routine
Assessment of Patient Index Data 3 (34). Use of age- and sex-
specific cutoffs for ESR or use of disease activity metrics not
including ESR in future studies may help further refine our under-
standing of the predictive value of sex in response to antirheu-
matic treatments.

Relatively modest predictive importance of sociodemographic
and clinical predictors in our study is in line with some earlier
reports and reflects on clinical reality, wherein clinicians are unable
to individualize methotrexate therapy in current practice. For
example, in a study from the UK, baseline higher naive T cell fre-
quency was found to be predictive of early RA remission at
6 months of first therapy with methotrexate, regardless of demo-
graphic, clinical, or other immunologic parameters, and it was

PHARMACOGENOMICS IN RA 885



proposed that naive CD4+ T cells can be predictive of progres-
sion of inflammatory arthritis (35,36). Taken together with our
results, this suggests the role of assayable plasma biomarkers
(e.g., genomics) relating to the immune system that prove to be
vital in individualizing methotrexate therapy in treating early RA.

The results of this study should be considered in the context
of the following limitations. While 160 SNPs were included in this
study, it is possible that SNPs that were not included may also
contribute to the prediction of response to methotrexate. GWAS
screening for a larger number of SNPs predictive of methotrexate
response will be needed to extend these data. Data on some risk
factors that have been previously linked to lower likelihood of
treatment response, including low socioeconomic status, obesity,
and mental and physical comorbidities, would be expected to
refine the prediction but were not available for this study (7,37,38).

All patients in this study reported receiving methotrexate at
3 months. Nonadherence at some point during the follow-up in a
minority of patients cannot be excluded, as shown in previous
studies (39). However, we believe that it is unlikely to have a major
impact on the results. Information on the route of methotrexate
administration (i.e., oral or subcutaneous), dose escalation, folic
acid use, prednisone dosing between baseline and 3 months,
and creatinine levels was not available. Future studies should
evaluate the importance of these factors for individualized predic-
tion of response to methotrexate.

Data on anti-CCP were missing for a proportion of subjects
and were not included in the main model. However, we present
the analysis for a subset of anti-CCP–positive patients. This study
was not a randomized trial and included patients who have com-
pleted 3-month treatment with methotrexate, not accounting for
those who were excluded from the study. We had no data on out-
comes at 6 months and later time points.

This study included a homogeneous population from a racial
standpoint (~98% patients were White in both cohorts). This is
expected to reduce confounding by race but limits the generaliz-
ability of the study results to other races and ethnicities.

With <20% of DAS28 remission rates at 3 months, this
study was not adequately powered to predict DAS28 remis-
sion. This shortcoming underscores the need for multicenter
collaborative studies using larger data sets of patients with
early RA receiving methotrexate monotherapy. Nevertheless,
the EULAR response criteria are a validated measure for evalu-
ation of treatment response in RA (4,5), and good or moderate
EULAR response has been associated with improved func-
tional capacity and less progression in joint damage compared
to EULAR nonresponse (4). EULAR criteria have been used
successfully in other recent studies aimed at prediction of
response to antirheumatic treatments at the 3-month time
point when remission is infrequent (34,40). Thus, using EULAR
criteria at 3 months is well justified and can be a valuable
first step toward individualized prediction of response to meth-
otrexate treatment.

Strengths of this study stem from the high quality of the uni-
formly collected data from the PAMERA Consortium and advan-
tages of international collaboration, including the following: the
unique availability of 2 geographically independent cohorts of pre-
viously treatment-naive patients with early RA who were treated
with methotrexate monotherapy for 3 months and who had data
from a 3-month follow-up visit; the uniform collection of clinical
data at baseline and at the 3-month follow-up visit; and availability
of sociodemographic and genomic data. While we had no data on
outcomes at 6 months, previous studies have shown that in
>75% of patients, the trajectory of response or nonresponse to
methotrexate is consistent between 3 and 6 months (8). Thus,
using a 3-month time point strengthens the study, as it may be
beneficial for early optimization of treatment.

Our model achieved cross-site (i.e., in the independent
cohort) replication in prediction performance, which is an advan-
tage over the previous studies lacking an external validation
cohort (8). The model included easily available clinical measures
and a robust set of genomic markers, which improved the perfor-
mance of the model over the NIR by 4%. The study takes advan-
tage of the ML approach in combining sociodemographic,
clinical, and genomic data. Previous studies by our group have
successfully applied a similar approach for prediction of drug
response to antidepressants (41). Validation of the model in a
larger sample of patients with early RA, developing individualized
prediction of adverse effects with methotrexate treatment, and
evaluating the clinical impact and cost-effectiveness of our predic-
tive model compared to other available models are the next steps
in model development, as part of the translation of clinical
research to clinical practice, according to the Prognosis Research
Strategy framework (42).

In conclusion, in patients with early RA, pharmacogenomic
biomarkers combined with baseline DAS28 score predicted
response to methotrexate by the EULAR criteria at 3 months
more reliably than demographic data and DAS28 score alone,
with replication in the independent validation cohort. These find-
ings suggest that models combining clinical data and pharmaco-
genomic biomarkers for prediction of methotrexate response
hold promise for guiding effective RA treatment choices and
timely escalation of RA therapies. Further studies on personalized
prediction of response to methotrexate and other antirheumatic
treatments are warranted to optimize control of RA disease and
improve outcomes for patients with RA.
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B R I E F R E P O R T

Efficacy of Tocilizumab Monotherapy Versus Tocilizumab
and Methotrexate Combination Therapy in the Prevention
of Radiographic Progression in Rheumatoid Arthritis:
An Analysis Using Individual Patient Data From Multiple
Clinical Trials

Maxime M. A. Verhoeven,1 Janneke Tekstra,1 Johannes W. G. Jacobs,1 Johannes W. J. Bijlsma,1

Jacob M. van Laar,1 Attila Pethö-Schramm,2 Michelle E. A. Borm,3 Floris P. J. Lafeber,1 and Paco M. J. Welsing1

Objective. To compare the effects of preventing radiographic progression (in its 3 components) of tocilizumab
(TCZ) monotherapy with those of TCZ and methotrexate (MTX) in combination therapy (TCZ + MTX), and to evaluate
possible effect modifiers in this model.

Methods. Randomized trials that compared TCZ monotherapy to TCZ + MTX combination therapy for differences
in radiographic progression were analyzed on an individual patient data level using mixed-effects models, and data
were collected from 820 subjects with either early rheumatoid arthritis (RA) or established RA. Outcomes were classi-
fied as the absence of radiographic progression after 2 years (i.e., preventing radiographic progression) as measured
by total Sharp/van der Heijde score (SHS), erosion score, and joint space narrowing (JSN) score. Effect modification
by baseline joint damage, disease duration, and Disease Activity Score in 28 joints (DAS28) was studied.

Results. Overall, TCZ + MTX combination therapy was more effective in preventing radiographic progression com-
pared to TCZmonotherapy, which was measured by total SHS score. However, in patients with early RA who hadmore
joint damage compared to those with less joint damage at baseline (relative risk [RR] 1.02 versus RR 0.91, respectively)
or in patients with a lower DAS28 score compared to those with a higher DAS28 score (RR 1.04 versus RR 0.92,
respectively) at baseline, this advantage disappeared. In patients with established RA, the advantage of TCZ + MTX
versus TCZ alone in the prevention of radiographic progression disappeared with a longer disease duration at baseline
(RR 1.04 versus 0.83). Results of erosion scores as an outcome were in line with these findings, though findings for JSN
scores were less clear.

Conclusion. Combination therapy with TCZ + MTX is more effective in preventing radiographic progression
compared to TCZ monotherapy, but the effectiveness of TCZ monotherapy may approximate the effectiveness of
TCZ + MTX in patients with early RA who have more joint damage and/or a lower DAS28 at baseline and in patients
with established RA who have longer disease duration.

INTRODUCTION

Joint damage is a negative outcome in rheumatoid arthritis

(RA) that leads to a decline in physical function and quality of life (1).

However, methods in preventing radiographic progression of

joint damage have improved over the last decades by early inten-

sive treat-to-target treatment strategies with disease-modifying

antirheumatic drugs (DMARDs), including biologic DMARDs
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(bDMARDs) (1). Consequently, detecting differences between
effective treatment strategies in the prevention of radiographic
progression is challenging, especially early in the disease
course (2).

Joint damage remains an important outcome measure, as it
objectively reflects irreversible damage (3) and the “disease-modi-
fying” effects of treatment strategies (4). Methotrexate (MTX) is the
most frequently used first-line DMARD in RA, but patients may
need to switch to therapy with a DMARD/bDMARD or otherwise
combine MTX with a DMARD/bDMARD because of adverse
events and/or insufficient response to MTX. It is a clinical fact that
a relevant subgroup of patients do not adhere to treatment with
MTX because of side effects, aversion, or inadequate efficacy (4).
Tocilizumab (TCZ) may then be a suitable option for these patients,
as TCZ can be used with lower doses of MTX or even in the
absence of MTX (i.e., as TCZ monotherapy) while still being effec-
tive in controlling disease activity as well as in the prevention of
radiographic progression (5). However, it is not clear whether
TCZ + MTX combination therapy has a better effect than TCZ
monotherapy on preventing radiographic progression, the results
of which would be relevant knowledge for clinical decision-making.

The aim of our study was to determine the effect of prevent-
ing radiographic progression, using individual patient data, with
TCZ monotherapy compared to TCZ + MTX combination therapy
on different components of radiographic progression and to iden-
tify possible effect modifiers. We hypothesized that, in general, a
more intensive strategy (i.e., TCZ + MTX) would increase the
effectiveness of preventing radiographic progression during treat-
ment; however, this effect may vary among subgroups depending
on disease phase and level of severity.

MATERIALS AND METHODS

Individual patient data were obtained from randomized con-
trolled trials (RCTs) on RA that had at least 1 treatment arm with
intravenously administered TCZmonotherapy, a treatment armwith

TCZ in combination with MTX, and assessments of radiographs of
the hands and feet of study participants at baseline and after 2 years
of treatment (see Supplementary Materials, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24524). RCTs published until January 31, 2020 were
selected for the present study. The Medical Research Involving
Human Subjects Act was not applicable to this study as it con-
cerned reanalysis of existing data. Trial data were made available
free of charge by F. Hoffmann-La Roche.

A total of 4 RCTs that had at least 1 treatment arm wherein
subjects received TCZ monotherapy intravenously and also a
second treatment arm wherein subjects received combination
therapy with TCZ + MTX were identified: ACT-RAY (n = 553) (6),
FUNCTION (n = 1,164) (7), SURPRISE (n = 105) (8), and U-Act-
Early (n = 317) (9). The Sharp/van der Heijde score (SHS) was
used to measure radiographic progression in all trials. One RCT
used a tight control treat-to-target approach, indicating that ther-
apy could continuously be intensified (at 4-week intervals) when
the treatment target was not achieved (9). Two RCTs were per-
formed in subjects with early RA (7,9), and 2 trials tapered TCZ
when remission status was achieved in subjects (8,9). In 2 RCTs,
a stable dose of oral glucocorticoid (GC) use (≤10 mg/day of
prednisone or equivalent) was permitted for use by patients
alongside the study therapies investigated in those trials (6,7,10).
In 3 RCTs (n = 2,034), individual patient data could be obtained
(6,7,9). All 3 RCTs are registered (ClinicalTrials.gov identifiers:
NCT00810199 [ACT-RAY], NCT01007435 [FUNCTION], and
NCT01034137 [U-Act-Early]), and all patients provided written
informed consent. In short, inclusion criteria included the follow-
ing: a diagnosis of RA according to the 2010 American College
of Rheumatology/European Alliance of Associations for Rheuma-
tology criteria for RA (11), age 18 years or older, and the presence
of moderate-to-active disease activity. Patients with early RA
were DMARD-naive; patients with established RA had an insuffi-
cient treatment response to MTX.

Radiographs were assessed by a single reader in the FUNC-
TION and U-Act-Early trials, and by 2 independent readers in the
ACT-RAY study; the average radiographic score in the ACT-RAY
study was used in our analysis (for detailed information, see
the Supplementary Materials, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24524). The percentage of missing data on radiographic out-
comes in the individual trials is reported in their respective publica-
tions; the mean percentage of missing data was 29% for these
trials. Patients with missing radiographic data were not different
from patients who had radiographic data on joint damage, dis-
ease duration, and disease activity, all at baseline, nor did they dif-
fer between treatments arms within trials, and thus no imputation
of missing data was performed.

Statistical analysis. The primary end point was defined as a
subject not having radiographic progression versus having any

SIGNIFICANCE & INNOVATIONS
• In the prevention of radiographic progression, com-

bination therapy with tocilizumab (TCZ) and metho-
trexate (MTX) is generally more effective than TCZ
monotherapy.

• In patients with early rheumatoid arthritis (RA), for
those with more joint damage or lower counts on
the Disease Activity Score in 28 joints (DAS28) at
baseline, the efficacy of TCZ monotherapy may be
equivalent to TCZ + MTX in the prevention of radio-
graphic progression.

• In patients with established RA who have a longer
disease duration, TCZ monotherapy may be equiva-
lent to TCZ + MTX combination therapy in the pre-
vention of radiographic progression.
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radiographic progression (i.e., an SHS score of >0) after 2 years,
termed as “prevention of radiographic progression.” Primary analy-
ses were performed on total SHS scores, and secondary analyses
were undertaken on erosion scores and joint space narrowing
(JSN) scores. The different TCZ regimens that were compared were
8 mg/kg of intravenous TCZ every four weeks + a median 15 mg of
MTX weekly (TCZ + MTX combination therapy) and 8 mg/kg of
intravenous TCZ every four weeks (TCZ monotherapy).

Due to heterogeneity of patient populations and study results,
we decided to analyze data from trials including MTX-naive patients
with early RA separately from trials including patients with estab-
lished RA. All analyses were performed according to the intention-
to-treat principle and were adjusted for sex and age. Treatment
effect modification by baseline joint damage, disease duration,
and the Disease Activity Score in 28 joints (DAS28) was explored
using these factors as covariates as well as in interaction terms with
treatment in the models.

Logistic mixed-effects models with random intercept and
random effect of treatment, both at study level, were used to ana-
lyze the data. If analysis results indicated that joint damage, dis-
ease duration, or DAS28 score at baseline were possible
treatment effect modifiers (i.e., P ≤ 0.20 for interaction term),
stratified analyses were performed for these factors to better
interpret the interaction, using log binomial regression (to obtain
relative chances) and forest plots. Stratification was based on
the median scores of effect modifiers. Patients with a score at or
below this cutoff value were considered as being in the “low-level”
subgroup, and patients with scores above this cutoff value were
in the “high-level” subgroup. Relative chances of preventing
radiographic progression were calculated using relative risk
(RR) and 95% confidence intervals (95% CIs), with results graph-
ically illustrated per group/subgroup. Furthermore, the absolute
difference in the risk of preventing radiographic progression was
calculated per subgroup. This was calculated using the RR and

Table 1. Patient characteristics per individualized RCT

Early RA Established RA

U-Act-Early trial (9)
(n = 232)

FUNCTION trial (7)
(n = 857)

ACT-RAY trial (6)
(n = 417)

Female sex, no. (%) 161 (69) 677 (79) 345 (83)
Age, mean � SD years 53.9 � 12.4 50.0 � 13.0 52.8 � 12.1
BMI, mean � SD kg/m2 26.0 � 4.4 27.5 � 6.2 26.2 � 5.1
Duration of RA, years 0.1 (0.0–0.1) 0.6 (0.1–1.1) 5.5 (2.3–11.4)
Baseline DAS28, mean � SD 5.1 � 1.1 6.7 � 1.1 6.3 � 1.0
RF positivity, no. (%) 166 (72) 776 (91) –

Total SHS score at baseline 0 (0–1) 1.5 (0.5–5.5) 29 (17.5–50.5)
Erosion SHS score at baseline 0 (0–0) 1 (0–3.5) 15.5 (10–24)
JSN SHS score at baseline 0 (0–0) 0 (0–1.5) 13.5 (7–27)
Δ in total SHS score 0 (0–1) 0 (0–0) 0 (0–0.5)
Δ in erosion SHS score 0 (0–1) 0 (0–0) 0 (0–0)
Δ in JSN SHS score 0 (0–0) 0 (0–0) 0 (0–0.5)
Initial treatment, no. (%)
MTX monotherapy 74 (32) 211 (25) –

TCZ + MTX, 8 mg/kg 78 (34) 220 (26) 215 (52)
TCZ + MTX, 4 mg/kg – 211 (25) –

TCZ monotherapy, 8 mg/kg 80 (34) 215 (25) 202 (48)
Glucocorticoid use, no. (%) 0 (0) 429 (37) 212 (51)
Total SHS score of 0 at baseline, no. (%)
MTX monotherapy 53 (72) 55 (26) –

TCZ + MTX, 8 mg/kg 58 (74) 55 (25) 0 (0)
TCZ + MTX, 4 mg/kg – 44 (21) –

TCZ monotherapy, 8 mg/kg 57 (71) 54 (25) 0 (0)
Δ in total SHS score per initial treatment
MTX monotherapy 0 (0–0) 0 (0–0) –

TCZ + MTX, 8 mg/kg 0 (0–0) 0 (0–0) 0 (0–0.5)
TCZ + MTX, 4 mg/kg – 0 (0–0.5) –

TCZ monotherapy, 8 mg/kg 0 (0–0) 0 (0–0) 0 (0–0)
Δ in total SHS score of 0, no. (%)
MTX monotherapy 39 (53) 135 (64) –

TCZ + MTX, 8 mg/kg 61 (78) 185 (84) 129 (60)
TCZ + MTX, 4 mg/kg – 152 (72) –

TCZ monotherapy, 8 mg/kg 55 (68) 172 (80) 111 (55)

* Except where indicated otherwise, values are themedian (interquartile range). For the Disease Activity Score in 28
joints (DAS28), scores are measured on a 0 to 9.4 scale, with a higher score indicating more disease activity. For
modified Sharp/van der Heijde score (SHS), a higher score indicates the presence of more radiographic joint dam-
age. BMI = body mass index; JSN = joint space narrowing; MTX = methotrexate; RA = rheumatoid arthritis;
RCT = randomized controlled trial; RF = rheumatoid factor; TCZ = tocilizumab.
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the rate of no progression in the TCZ + MTX treatment group as
reference; by multiplying these, the rate of no progression in the
TCZ group was calculated. The difference between these rates
of no progression is the absolute risk difference.

As an example to demonstrate the above calculations, the
relative chance of preventing radiographic progression of 0.91
for TCZ monotherapy versus TCZ + MTX combination therapy
can be translated into an absolute risk difference using the aver-
age percentage of patients treated with TCZ + MTX who
have no progression in this group (reference rate of 91%). Using
the RR and this reference rate, the percentage of patients treated
with TCZ who had no progression would be 0.91 × 91% = 83%,
and the absolute risk difference would be 91% − 83% = 8%.

All analyses were performed with SAS, version 9.4. P values
less than or equal to 0.05 by 2-sided test were considered statis-
tically significant.

RESULTS

Table 1 shows the characteristics of all 1,506 patients
included in the analysis. In total, 1,089 patients were classified
as having early RA and 417 patients were classified as having
established RA. Baseline DAS28 scores were generally high
(reflecting active disease), although they were slightly lower in the
U-Act-Early trial—most likely due to inclusion criteria of this trial
being less strict. The median change over 2 years in total SHS
score as well as erosion and JSN scores was 0 in all trials and

treatment arms (Table 1). The maximum change in total SHS
score was 33, 31, and 23 in the U-Act-Early, FUNCTION, and
ACT-RAY trials, respectively (data not shown).

Subgroup of patients with early RA. Overall, TCZ
monotherapy resulted in less prevention of radiographic progres-
sion measured by total SHS score than TCZ + MTX combination
therapy in patients with early RA (RR 0.96 [95% CI 0.90–1.03]).
However, these effects were modified by baseline joint damage
(TCZ alone versus TCZ + MTX; P < 0.0) and DAS28 score
(TCZ alone versus TCZ + MTX; P = 0.04) (see Supplementary
Table 1, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24524). In sub-
groups, the advantage of TCZ + MTX combination therapy ver-
sus TCZ monotherapy in total SHS scores disappeared in the
subgroup with high-level joint damage at baseline compared to
a subgroup with low-level joint damage at baseline (RR 1.02
[95% CI 0.87–1.18] versus RR 0.91 [95% CI 0.81–1.02] for the
high-level and low-level joint damage subgroups, respectively);
the advantage of TCZ + MTX compared to TCZ alone also disap-
peared when comparing a subgroup with low-level DAS28 scores
at baseline compared to a subgroup with high-level DAS28 scores
at baseline (RR 1.04 [95% CI 0.93–1.17] versus RR 0.92 [95% CI
0.83–1.03] for the low-level and high-level DAS28 score
subgroups, respectively) (Figure 1 and Supplementary Table 2,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24524).
Translating these results to absolute differences in the chance of

Figure 1. Relative chance (RR) of preventing radiographic progression in patients with early rheumatoid arthritis (RA) who received monotherapy with
tocilizumab (TCZ) versus combination therapy with TCZ and methotrexate (MTX). Low-level and high-level baseline joint damage (indicated by a mod-
ified Sharp/van der Heijde score of ≤1 or >1) or disease activity (Disease Activity Score in 28 joints [DAS28] score of ≤6.37 or >6.37) were based on their
respective median values in the data. In the subgroup with low-level baseline joint damage, 160 received TCZ monotherapy and 166 received TCZ
+ MTX combination therapy; in the subgroup with high-level baseline joint damage, 129 received TCZ monotherapy and 132 received TCZ + MTX
combination therapy. In the subgroup with low-level baseline DAS28 scores, 149 received TCZ monotherapy and 145 received TCZ + MTX combina-
tion therapy; in the subgroup with high-level baseline DAS28 scores, 146 received TCZ monotherapy and 153 received TCZ + MTX combination ther-
apy. Horizontal lines show the RR (95% confidence interval [95%CI]), which is based on stratified analyses that were controlled for age, sex, and DAS28
score at baseline. An RR higher than 1 is associated with less radiographic progression in the TCZ group. % Ref = proportion of patients with no
progression in disease activity (i.e., based on raw data) in the reference group (i.e., the TCZ+ MTX group).
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preventing radiographic progression in subgroups (for calculation
details, see the Methods section) resulted in an absolute risk differ-
ence between TCZ monotherapy and TCZ + MTX combination
therapy of 8% in patients with low-level baseline joint damage ver-
sus only 1% in those with high-level baseline joint damage. In the
subgroup with low-level baseline disease activity, the risk difference
was 3% compared to 7% in the subgroup with high-level baseline
disease activity (see Supplementary Table 3, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24524).

Outcomes for erosion scores were partly in line with those for
total SHS scores, with a RR of 1.03 (95% CI 0.91–1.17) for the
subgroup with high-level baseline joint damage versus an RR
of 1.02 (95% CI 0.93–1.10) for the subgroup with low-level base-
line DAS28 score (see Supplementary Figure 1, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24524). This finding indi-
cates that the advantage of TCZ + MTX versus TCZ alone also
seemed to disappear in these subgroups. In the subgroup with

low-level baseline joint damage, the absolute risk difference was
5% versus only 2% in the subgroup with high-level baseline joint
damage (see Supplementary Table 3).

Regarding JSN scores, outcomes were less clear regarding
the overall advantage of TCZ + MTX combination therapy;
however, effect modification was observed for joint damage
at baseline (P = 0.20) (see Supplementary Table 1, available
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24524). In the
subgroup with low-level baseline joint damage, the absolute risk
difference was 3% versus 8% in the subgroup with high-level
baseline joint damage (see Supplementary Table 3).

Subgroup of patients with established RA. Overall,
TCZ monotherapy resulted in less prevention of radiographic pro-
gression (measured by total SHS scores) than TCZ + MTX combi-
nation therapy in patients with established RA (RR 0.96 [95% CI
0.87–1.07]). However, these effects were modified by baseline
joint damage (TCZ versus TCZ + MTX; P = 0.08) and disease

Figure 2. Relative chance (RR) of preventing radiographic progression in patients with established rheumatoid arthritis (RA) who received
monotherapy with tocilizumab (TCZ) versus combination therapy with TCZ and methotrexate (MTX). In the subgroup with low-level baseline joint
damage, 96 received TCZ monotherapy and 110 received TCZ + MTX combination therapy; in the subgroup with high-level baseline joint dam-
age, 105 received TCZmonotherapy and 106 received TCZ + MTX combination therapy. In the subgroup with low-level baseline disease duration,
103 received TCZ monotherapy and 105 received TCZ + MTX combination therapy; in the subgroup with high-level baseline disease duration,
99 received TCZ monotherapy and 110 received TCZ + MTX combination therapy. In the subgroup with low-level Disease Activity Score in
28 joints (DAS28) scores at baseline, 103 received TCZ monotherapy and 104 received TCZ + MTX combination therapy; in the subgroup with
high-level baseline DAS28 scores, 99 received TCZ monotherapy and 111 received TCZ + MTX combination therapy. Low-level and high-level
joint damage (indicated by a modified Sharp/van der Heijde score of ≤28.5 or >28.5), disease duration (≤5.46 years or >5.46 years), and disease
activity (DAS28 score of ≤6.37 or >6.37) all at baseline were based on their respective median values in the data. Horizontal lines show the RR
(95% confidence interval [95% CI]), which is based on stratified analyses that were controlled for age, sex, and DAS28 score at baseline. An RR
higher than 1 is associated with less radiographic progression in the TCZ group. % Ref = proportion of patients with no progression in disease
activity (i.e., based on raw data) in the reference group (i.e., TCZ + MTX group). Color figure can be viewed in the online issue, which is available
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24524/abstract.
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duration (TCZ versus TCZ + MTX; P = 0.04) (see Supplementary
Table 4, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24524). In sub-
groups, the advantage of TCZ + MTX compared to TCZ alone in
preventing radiographic progression (measured in total SHS
scores) disappeared in those with high-level baseline disease
duration compared to the subgroup with low-level baseline dis-
ease duration (RR 1.04 [95% CI 0.84–1.30] versus RR 0.83
[95% CI 0.64–1.06] for the subgroups with high-level and low-
level disease duration, respectively) (Figure 2 and Supplementary
Table 5, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24524). Translated to absolute differences in the chance of pre-
venting radiographic progression between treatment regimens, the
absolute risk difference was 10% in the subgroup with low-level
baseline disease duration versus only 2% in the subgroup with
high-level baseline disease duration (see Supplementary Table 6).

Outcomes for erosion scores were in line with those of total
SHS scores, with an RR of 1.04 (95% CI 0.87–1.25) for the high-
level baseline disease duration subgroup (see Supplementary
Figure 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24524). In the sub-
group with low-level baseline disease duration, the absolute risk
difference was 10% versus only 3% in the subgroup with high-level
baseline disease duration (see Supplementary Table 6).

For JSN scores as an outcome measure, results were less
clear in regard to the overall advantage of TCZ + MTX; however,
effect modification was observed (P = 0.12) (see Supplementary
Table 4, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24524). In the subgroup with low-level baseline disease
duration, the absolute risk difference was 7% versus 0% in the
subgroup with high-level baseline disease duration (see Supple-
mentary Table 6).

DISCUSSION

In general, TCZ monotherapy was found to have a less pre-
ventative effect on radiographic progression than TCZ + MTX
combination therapy; however, this effect was found to vary
among patients depending on level of joint damage and disease
activity as well as length of disease duration, all at baseline. When
analyzing these modifying factors within the subgroups discussed
in the present study, we found the effectiveness of TCZ mono-
therapy approximates that of TCZ + MTX combination therapy in
patients with early RA who had lower DAS28 scores (i.e., low-
level subgroup) or more joint damage (i.e., high-level subgroup)
at baseline. The “window of opportunity” hypothesis (12) implies
that RA is more susceptible to treatment in the first six months
following disease onset. When symptoms are mild and slowly
progressing (low disease activity), a considerable and unnoticed
delay in diagnosis may result, and joint damage may have already
occurred. These patients may have passed the “window of
opportunity,” and thus MTX treatment might have less of an

additional effect on controlling disease activity (13). Actually,
indeed, in the individual patient data used in this study, patients
with early RA who had lower baseline DAS28 score more
often had joint damage at baseline (see Supplementary Table 7,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24524),
suggesting a late diagnosis of RA because of the presence of
milder symptoms.

For patients with established RA, the effectiveness of TCZ
monotherapy approximates that of TCZ + MTX combination ther-
apy in the subgroup of patients with longer baseline disease dura-
tion (i.e., high-level subgroup). This might indicate that, with a
longer disease duration, MTX is more often no longer effective in
preventing radiographic progression when a conventional syn-
thetic DMARD has shown to be insufficiently effective; conse-
quently, the efficacy of this combination treatment predominantly
relies on the added bDMARD (TCZ) (14). Baseline GC use may
affect radiographic progression; however, radiographic progres-
sion was not different among subgroups in terms of disease dura-
tion (55% in the high-level group versus 58% in the low-level
group), as well as in the disease activity subgroups, indicating that
baseline GC use probably has not biased the differences we
observed among the subgroups in the present study.

Overall results were in line for total SHS and erosion scores,
but less clear for JSN scores. This may be due to the fact that
JSN is a slow process, occurring far beyond the 2-year follow-
up period, and can additionally be influenced by genetic and
mechanical factors (e.g., osteoarthritis) (15), whereas erosion for-
mation is mainly inflammation driven and more specific to RA.

The present study naturally has limitations. First, radiographs
were assessed by different readers in the original trials, and radio-
graphs were not reassessed specifically for the current analysis; a
substantial portion of radiographic data wasmissing, although the
influence of this missing data on our subgroup analysis was prob-
ably limited as patients with and without information on radio-
graphic progression were not different in terms of baseline joint
damage, disease duration, and disease activity (as well as in
age, sex, and rheumatoid factor positivity). Second, although we
used individual patient data frommultiple studies, the total sample
size is still relatively low for detecting effect modification. For the
SURPRISE trial, unfortunately, data sharing was not possible
due to legal considerations (8). However, despite the relatively
low sample size, effect modifiers were detected. Even when we
tested both interactions in the model (i.e., baseline SHS treatment
and baseline DAS28 treatment) in early RA, both predictors were
still modifiers. Outcomes of the analyses, based on 4 strata (see
Supplementary Table 7, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24524),
were in line with reported outcomes. Third, radiographic progres-
sion is usually lessened now due to the availability of better treat-
ment, resulting in absolute chances of preventing radiographic
progression varying between 0% and 12%, which indicates that
differences in preventing radiographic progression may not be
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clinically relevant in all subgroups. However, using combined data
may thus be a suitable means to identify relevant treatment effect
estimates in subgroups. We also considered the application of the
minimal clinically important difference as a cutoff value for radio-
graphic progression (16). However, as only a few patients met this
criterion, meaningful analyses for the minimal clinically important
difference were not feasible.

Despite these limitations, the present study used individual
patient data from multiple RCTs that contained information from
more than 1,500 patients with RA, which provided an exclusive
opportunity to explore radiographic progression in patients
treated with TCZ in the absence or presence of MTX in a more
detailed manner. For the majority of patients, TCZ combination
therapy with MTX is more effective in preventing radiographic pro-
gression compared to TCZ monotherapy. However, in patients
with early RA who have more joint damage and/or lower DAS28
score at baseline and in patients with established RA who have
longer disease duration, the efficacy of TCZ monotherapy might
approximate that of TCZ + MTX combination therapy. In these
specific subgroups, TCZ + MTX combination therapy may have
no additional advantage in the prevention of radiographic
progression.
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High Disease Severity Among Asian Patients in a US
Multiethnic Cohort of Individuals With Systemic
Lupus Erythematosus

Kimberly DeQuattro,1 Laura Trupin,1 Louise B. Murphy,2 Stephanie Rush,1 Lindsey A. Criswell,1

Cristina M. Lanata,1 Maria Dall’Era,1 Patricia Katz,1 and Jinoos Yazdany1

Objective. Knowledge about systemic lupus erythematosus (SLE) outcomes among US Asian patients is lacking.
The present study was undertaken to examine SLE disease activity, severity, and damage among Asian patients of pri-
marily Chinese and Filipino descent in a multiethnic cohort.

Methods. California Lupus Epidemiology Study (n = 328) data were analyzed. Data were collected in English,
Cantonese, Mandarin, or Spanish using validated instruments for disease activity (Systemic Lupus Erythematosus
Disease Activity Index), disease severity (Lupus Severity Index [LSI]), and disease damage (Systemic Lupus
International Collaborating Clinics/American College of Rheumatology Damage Index). We assessed differences in
SLE outcomes among racial/ethnic groups using multivariable linear regression including interaction terms for age at
diagnosis and race/ethnicity.

Results. Asian was the largest racial/ethnic group (38% [Chinese = 22%; Filipino = 9%; Other = 7%]). Average age
at diagnosis was younger among Asian patients (27.9 years), particularly Filipino patients (22.2 years), compared with
White (29.4 years) and Black patients (34.0 years). After adjustment, disease activity and damage were not significantly
different across groups. Disease severity among Asian patients was significantly higher than amongWhite patients (LSI
score 7.1 versus 6.5; P < 0.05) but similar among Black and Hispanic patients. Early age at diagnosis was associated
with greater organ damage among Asian, Black, and Hispanic patients, but not White patients.

Conclusion. SLEwasmore severe among US Asian patients compared toWhite patients. Filipinos were affected at
strikingly young ages. Asian patients and non-White groups with younger age at diagnosis had greater organ damage
than White patients. Such racial/ethnic distinctions suggest the need for heightened clinical awareness to improve
health outcomes among Asian patients with SLE. Further study of SLE outcomes across a range of US Asian sub-
groups is important.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a complex chronic

condition that disproportionately affects racial/ethnic minorities.

A growing body of literature has demonstrated that Black and

Hispanic patients with SLE experience worse disease outcomes

(1–4). Understanding patterns of disease among Black and

Hispanic individuals has prioritized controlling flares and mitigat-

ing damage in caring for these diverse SLE patients.
International multiethnic cohorts have found that SLE

patients with Asian ancestry tend to have a younger age at diag-

nosis, more frequent autoantibody positivity, as well as worse dis-

ease activity, organ-specific and overall damage, and SLE

severity (5–7) as compared with White patients. There are
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outcomes for which there is no evidence that Asian patients differ

from White patients at follow-up, such as overall damage (5,6).

These findings are largely consistent with Asia-specific studies

that investigate differences in genetic expression and other out-

comes among Asian patients with SLE (8,9). Importantly, new

large-scale prospective registries are evaluating the impact of

SLE across the Asian subgroups and in comparison to non-Asian

counterparts (10,11).
There is a gap in knowledge about how SLE affects US Asian

patients. We studied disease outcomes in Asian patients with SLE
to identify which aspects might require more focused attention.
The Centers for Disease Control and Prevention has supported
longitudinal, population-based cohort studies to increase system-
atic investigation of SLE in racial/ethnic minorities. Spanning 5 dis-
tinct geographic regions of the US, these cohort studies provide
population-based estimates of SLE disease incidence and preva-
lence (12–19). Across these studies, the cohort based in San
Francisco County (the California Lupus Surveillance Project
[CLSP]) includes the largest proportion of Asian patients.

PATIENTS AND METHODS

Data derive from California Lupus Epidemiology Study
(CLUES) baseline study visits. Some participants for the CLUES
were recruited from the CLSP cohort (n = 134), which used out-
patient, hospital, and laboratory records to identify all SLE
patients residing in San Francisco City and County from 2007–
2009 (12). Additional participants (n = 198) in the 9 counties of
the San Francisco Bay area were identified from 2015 to 2018
through academic and community rheumatology clinics and
through existing local research cohorts. This study was approved
by the University of California, San Francisco Institutional Review
Board, and all participants provided written informed consent.

Study details were previously described (12). Briefly, SLE
diagnoses were confirmed at the 2015–2018 baseline by

rheumatologists according to any of the following definitions: 1)
meeting ≥4 of the 11 American College of Rheumatology (ACR)
revised criteria for the classification of SLE as defined in 1982
and updated in 1997 (20,21); 2) meeting 3 of the 11 ACR criteria
plus a documented treating rheumatologist’s diagnosis of SLE;
or 3) a confirmed diagnosis of SLE nephritis (12). Study proce-
dures included an in-person study clinic visit that was separate
from the regularly scheduled clinic visit. Because the recruitment
was from a large catchment area and individuals could participate
if they were under the care of academic tertiary, community, or
safety net hospital rheumatology clinics, visits were completed in
a study setting at our institution. Study clinic visits included a
review of medical records, a history and physical examination
conducted by a rheumatologist, collection of clinical laboratory
results and stored biospecimens, and a structured interview
administered by a research assistant. Study clinic visits and
interviews were conducted in English, Spanish, Cantonese, or
Mandarin. A total of 332 SLE patients completed the baseline in-
person CLUES study visit. Four individuals were excluded from
this analysis because of missing data, resulting in a final sample
size of 328.

SLE disease outcomemeasures. Three measures of SLE
disease outcomes were used in the analysis, all ascertained by
the rheumatologist at the baseline study visit. The Safety of Estro-
gens in Lupus Erythematosus National Assessment version of the
Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) is
a frequently used measure of disease activity that incorporates
current symptoms as well as clinical laboratory values (range 0–
105) (22). The Lupus Severity Index (LSI) creates a weighted
score of ACR criteria and subcriteria for SLE (range 0–100) and
has been shown to predict morbidity and mortality (23). The Sys-
temic Lupus International Collaborating Clinics/ACR Damage
Index (SDI) is a measure of cumulative organ damage by system
(range 0–47) in SLE (24). For each instrument, higher scores rep-
resent poorer SLE outcomes.

Covariates. We included self-reported, mutually exclusive
categories of Hispanic of any race and the non-Hispanic catego-
ries of White, Black, Asian, and Multiracial/other and subgroups
of Asian origin. For ease of readability, throughout the text/tables
we refer to non-Hispanic categories of White, Black, Asian, and
Multiracial/other as White, Black, Asian, and Multiracial/other.
These categories frequently encompass multiple subgroups. In
particular, “Asian” is a diverse categorization that includes a “per-
son having origins in any of the original peoples of the Far East,
Southeast Asia, or the Indian subcontinent” (25). When possible,
we examined 2 subgroups of Asian origin, Chinese and Filipino,
the 2 largest US Asian populations. The rest of Asian study partic-
ipants, along with those identifying as Pacific Islander, were
included in the “Other Asian” category, as their numbers were
too small to be analyzed separately.

SIGNIFICANCE & INNOVATIONS
• This is the first US multiethnic population-based

cohort in which Asian patients with systemic lupus
erythematosus (SLE) represent the most prevalent
racial/ethnic group. Because prior reports indicate
that the impact of SLE is higher for Asian individuals
than for other races/ethnicities, examining out-
comes of disease activity, severity, and damage
were of chief interest.

• US Asian patients experience early age at diagnosis
with higher disease severity as measured by the
Lupus Severity Index as compared with White
patients (7.1 versus 6.5; P < 0.05). Awareness of
these greater risks should factor into diagnosis,
monitoring, and treatment efforts for US patients
of Asian descent.
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We considered the following additional baseline characteris-
tics as covariates: sex, age at diagnosis, age at baseline, educa-
tional attainment (high school completion or less, associate
degree/some college, college graduate or above), household
income (<125% or ≥125% of the Federal Poverty Level), and pro-
vider practice setting (academic tertiary care center, community
provider, safety net hospital clinic).

Statistical analysis. We compared mean age at baseline,
disease duration, and age at diagnosis across racial/ethnic groups
and across Asian subgroups using analysis of variance (ANOVA)
F tests. Differences in the 3 SLE disease outcome measures
between racial/ethnic groups and among subgroups of Asian ori-
gin were examined using multivariable linear regression models
controlling for age at baseline, sex, educational attainment, and
age at diagnosis. Individuals categorized as Multiracial/other were
omitted from the multivariable analyses because of the small num-
ber (n = 5). We added interaction terms for age at diagnosis and
race/ethnicity to the multivariable models to evaluate whether the
association of age at diagnosis with the 3 disease outcome mea-
sures varied across racial/ethnic groups or among Asian
subgroups.

We examined racial/ethnic differences in the prevalence of
organ system damage as defined by the SDI by ranking the indi-
vidual organ systems from highest to lowest prevalence across
the whole sample and for each racial/ethnic group. We also calcu-
lated the age-adjusted prevalence of specific organ system dam-
age across race/ethnic groups to account for the differential age
distribution by race/ethnicity and compared prevalences using
ANOVA F tests.

As a sensitivity analysis, we re-estimated the multivariable
models containing women only because there were few men. All
analyses were conducted in SAS, version 9.4, and Stata Statisti-
cal Software, release 15.

RESULTS

Descriptive characteristics of the study sample (n = 328) are
shown in Table 1. Nearly 90% of the participants were women, the
mean � SD age at baseline of the group was 45.0 � 14.0 years,
with a mean � SD disease duration of 16.3 � 10.5 years. Reflect-
ing the demographic characteristics of the San Francisco Bay area,
Asian participants made up the largest portion of the sample (38%),
including 71 participants of Chinese, 31 of Filipino, and 23 of Other
Asian descent. Approximately 22% reported high school education
or less, 17% had household incomes below 125% of the Federal
Poverty Level, and 18% received SLE care froma safety net hospital
clinic. Nearly one-half of the sample had a diagnosis of SLE nephritis
(47%). Additional data on sociodemographic variables by racial/
ethnic background can be found in Supplementary Table 1,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24544/abstract.

The racial/ethnic groups in the study had statistically signifi-
cant differences in mean age at baseline, disease duration, and
age at diagnosis (Table 2). Of the main race/ethnicity categories,
Asian and Hispanic patients were the youngest (mean age at base-
line 42.1 and 40.3 years, respectively) and had similarly young ages
at diagnosis (mean age 27.9 and 27.0 years) and the shortest
disease duration (mean 14.2 and 13.3 years). Within the Asian
subgroups, there were significant differences in age at baseline
and at diagnosis. Filipino patients were the youngest among Asian
subgroups overall (mean age at baseline 36.5 years) and had an
earlier age at diagnosis compared with Chinese or other Asian
participants (22.2, 30.1, and 28.8 years, respectively; P = 0.02).
Disease duration did not differ across Asian subgroups.

Lupus disease activity as measured by the SLEDAI was low
across all racial/ethnic groups, with a mean of 2.9 (range 0–16)

Table 1. Baseline demographic and systemic lupus erythematosus
(SLE) characteristics of 328 California Lupus Epidemiology Study par-
ticipants, 2015–2018*

Characteristic Value

Demographic characteristics
Age, mean � SD (range) years 45.0 � 14.0 (19–83)
Women 291 (89)
Race/ethnicity

Asian 125 (38)
Chinese 71 (22)
Filipino 31 (9)
Other Asian† 23 (7)

White 95 (29)
Hispanic 69 (21)
Black 34 (10)
Multiracial/other 5 (2)

Interview language
English 283 (86)
Chinese (Mandarin or
Cantonese)

25 (8)

Spanish 20 (6)
Educational attainment

High school completion or less 72 (22)
Associate degree/some college 10 (30)
College graduate 156 (48)

Below poverty or near poor‡ 57 (17)
SLE characteristics

Disease duration, mean � SD
(range) years

16.3 � 10.5 (0–58)

Age at diagnosis, years
<18 57 (17)
18–25 95 (28)
26–35 93 (28)
36–67 (max) 83 (25)

Lupus nephritis 153 (47)
Provider practice setting

Academic tertiary care 136 (42)
Community 131 (40)
Safety net hospital clinics 60 (18)

* Values are the number (%) unless indicated otherwise. Race/
ethnicity categories include Hispanic and non-Hispanic White, Asian,
Black, and Multiracial/other.
† Southeast Asian (n = 9), Korean (n = 5), Japanese (n = 3), Indian
(n = 3), Taiwanese (n = 2), and Hawaiian (n = 1).
‡ Household income below 125% of the Federal Poverty Level.

DEQUATTRO ET AL898

http://onlinelibrary.wiley.com/doi/10.1002/acr.24544/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24544/abstract


(Table 3) and not significantly different among racial/ethnic
groups after adjustment for age at baseline, age at diagnosis,
sex, and educational attainment. Lupus severity as measured
by the LSI was significantly higher in Asian as compared to White
patients (7.1 versus 6.5; P < 0.05) after adjustment, but Asian
LSI scores were not significantly different from those of Hispanic
or Black patients. Lupus organ damage as measured by the SDI
was lower among Asian patients than Black patients, but after
adjustment, this difference was not statistically significant (1.9
versus 2.5, respectively; P = 0.12). White and Hispanic patients
had similar SDI scores to Asian patients. All SLE disease out-
come measures were the same across Asian subgroups. In the

adjusted model, SDI scores were highest among those with
childhood onset SLE and declined with increasing age at
diagnosis.

The differences in age at diagnosis by race/ethnicity and the
differences in disease outcomes by both race/ethnicity and age
at diagnosis led us to investigate interactions between age at
diagnosis and race/ethnicity. We found a statistically significant
interaction (α = 0.05) between age at diagnosis and race/ethnicity
for the SDI but not the SLEDAI or LSI. Younger age at diagnosis
was associated with higher SDI scores among Asian patients
after controlling for sex and age at baseline (Figure 1). A similar
pattern was seen among Black and Hispanic patients, but not

Table 2. Mean age at baseline, disease duration at baseline, and age at diagnosis by major race/ethnicity category and by Asian subgroups*

No.
Age at baseline,

years
Disease duration
at baseline, years

Age at diagnosis,
years

By major race/ethnicity category
Total, mean � SD 328 45.0 � 14.0 16.3 � 10.5 28.7 � 12.2
Asian 125 42.1 (39.6–44.7) 14.2 (12.4–16.0) 27.9 (25.6–30.3)
White 95 50.3 (47.6–53.0) 21.0 (18.9–23.0) 29.4 (26.9–31.8)
Hispanic 69 40.3 (37.1–43.5) 13.3 (11.0–15.7) 27.0 (24.1–29.9)
Black 34 49.9 (45.4–54.4) 15.9 (12.5–19.3) 34.0 (29.9–38.1)
Other 5 44.2 (32.4–56.0) 21.6 (12.8–30.4) 22.6 (12.0–33.2)

P <0.001 <0.001 0.04
By Asian subgroup
Asian, mean � SD 125 42.1 � 14.3 14.2 � 9.9 27.9 � 13.4

Chinese 71 44.2 (40.9–47.5) 14.1 (11.7–16.4) 30.1 (27.1–33.2)
Filipino 31 36.5 (31.5–41.5) 14.3 (10.7–17.8) 22.2 (17.6–26.9)
Other Asian† 23 43.3 (37.5–49.1) 14.5 (10.3–18.6) 28.8 (23.4–34.2)

P 0.04 0.99 0.02

* Values are the mean (95% confidence interval) unless indicated otherwise. Race/ethnicity categories include Hispanic and non-Hispanic
White, Asian, Black, and Multiracial/other.
† Southeast Asian (n = 9), Korean (n = 5), Japanese (n = 3), Indian (n = 3), Taiwanese (n = 2), and Hawaiian (n = 1).

Table 3. Systemic lupus erythematosus disease activity, severity, and damage at baseline by race/ethnicity and age at diagnosis with and with-
out adjustment*

Characteristic

Disease activity (SLEDAI) Disease severity (LSI) Disease damage (SDI)†

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Overall, mean (range) 2.9 (0–16) – 6.9 (3.4–9.5) – 1.8 (0–10) –

Race/ethnicity
Asian 3.0 (2.5–3.6) 3.0 (2.4–3.5) 7.1 (6.8–7.4)‡ 7.1 (6.8–7.4)‡ 1.6 (1.3–2.0) 1.9 (1.5–2.2)
Chinese 2.9 (2.2–3.5) 3.0 (2.3–3.6) 7.1 (6.7–7.4) 7.3 (6.9–7.6) 1.5 (1.1–1.9) 1.6 (1.2–2.0)
Filipino 3.4 (2.4–4.4) 3.6 (2.6–4.6) 6.9 (6.4–7.5) 6.9 (6.4–7.5) 1.7 (1.1–2.3) 1.7 (1.1–2.4)
Other Asian§ 3.1 (1.9–4.3) 3.4 (2.2–4.6) 7.5 (6.8–8.1) 7.6 (7.0–8.3) 2.1 (1.4–2.9) 2.1 (1.4–2.9)

White 2.5 (1.8–3.1) 2.9 (2.2–3.6) 6.2 (5.9–6.5) 6.5 (6.1–6.8) 1.9 (1.5–2.3) 1.5 (1.1–1.9)
Hispanic 3.7 (3.0–4.4)‡ 3.4 (2.6–4.1) 7.4 (7.1–7.8)‡ 7.3 (6.9–7.6)‡ 1.8 (1.3–2.3) 2.0 (1.6–2.5)
Black 2.4 (1.3–3.4) 2.5 (1.4–3.5) 6.6 (6.1–7.2) 6.9 (6.4–7.4) 2.4 (1.8–3.1) 2.5 (1.8–3.1)

Age at diagnosis, years
<18 2.9 (2.1–3.8) 2.1 (1.2–3.0) 7.5 (7.1–7.8)¶ 7.2 (6.7–7.6) 1.7 (1.2–2.2) 2.6 (2.0–3.1)¶
18–25 3.3 (2.5–4.0) 2.7 (2.0–3.4) 7.2 (6.9–7.5)¶ 7.0 (6.7–7.4) 1.8 (1.4–2.2) 2.5 (2.1–2.9)¶
26–35 3.2 (2.6–3.9) 3.3 (2.7–4.0) 6.6 (6.3–7.0) 6.8 (6.5–7.1) 2.0 (1.5–2.5) 1.9 (1.5–2.3)¶
36–67 (max) 2.4 (1.9–2.9) 3.1 (2.3–3.9) 6.3 (5.9–6.7) 6.6 (6.2–7.0) 1.8(1.4–2.2) 0.9 (0.4–1.4)

* Values are the mean (95% confidence interval) unless indicated otherwise. Adjusted models include variables for race/ethnicity, age at diag-
nosis and baseline, sex, and education. Multiracial/other (n = 5) not included in adjusted models. LSI = Lupus Severity Index; SDI = Systemic
Lupus International Collaborating Clinics/American College of Rheumatology Damage Index; SLEDAI = Systemic Lupus Erythematosus Disease
Activity Index.
† Higher value is the worse outcome.
‡ P < 0.05 for difference with Asian patients.
§ Southeast Asian (n = 9), Korean (n = 5), Japanese (n = 3), Indian (n = 3), Taiwanese (n = 2), and Hawaiian (n = 1).
¶ P < 0.05 for difference with oldest age at diagnosis.
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among White patients, among whom SDI scores were the same
across age at diagnosis.

Differences in patterns of organ damage by race/ethnicity
can be found in Table 4. Asians experienced ocular and musculo-
skeletal damage most frequently (23% and 21%), followed by
neuropsychiatric (16%) and renal long-term sequelae (16%). The
prevalence of involvement of the various organ systems did not
differ significantly across racial/ethnic groups except for skin man-
ifestations, which were more prevalent among Black patients.

Because of the small number of men in this cohort, we con-
ducted a sensitivity analysis excluding men from the multivariable
analyses. The results are consistent with our main analysis and
are not presented here.

DISCUSSION

Our study is among the first to describe SLE disease out-
comes across racial/ethnic groups with a focus on Asian patients

in the US. In this multiethnic population-based cohort, we found
greater SLE severity in Asian as compared with White partici-
pants. Although Asian individuals are generally thought to be a
healthy group compared to other races/ethnicities (26), this work
demonstrates that SLE is another chronic health condition that
disproportionately affects Asians, such as tuberculosis,
hepatitis B, and certain malignancies (27).

Asian and Hispanic participants had the youngest age at
diagnosis across the major racial/ethnic groups in the CLUES
sample. Filipino participants experienced the earliest average
age at diagnosis of all racial/ethnic groups. Accounting for delays
from SLE symptom onset and diagnosis, our findings are consis-
tent among studies reporting a younger age at disease onset
among non-White and Asian patients as compared with White
patients (5,6,28–30). Similarly, meta-analyses of Asian SLE
patients outside the US demonstrated the range in age at onset
across Asian subgroups (31), with Filipino patients having the
youngest age at diagnosis (32). Differences in age at onset or
diagnosis in Asian versus non-Asian patients may stem from bio-
logic and environmental factors. For example, differences in
genetic risk among Asian patients may contribute to earlier onset
disease via increased susceptibility to severe aspects of SLE,
such as SLE-associated nephritis (33–36). The higher severity of
SLE found in cohorts from Australia and Southeast Asia suggest
that genetic susceptibility may play a role, and some studies have
started to uncover differences in immunologic responses among
Asian subgroups. For example, emerging literature suggests
higher levels of the proinflammatory cytokine macrophage migra-
tion inhibitory factor (MIF) among Asian individuals with SLE. MIF
has been linked to worse SLE disease damage (37). Among Asian
individuals in particular, higher MIF levels were independently
associated with persistently active SLE (38). In contrast, the type
I interferon signature, which has been implicated in SLE patho-
genesis (39) and is a target for novel therapy (40,41), was not
found to be meaningfully different among Asian as compared to
White patients, at least based on chemokine profile. Ongoing
study of unique variations in genetic susceptibility has the poten-
tial to inform treatment pathways for Asian patients with SLE.

Figure 1. Systemic Lupus International Collaborating Clinics/
American College of Rheumatology Damage Index (SDI) score by
race/ethnicity and age at diagnosis, adjusting for baseline age, sex,
and educational attainment for race/ethnicity categories Hispanic
(gray), non-Hispanic White (yellow), Asian (blue), and Black (orange).

Table 4. Age-adjusted percentage with specific baseline Systemic Lupus International Collaborating Clinics/American College of Rheumatology
Damage Index (SDI) organ system damage by race/ethnicity*

SDI organ system

Total
(n = 323)

Asian
(n = 125)

White
(n = 95)

Hispanic
(n = 69)

Black
(n = 34)

P‡% Rank† % Rank† % Rank† % Rank† % Rank†

Musculoskeletal 24 1 21 2 29 1 24 2 24 2 0.648
Ocular 21 2 23 1 17 3 27 1 19 3 0.398
Neuropsychiatric 19 3 16 3 25 2 13 6 18 4 0.265
Skin 14 4 11 6 10 5 14 4 31 1 0.021
Renal 14 5 16 4 7 6 21 3 17 5 0.087
Vascular 10 6 12 5 6 7 14 5 11 8 0.415
Malignancy 8 7 3 11 14 4 7 8 8 9 0.060

* Multiracial/other omitted due to small sample size.
† Organ systems ranked by prevalence in each group.
‡ P value for test of any difference in proportions across racial/ethnic groups.
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Environmental factors, such as social determinants of
health, may negatively impact access to care by Asian individ-
uals in some geographic regions more than others (42). Certain
factors like adverse childhood experiences, which commonly
are associated with poor reported health status in SLE patients,
may be less problematic for Asian individuals because Asian
participants reported significantly less exposure to adverse
childhood experiences compared with all other racial/ethnic
groups (43). Regardless of the causes of the differences in SLE
between Asian and non-Asian patients, our results underscore
the complexity of patterns of early-onset disease in Asian
patients and support the need for closer study to discern under-
lying drivers.

There were no significant differences in disease activity by
race/ethnicity, nor by age at diagnosis, age at baseline, sex, or
educational attainment. This may be because this measure was
collected during a study visit rather than routine or acute clinical
care. Other studies have reported conflicting results regarding
racial/ethnic differences in disease activity: some identified no
differences (6), while another US study in Texas and Alabama
determined that disease activity was higher among Black and
Hispanic participants than White participants (1). Clinically
meaningful higher disease activity occurred in Australian
Asian patients compared with non-Asian patients with SLE.
Australian Asian patients experienced more persistently active
SLE than non-Asian patients (odds ratio 2.14 [95% confidence
interval 1.05–4.38], P < 0.04) (7,38). Patterns of disease activity
and flares among Asian patients and Asian subgroups in clinical
or hospital settings in the US need further elucidation.

There was greater SLE severity among Asian as compared
with White SLE patients by the LSI, a newer measure of severity
that projects morbidity and mortality based on ACR diagnostic
criteria alone. Asian patients have increased rates of renal mani-
festations as well as antibody abnormalities (6,44,45), elements
that garner higher weights in the LSI (23). In the parent surveil-
lance project to the CLUES, Asian patients not only have high
SLE severity as predicted by the LSI but also greater risk of
developing SLE nephritis compared with other races/ethnicities
(44). The worse severity among Asian participants in this study,
which may be influenced by HLA susceptibilities or genetic risk
alleles (46,47), aligns with clinical data from other multiethnic
cohorts in Canada and Australia (6,7). Our work has permitted
a more granular study of outcomes in US Asian individuals and
emphasizes the important findings of 2 studies of US Asian
patients in the last 2 decades. The Manhattan Lupus Surveillance
Project found that US Asian participants had significantly higher
prevalence of renal involvement based on ACR criteria as com-
pared with White participants (13). A study on Medicare claims
data demonstrated that US Asian individuals and especially US
Asian female individuals had the highest estimated prevalence of
SLE nephritis of all ethnic groups (48). Although studies have
defined lupus severity differently (by organ involvement, exposure

to immunosuppressive therapies and their side effects, or persis-
tently active disease), they consistently support the notion that indi-
viduals of Asian descent tend to have severe forms of SLE.

Identification of groups at higher risk for organ damage in
SLE is vital since existing organ damage predicts future damage
accrual and mortality (49). Compared with White individuals,
non-White racial/ethnic groups experience more frequent and
greater organ damage (29). In the CLUES, damage among Asian
patients was not significantly different from that among Hispanic
or White participants, whereas Black patients experienced the
worst organ damage overall. Despite high disease severity,
accumulation of damage in Asian patients is inconsistent in other
studies (5–7,49). Variations in damage do not sufficiently explain
disability or mortality among Asian patients with SLE and need to
be further explored.

We discerned a significant interaction between race and age
at diagnosis on organ damage, as non-White patients experi-
enced more damage with earlier disease onset than White
patients. Previous studies found that earlier age at diagnosis pre-
dicts worse organ damage, but our study suggests that this rela-
tionship is not uniform across racial/ethnic groups (49).

There are limitations to our study. We relied on self-report
for age at diagnosis, thus age could be over- or underestimated
in the sample. Another limitation is the overall low disease activity
scores, which is likely because patients were unable, or chose
not, to attend study visits when they had clinically active disease.
Since all persons in our study resided in the San Francisco Bay
area, these results may not be generalizable to the population
at large. Furthermore, sample sizes among Asian, Hispanic,
and White patients were robust for comparisons, yet the low
numbers of Black participants limited comparisons to this
group. Asian individuals represent a large portion of the world
population; our subgroup was primarily Chinese. The ability to
compare among Asian subgroups was limited by small num-
bers. Since our study suggests that Filipino patients had the
earliest age at diagnosis, further investigation into subgroup dif-
ferences among Asian individuals is essential.

The major strength of this work was that it permitted close
study of an available US Asian population with well-defined SLE.
Concerted efforts to employ study personnel who spoke patients’
native languages and to provide materials available in Chinese
and Spanish were integral to successfully recruit and follow-up
Asian and Hispanic individuals with SLE in the CLUES.

In conclusion, we found that US Asian patients, primarily Chi-
nese but especially Filipino patients, demonstrated earlier age at
diagnosis and higher disease severity as measured by the LSI
than White patients. Increased vigilance among clinicians caring
for Asian patients with SLE may detect more severe disease ear-
lier in this group, which could improve outcomes. Further defining
unique disease patterns, genetic influences, and treatment
responses among Asian subgroups may help to identify patients
at greatest risk for disability and death.
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Adverse Perinatal Outcomes Before and After Diagnosis
of Systemic Lupus Erythematosus Among African
American Women

Meghan Angley,1 Carolyn Drews-Botsch,2 Tené T. Lewis,1 Martina Badell,3 S. Sam Lim,4

and Penelope P. Howards1

Objective. Women with systemic lupus erythematosus (SLE) may experience adverse perinatal outcomes in the
years before an SLE diagnosis. Overall, there is limited research on perinatal outcomes among African American
women with SLE. We undertook this study to examine the risk of preterm and small-for-gestational age births among
African American women with SLE compared to the general population of African American women in a large
metropolitan area.

Methods. Information about women with SLE was identified from the Georgia Lupus Registry and the Georgians
Organized Against Lupus Cohort and was linked with birth certificates by the Georgia Department of Public Health.
Births were categorized into occurring more than 3 years before SLE diagnosis, 0–3 years before SLE diagnosis,
0–3 years after SLE diagnosis, or more than 3 years after SLE diagnosis. Comparison birth certificates to African
American women in the same geographic area were obtained from the National Center for Health Statistics. We used
log-risk models to compare the risk of preterm or small-for-gestational age births among SLE births in each diagnosis
timing category to the general population, adjusting for maternal age and education and parity.

Results. Births to women with SLE were more likely to occur preterm at 0–3 years before SLE diagnosis (risk ratio
[RR] 1.71, 95% confidence interval [95% CI] 1.24–2.35), 0–3 years after SLE diagnosis (RR 2.29, 95% CI 1.70–3.09), and
3 or more years after SLE diagnosis (RR 2.83, 95%CI 2.36–3.38), but not 3 ormore years before SLE diagnosis compared
to the general population (RR 1.03, 95%CI 0.77–1.38). Similar results were observed for small-for-gestational age births.

Conclusion. Our analysis, conducted among African American women, demonstrates an increased risk of adverse
perinatal outcomes even before a clinical diagnosis of SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune dis-

ease that commonly affects the heart, skin, joints, kidneys, and

eyes and can cause progressive, permanent damage to these

organs (1,2). The disease is characterized by periods of quies-

cence and periods of flare-ups where autoimmune functioning is

highly active (3). Individuals who will be diagnosed with SLE can

exhibit autoimmune abnormalities 3 years before the clinical onset

of SLE (4,5).

Women are 9 times more likely to be diagnosed with SLE

compared to men, and among women the incidence among Afri-

can American women is 3 times the incidence rate compared to

White women (6–8). As SLE is primarily diagnosed among

women, and is typically diagnosed during their reproductive

years, understanding the effect of SLE on perinatal outcomes is

important (9). Studies suggest that preterm birth, small-for-

gestational age (SGA) birth, preeclampsia, and fetal and maternal

death are all more common among women with SLE than women

without SLE (10–16).
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While the risk of extreme outcomes such as fetal and maternal
mortality are low among women with SLE, the high risk of more
common outcomes, such as preterm birth (25–30% of SLE preg-
nancies among White women) remains concerning (13,15–17).
Several studies have examined racial disparities in perinatal out-
comes between African American and White women with SLE.
These studies often had few African American participants and
therefore examined composite adverse outcomes or used hospital
discharge data to examine International Classification of Diseases,
Ninth Revision (ICD-9) codes for preterm labor as a proxy for preterm
birth (18–21). Only 1 study was large enough to provide estimates
for preterm birth, but not for SGA birth among African American
women with SLE (22). SGA birth is used as a population-level proxy
of fetal growth restriction, which is measured by successive ultra-
sounds in utero (23). The estimates for SGA birth are less consistent
in SLE pregnancies, but some indicate the risk of SGA birth is nearly
20% among SLE births to White women, while there are no esti-
mates specifically among African American women (11,13). Infants
born preterm or SGA are vulnerable to infant respiratory issues,
infection, slow weight gain, stunted growth, and impaired cognitive
development (23,24). Several studies have suggested that there is
an elevated risk of adverse perinatal outcomes among women with
SLE even before their clinical diagnosis is made (13,17,22,25,26).

Despite the interest in pregnancy outcomes among women
with SLE, important gaps in the literature remain. There is limited
research on preterm and SGA births specifically among African
American women with SLE, and only 1 study has examined perina-
tal outcomes before SLE diagnosis among African American
women. In the present analysis, we examine the risk of preterm
and SGA birth among African American women with SLE com-
pared to the general population of African American women in a
large metropolitan area. We examine births both before and after
the date of SLE diagnosis. We hypothesize that, compared to the
general African American population, the risk of preterm and SGA
births is elevated among African American women with SLE before
diagnosis and is elevated to an even greater extent after diagnosis.

PATIENTS AND METHODS

Study population with SLE.Women with SLE were iden-
tified from both the Georgia Lupus Registry (GLR) and the

Georgians Organized Against Lupus (GOAL) Cohort. The GLR is
a population-based registry of individuals living with SLE in
2002–2004 in Fulton and DeKalb counties, the 2 most populous
counties in metropolitan Atlanta, Georgia. Both incident and prev-
alent cases were identified during this time period. SLE cases
were primarily identified from hospitals and rheumatology,
nephrology, and dermatology groups in and around the catch-
ment area. Administrative databases were also queried retro-
spectively. To be considered a case, individuals had to either
meet ≥4 of the revised American College of Rheumatology (ACR)
criteria or 3 of the ACR criteria and have a diagnosis of SLE by a
board-certified rheumatologist documented in the medical record
(6,27). The GLR and GOAL Cohorts were both approved by the
Institutional Review Boards of Emory University and the Georgia
Department of Public Health.

The GOAL Cohort is an ongoing cohort that originally began
recruitment from the GLR and has since enrolled additional
patients with SLE using the same case definition as the GLR from
hospitals and clinics in the Atlanta area. Reflecting the racial distri-
bution of SLE in the Atlanta metropolitan area, approximately 80%
of the participants in GLR/GOAL are African American (6,28). This
analysis is restricted to African American female participants in
GLR/GOAL to generate reliable estimates for an understudied
group of women affected by SLE. This analysis was also
restricted to singleton births.

Female participants in GLR/GOAL were linked to Georgia
birth certificates from 1994 to 2018 on which they are identified
as the mother. The data linkage was conducted by the Georgia
Department of Public Health with a multi-stage matching algo-
rithm using combinations of various identifying keys (29).

Comparison birth certificates. Birth certificates from the
general population between 1994 and 2018 were obtained from
the National Center for Health Statistics. All singleton births occur-
ring to African American women in Georgia during the appropriate
time frame were identified. Sampling was done to achieve a 1:20
ratio of SLE births to general population births. The sampling of
births to the general population was conducted so that the distri-
bution of general population births by year (1994–2018) and
maternal county of residence matched the distribution of births
to women with SLE to generate a more appropriate comparison
group.

Variable definitions. The exposure of interest was a diag-
nosis of SLE. In GLR/GOAL, a diagnosis of SLE was confirmed by
physician review of medical records. When available in
GLR/GOAL, the date of diagnosis was captured in medical
records. When the medical records were not available, the date
of diagnosis was obtained by self-report. Births to women with
SLE were categorized as occurring more than 3 years before
diagnosis, within 3 years before diagnosis, within 3 years after
diagnosis, or more than 3 years after diagnosis. Women whose

SIGNIFICANCE & INNOVATIONS
• African American women with systemic lupus ery-

thematosus (SLE) are at an increased risk of deliver-
ing preterm or small-for-gestational age infants
compared to the general population.

• There is an increased risk of delivering preterm or
small-for-gestational age infants among African
American women in the years before they receive
a diagnosis of SLE.
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diagnoses occurred during pregnancy were categorized as hav-
ing their births within 3 years after diagnosis.

Preterm birth was defined as a birth occurring before 37
completed weeks of gestation, identified from the clinical best
estimate of gestation on the birth certificate. SGA births were
infants born with birthweights below the 10th percentile by gesta-
tional age at birth. We used published standards of birthweights
by gestational age that were developed from a national data set
of singleton births to non-Hispanic, African American mothers
(30). Potential confounders of interest, including maternal age,
education, parity, and initiation of prenatal care, were obtained
from the birth certificate.

Statistical analysis. Descriptive characteristics of births in
each exposure category were summarized using frequencies and
percentages. We generated estimated risk ratios (RRs) using log-
risk models. In our data, births to women with SLE have unique
identifiers, where we can identify births occurring to the same
woman among women with SLE; however, in the set of births to
the general population, we cannot identify unique women in the
data. Since our main analyses were conducted treating all births
as independent events, the precision of the confidence intervals
(CIs) for our estimates is potentially overestimated. We addressed
this issue in 2 ways. First, we conducted a sensitivity analysis that
restricted the study population to first births. Second, we con-
ducted a simulation to examine the effect of not accounting for
covariance among births in the main analysis. This simulation is
described and presented in Supplementary Appendix A (available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24848). We also ran a sensitivity
analysis restricting the sample to vaginal births only. Finally, as
management of SLE and counseling around pregnancy may have
changed between 1994 and 2018, we also ran a final model that
included a variable for a particular time period (1994–2000,
2001–2005, 2006–2010, or 2011–2018) to examine how tempo-
ral changes may have affected our results. All analyses were
conducted using SAS, version 9.4.

RESULTS

Our final analytical sample included 583 births to African
American women with SLE and 11,660 births to African American
women in the general population from metropolitan Atlanta.
Among women with SLE, the majority of births occurred before
SLE diagnosis, with the greatest proportion (40.8%) occurring
more than 3 years before diagnosis (Table 1). The distribution of
maternal age at delivery was slightly younger among African
American women with SLE compared to the general population
of African American women, with 51.3% of SLE births to women
under age 25 years, compared to 46.0% of births in the general
population. Women with SLE were likely to initiate prenatal care
in the first trimester (72.2% of births), which was similar to the

general population (69.7%). Approximately 40% of SLE births
and of births in the general population were first births. A notice-
ably higher proportion of SLE births were delivered by cesarean
section (33.1% versus 24.7%).

Overall, 28.5% of births in our cohort of African American
women with SLE were preterm, compared to 15.6% among Afri-
can American women in the general population. The proportion of
births that were preterm among women with SLE increased line-
arly by timing of the birth in relation to SLE diagnosis, ranging from
16.4% of births more than 3 years before diagnosis to 43.3% of
births more than 3 years after diagnosis (Figure 1). The pattern
was different when examining SGA births. The risk of SGA birth
was 10.9%more than 3 years before diagnosis, but 27.9% within
3 years after diagnosis. By more than 3 years after SLE diagnosis,
the proportion of births that were SGA was 21.3% of births. There
also was a trend in the proportion of SLE births that were deliv-
ered by cesarean section. Births occurring before SLE diagnosis
were about as likely to be delivered by cesarean section as the

Table 1. Participant characteristics*

Characteristic
SLE births
(n = 583)

Non-SLE
births

(n = 11,660)

Timing of birth
>3 years before diagnosis 238 (40.8) –

Within 3 years before diagnosis 102 (17.5) –

Within 3 years after diagnosis 79 (13.6) –

>3 years after diagnosis 164 (28.1) –

Preterm birth
Preterm 166 (28.5) 1,812 (15.6)
Not preterm 417 (71.5) 9,829 (84.4)

Small-for-gestational age birth
Yes 108 (18.5) 1,141 (9.9)
No 475 (81.5) 10,426 (90.1)

Maternal age, years
12–19 119 (20.4) 1,949 (16.7)
20–24 180 (30.9) 3,411 (29.3)
25–29 138 (23.7) 2,934 (25.2)
30–34 90 (15.4) 2,082 (17.9)
35–39 44 (7.6) 1,050 (9.0)
40+ 12 (2.1) 234 (2.0)

Prenatal care initiation
First trimester 421 (72.2) 8,122 (69.7)
Second trimester 88 (15.1) 1,890 (16.2)
Third trimester 11 (1.9) 389 (3.3)
No prenatal care 6 (1.0) 293 (2.5)
Unknown 57 (9.8) 966 (8.3)

Parity
1 238 (40.8) 4,571 (39.3)
2–3 263 (45.1) 5,182 (44.6)
4+ 82 (14.1) 1,879 (16.2)

Delivery method
Vaginal 390 (66.9) 8,756 (75.3)
Cesarean section 193 (33.1) 2,872 (24.7)

Education
High school or less 367 (64.2) 6,846 (60.1)
Some college 127 (22.2) 2,700 (23.7)
College or higher 78 (13.6) 1,841 (16.2)

* Values are the number (percentage). SLE = systemic lupus
erythematosus.
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general population (24.7%), but births occurring within 3 years
after diagnosis and more than 3 years after diagnosis were much
more likely to be delivered by cesarean section (45.6% and
44.5%, respectively) (Figure 2). Preterm births to African Ameri-
can women with SLE were more likely to be delivered by cesarean
section than preterm births to women without SLE, especially
within 3 years after diagnosis, where over 70% of preterm deliver-
ies were by cesarean section, compared to 29% in the general
population (Figure 3).

In models adjusted for maternal age, education, and parity,
births occurring to African American women with SLE more than
3 years before their diagnosis did not have an increased risk of
preterm birth compared to the general population (RR 1.03,
95% confidence interval [95% CI] 0.77–1.38) (Table 2). Births
occurring within 3 years before diagnosis did have an increased
risk of preterm birth compared to the general population
(RR 1.71, 95% CI 1.24–2.35). For births to women with SLE
occurring after their diagnosis, the risk of preterm birth was more
than twice that of the general population. Births more than 3 years
after diagnosis had the highest risk of preterm birth, with an RR of
2.83 (95% CI 2.36–3.38). These estimates differed only slightly
from the unadjusted estimates.

When we restricted the preterm birth models to first births only
(and adjusted for maternal age and education), the estimates
showed a similar pattern. SLE was not associated with preterm birth
more than 3 years before diagnosis (RR 1.20, 95% CI 0.77–1.86),
but the RR increased for each diagnosis timing category (within
3 years before, within 3 years after, and more than 3 years after),
with the greatest RR occurring among births more than 3 years after
diagnosis (RR 3.56, 95%CI 2.74–4.62). The results were also similar
when we restricted the model to vaginal births only. The estimates
from the fully adjusted model for preterm birth did not significantly
change after adjusting for the time period (results not shown).

In models adjusted for maternal age, education, and parity
examining the risk of SGA birth, among births to women with

SLE more than 3 years before diagnosis, there was no evidence
of an increased risk of SGA birth compared to the general popula-
tion of African American women (RR 1.05, 95% CI 0.72–1.53)
(Table 3). Among births to women with SLE occurring within
3 years before diagnosis, the RR increased to 2.38 (95% CI
1.69–3.36), and to a maximum of 2.89 (95% CI 2.03–4.13) when
births occurred within 3 years after SLE diagnosis. Although still
greater than the general population, the risk of SGA birth was
lower among births occurring more than 3 years after diagnosis
compared to those occurring closer to the time of SLE diagnosis
(RR 2.28, 95% CI 1.69–3.07). The unadjusted estimates were of
a similar magnitude and showed the same pattern, with the great-
est increased risk among SLE births occurring within 3 years after
diagnosis.

We also restricted the adjusted model for SGA birth to first
births only. There was a similar pattern among first births. There
does not appear to be an association among women more than
3 years before their SLE diagnosis (RR 0.85; 95% CI 0.47–1.55),
but an increase within 3 years before diagnosis (RR 2.60, 95%
CI 1.70–3.99), the greatest increase in risk observed among

Figure 1. Preterm births and small-for-gestational age (SGA) births
by timing of birth in relation to systemic lupus erythematosus (SLE)
diagnosis among African American women. Error bars indicate 95%
confidence intervals for binomial proportions.

Figure 2. Proportion of births delivered by cesarean section by tim-
ing of systemic lupus erythematosus (SLE) diagnosis among African
American women.

Figure 3. Delivery method among preterm births to African Ameri-
can women. Values at top of each bar indicate overall proportion of
births that were preterm. SLE = systemic lupus erythematosus.
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births occurring within 3 years after SLE diagnosis (RR 2.96, 95%
CI 1.74–5.03), which then decreased more than 3 years after
diagnosis (RR 2.15, 95% CI 1.37–3.36). The estimates showed
a similar pattern when we restricted the model to vaginal births
only. The estimates from the fully adjusted model for SGA birth
also did not significantly change after adjusting for the time period
(results not shown). The results of the simulation analysis pre-
sented in Supplementary Appendix A suggest that the precision
of the estimated CIs may have been slightly overestimated, by
3–4%, by not accounting for the covariance of births occurring
to the same woman (Supplementary Figures 1 and 2, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24848).

DISCUSSION

The births to African American women with SLE in our study
population occurred to slightly younger women than births to the
general population of African American women. Births to women
with SLE were roughly equally likely to have been to women with
a college degree and to be first births compared to the general
population of African American women. In our analysis, we found
an increased risk of preterm birth and SGA birth among African
American women with SLE, both in the years immediately before
diagnosis of SLE and in the years after diagnosis. However, we
saw a different pattern for preterm births compared to SGA births.
The risk of preterm birth was elevated among births occurring
within 3 years before diagnosis, 3 years after diagnosis, and
among births occurring more than 3 years after diagnosis. The
greatest increased risk of SGA occurred in the 3 years immedi-
ately after SLE diagnosis.

Individuals with SLE demonstrate immune abnormalities
prior to SLE diagnosis, but perinatal outcomes before diagnosis
are not often considered. We could only find 5 studies that exam-
ined perinatal outcomes both before and after SLE diagnosis that

also included a comparison group (13,17,22,25,26). Two of these
studies are from the early 1990s and may not reflect current prac-
tices in counseling SLE pregnancies. Only 2 studies used statisti-
cal modeling to control for potential confounders. Except for the
study by Barnado et al (22), none of these studies provide esti-
mates specifically among African American women. We provide
an important replication of the findings by Barnardo et al in a
population of African American women in a major metropolitan
setting, as well as extending their findings to include SGA birth
estimates among African American women with SLE.

All 5 studies that examined the risk of preterm and/or SGA
birth before diagnosis found an increased risk of preterm birth
and SGA birth before diagnosis when compared to a non-SLE
cohort. Only 1 of these studies, Arkema et al (13), distinguished
between births occurring 2–5 years before diagnosis and
0–2 years before diagnosis in a Swedish cohort. This study found
the risks of preterm and SGA births were especially elevated
0–2 years before diagnosis. Our results also provide support for
an association between a pre-diagnosis state of SLE and adverse
perinatal outcomes among African American women who will
eventually be diagnosed with SLE. This could be due to immune
abnormalities experienced in the years before a clinical diagnosis.
Antiphospholipid antibodies and anti-Ro antibodies can both be
elevated years before a clinical SLE diagnosis is possible and
have also been shown to be associated with preterm birth
(5,16,20). Conversely, the observed association could be due to
the symptoms of active SLE, which have been shown to be
associated with adverse perinatal outcomes (31–33). Diagnosis
of SLE is often delayed even after the presentation of clinical
symptoms (34).

We could only find one other study that examined the risk of
preterm birth before diagnosis specifically among African Ameri-
can women with SLE (22). Our results were of a similar magnitude
as the study by Barnado et al for births before SLE diagnosis,
where they found an odds ratio (OR) of 1.87 (95% CI 1.07–3.28)

Table 2. Risk ratios modeling the risk of preterm birth among African American women*

Unadjusted Adjusted† First births only† Vaginal births only†

>3 years before diagnosis 1.05 (0.79–1.41) 1.03 (0.77–1.38) 1.20 (0.77–1.86) 0.99 (0.69–1.41)
Within 3 years before diagnosis 1.76 (1.28–2.42) 1.71 (1.24–2.35) 1.90 (1.19–3.04) 1.18 (0.73–1.90)
Within 3 years after diagnosis 2.28 (1.69–3.08) 2.29 (1.70–3.09) 2.75 (1.68–4.49) 1.30 (0.70–2.43)
>3 years after diagnosis 2.78 (2.32–3.33) 2.83 (2.36–3.38) 3.56 (2.74–4.62) 2.21 (1.62–3.01)

* Values are the risk ratio (95% confidence interval).
† Adjusted for maternal age, education, and parity.

Table 3. Risk ratios modeling the risk of small-for-gestational age birth*

Unadjusted Adjusted† First births only† Vaginal births only†

>3 years before diagnosis 1.11 (0.77–1.60) 1.05 (0.72–1.53) 0.85 (0.47–1.55) 0.97 (0.61–1.53)
Within 3 years before 2.48 (1.76–3.51) 2.38 (1.69–3.36) 2.60 (1.70–3.99) 2.39 (1.61–3.56)
Within 3 years after 2.82 (1.97–4.04) 2.89 (2.03–4.13) 2.96 (1.74–5.03) 2.88 (1.78–4.67)
>3 years after diagnosis 2.16 (1.60–2.92) 2.28 (1.69–3.07) 2.15 (1.37–3.36) 1.44 (0.85–2.45)

* Values are the risk ratio (95% confidence interval).
† Adjusted for maternal age, education, and parity.
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for preterm birth but were less extreme than their results for births
after SLE diagnosis, where they found an OR of 4.70 (95% CI
2.42– 9.13) for preterm birth. The study by Barnado et al was
conducted among Gullah Americans (220 women with SLE,
217 women without SLE) in the Sea Islands of South Carolina,
and the large OR for preterm birth after diagnosis was driven by
the low risk of preterm birth in their comparison population, where
less than 5% of births were preterm. This low risk of preterm birth
is not reflective of the risk of preterm birth among African Ameri-
can women in metropolitan Atlanta (16%), or African American
women nationally (14%) (35). The study by Barnado et al did not
examine SGA births.

We found no other studies that separated births after SLE
diagnosis into births occurring in the years immediately following
diagnosis and births later after diagnosis, so we cannot compare
the differing trend that we saw where the risk of SGA births even-
tually decreased in the 3 years after SLE diagnosis, while preterm
births continued to increase. The differing trends may be due to
random variability of the data. Conversely, the difference may be
due to real factors. While estimates vary, a large proportion of pre-
term births among women with SLE appear to be medically indi-
cated, with preeclampsia being a major indicator for preterm
delivery (36–38). Although preeclampsia may result in medically
indicated preterm birth, it does not necessarily affect fetal growth.
Other aspects of SLE disease that could affect fetal growth may
be more likely to be stabilized more than 3 years after diagnosis,
resulting in a lower risk of SGA birth. We could not distinguish
between medically indicated and spontaneous preterm births in
our data, but we did have information on method of delivery from
the birth certificate. Studies suggest that medically indicated pre-
term births are more likely to be delivered via cesarean section,
while spontaneous preterm births are more likely to be delivered
vaginally (36,39). In our sample, from within 3 years after diagno-
sis to 3 or more years after diagnosis, the proportion of preterm
births delivered by cesarean section, while decreasing slightly,
remained high, going from 71% to 59%. While method of delivery
is only a rough proxy for the medical necessity of a preterm deliv-
ery, this suggests that spontaneous and medically indicated pre-
term births remain common, even after a stable treatment
regimen for SLE may be established in the early years after
diagnosis.

Some limitations should be noted. In Georgia, insurance sta-
tus and maternal receipt of the Women, Infants, and Children
Supplemental Nutrition Program were only available on the birth
certificate beginning in 2009, which would have rendered our
sample size too small to conduct a multivariable analysis. Data
on hypertension and diabetes mellitus available on birth certifi-
cates is known to be of poor quality, and substantially underesti-
mates the proportion of births to women affected by these
conditions (40,41). We therefore chose to not include these vari-
ables in our analysis. We also did not have data on SLE disease
activity or medications during pregnancy. We used birth

certificates from the general population of African American
women in Georgia as our comparison group. This set of compar-
ison birth certificates potentially contained births to women with
SLE, and we have no way to exclude these births using informa-
tion from the birth certificate. The estimated prevalence of SLE
among African American women in Georgia is 196.2 per
100,000 (6). With the age distribution of the 11,660 African Amer-
ican women included in our comparison group, the expected
prevalence of SLE in our comparison group is approximately
0.20%, or 22 women. We do not expect this to have influenced
our results. We also did not have a unique identifier among the
comparison births to identify births to the same woman. Our sim-
ulation analysis (Supplementary Appendix A, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24848) demonstrated
that not accounting for births to the same women likely generated
estimated CIs that were only 3–4% narrower than what would
have been estimated had we been able to account for the covari-
ance of multiple births to the same woman. Finally, as previously
mentioned, we were unable to differentiate between medically
indicated and spontaneous preterm births.

Our analysis has several strengths. We included only vali-
dated cases of SLE. Studies that draw patients from administra-
tive databases identify women with SLE by the presence of the
ICD-9 code 710.0 in discharge records (10,12,21,38,42,43). In
studies that have validated the use of the ICD-9 code against
medical record abstraction in the general population, the posi-
tive predictive value of the ICD-9 code alone was approximately
60%, suggesting that a number of SLE cases identified by the
code are not true cases (44). We also included births to women
with SLE both before and after clinical diagnosis and were able
to demonstrate that the risks for both preterm birth and SGA
birth are elevated in the years before diagnosis. Finally, our
study included a large sample of self-identified African Ameri-
can women with SLE, who have been understudied with
respect to perinatal outcomes, yet represent a group at a high
risk of SLE.

As the prognosis for women diagnosed with SLE improves,
more women with SLE will likely pursue pregnancy and child-
bearing. Our results suggest that African American women with
SLE are at greater risk for the adverse outcomes of preterm birth
and SGA birth than the general population of African American
women, even before a clinical diagnosis of SLE. In general, Afri-
can American women have a higher risk of preterm birth and
SGA birth, a greater risk of pregnancy complications that may
lead to these outcomes, including preeclampsia and gestational
hypertension, and are more likely to die in childbirth than White
women (45–48). More work remains to be done to characterize
the additional risks around pregnancy and childbirth that African
American women with SLE face. Health care providers, espe-
cially those in communities of color, should be better educated
about SLE and have a lower threshold to suspect SLE in the
peripartum period.
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B R I E F R E P O R T

Increased Rates of Obstetric Complications Prior to Systemic
Sclerosis Diagnosis

Melody P. Chung,1 Kathleen D. Kolstad,2 Makdine Dontsi,3 Debbie Postlethwaite,3 Poonam Manwani,4

Hongyu Zhao,4 Sumana Kesh,4 Julia F. Simard,2 and Lorinda Chung5

Objective. To investigate whether obstetric complications prior to systemic sclerosis (SSc) diagnosis are more
common in SSc patients compared to the general obstetric population.

Methods. A case–control study was performed at Kaiser Permanente Northern California to compare prior obstet-
ric complications in adult women who later developed SSc (cases) with women from the general obstetric population
who did not develop SSc (controls; matched 10:1 by age and year of delivery) from 2007 to 2016. Exposures included
past hypertensive disorders of pregnancy (preeclampsia, eclampsia, gestational hypertension), premature rupture of
membranes (PROM), intrauterine growth restriction (IUGR), maternal infections, neonatal intensive care unit (NICU)
admission, and preterm birth. Fischer’s exact tests were used to compare categorical variables. Conditional logistic
regression models estimated the odds ratio (OR), and corresponding 95% confidence intervals (95% CIs) for the
outcome SSc.

Results. Seventeen SSc cases and 170 non-SSc controls were identified, with median maternal age at delivery
34 years (range 23–46 years) and median time from delivery to SSc diagnosis 2 years (range 0.2–7.3 years). Women
with SSc were more likely to be Hispanic and Black. Prior obstetric complications appeared higher in women with an
eventual SSc diagnosis compared to controls (70.6% versus 50%), including hypertensive disorders (17.7% versus
9.4%), PROM (11.8% versus 4.1%), IUGR (5.9% versus 1.8%), maternal infection (29.4% versus 14.1%), NICU admis-
sions (23.5% versus 7.7%), and preterm delivery (29.4% versus 21.8%). Women with SSc had a higher odds of deliv-
ering infants requiring NICU admission (OR 4.7 [95% CI 1.2–18.8]).

Conclusion. Women who eventually develop SSc had trends toward more complicated pregnancy histories before
overt diagnosis.

INTRODUCTION

Systemic sclerosis (SSc) is a progressive autoimmune dis-

ease characterized by vascular abnormalities, immune system

dysregulation, and fibrosis of the skin and visceral tissues.

Women are affected by SSc more frequently than men and are

often diagnosed during or soon after their reproductive years.

Women with autoimmune rheumatic diseases may have compli-

cated pregnancies; it is also becoming increasingly recognized

that women have an elevated risk of obstetric complications prior

to a diagnosis of an autoimmune disease (1,2). This is potentially

related to subclinical disease or pregnancy itself triggering dis-

ease onset (3,4).
Studies in pregnant women with known SSc have shown an

increased risk of preterm delivery, prolonged hospital length of

stay, hypertensive disorders, and intrauterine growth restriction

(IUGR) (5–7). In a recent meta-analysis, SSc pregnancies had

increased frequencies of miscarriages, IUGR, preterm deliveries,
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and newborns with low birth weight compared to healthy controls

in the general population (without other connective tissue dis-

eases), and women with SSc were more prone to develop gesta-

tional hypertension and to undergo cesarean section (8). Poor

obstetric outcomes after a diagnosis of SSc may be related to

the vasculopathy associated with the disease as well as immune

system abnormalities (9,10).
Minimal research has been performed on obstetric out-

comes prior to a diagnosis of SSc. One case–control study
found that women who later developed SSc had twice the odds
of having had a pregnancy complicated by a hypertensive disor-
der compared to women who never developed SSc or an auto-
immune disease (3). A Danish population-based register study
found a nonsignificant increased risk of subsequent SSc diagno-
sis among women with preeclampsia (4). However, both studies
lacked medical chart validation of both maternal and infant
records. Given the paucity of data on pregnancy complications
preceding SSc diagnosis, we performed a matched case–
control study to explore whether obstetric complications prior
to SSc diagnosis are more common compared to the general
obstetric population.

SUBJECTS AND METHODS

Setting. We used data from Kaiser Permanente Northern
California (KPNC), which is a large, demographically diverse

integrated health care delivery system caring for >4.2 million
members in Northern California (including Medicare beneficia-
ries), comprising one-third of the insured population in the area.
This insured population is socially, economically, and racially/
ethnically diverse. Members within KPNC receive comprehen-
sive health care services, including preventive, ambulatory,
emergency, and inpatient care, as well as laboratory, radiology,
and pharmacy services. Members are cared for by physicians
from The Permanente Medical Group, a self-governed,
physician-led, prepaid, multispecialty medical group. This study
was approved by the Kaiser Foundation Research Institute’s
and Stanford University’s Institutional Review Boards with
waiver of signed consent.

Study design and population. A retrospective case–
control study was performed to compare odds of obstetric com-
plications in adult women who later developed SSc (cases) with
adult women who did not develop SSc (controls). Cases were first
identified using the International Classification of Diseases (ICD)
diagnosis codes for SSc (ICD, Ninth Revision [ICD-9] 710.1 and
ICD-10 M34) during the study period from 2007–2016. Subse-
quent medical record review was performed to include only
women who fulfilled 2013 American College of Rheumatology/
European Alliance of Associations for Rheumatology classification
criteria for definite SSc (11). The list of women with SSc was then
cross-checked with the KPNC Infant Cohort Live Birth Database
to identify women who had pregnancies progressing beyond
20 weeks of gestation prior to SSc diagnosis during the study
period 2007–2016. Women with juvenile or localized scleroderma
were excluded. For women with a history of multiple deliveries,
the last delivery prior to SSc diagnosis was used. Controls were
randomly selected women without a diagnosis of SSc from the
KPNC health care system who had delivered from the general
obstetric population, matched 10:1 by age (maternal birth year)
and year of delivery.

Clinical variables and outcomes. Information on demo-
graphic characteristics and comorbidities was extracted electron-
ically from medical chart review. This included maternal age at
delivery, race/ethnicity, smoking (ever/never at delivery), history
of essential hypertension prior to pregnancy, and gravidity and
parity.

Obstetric complications exposure. The primary expo-
sure of interest was hypertensive disorders of pregnancy (defined
as preeclampsia, eclampsia, and gestational hypertension) based
on chart review. Secondary exposures included premature rup-
ture of membranes (PROM), IUGR, maternal infections, neonatal
intensive care unit (NICU) admissions, preterm delivery (defined
as <37 weeks), mode of delivery (categorized as assisted vaginal
delivery or cesarean section versus normal spontaneous vaginal
delivery), and stillbirths (fetal death occurring at 20 weeks of

SIGNIFICANCE & INNOVATIONS
• There is increased recognition that women may

have an elevated risk of obstetric complications
prior to an overt diagnosis of an autoimmune dis-
ease, which may potentially be related to subclinical
disease or pregnancy itself triggering disease onset.

• We performed a matched case–control study to
investigate whether obstetric complications prior
to overt systemic sclerosis (SSc) diagnosis are more
common compared to the general obstetric
population.

• In our study of 17 women with SSc and 170 non-SSc
controls (matched by age and year of delivery) iden-
tified through the Kaiser Permanente Northern Cal-
ifornia health care system from 2007 to 2016, we
found that women who eventually develop SSc had
more complicated pregnancy histories, particularly
admissions to the neonatal intensive care unit,
before diagnosis.

• We also found overall higher rates of hypertensive
disorders of pregnancy, premature rupture of
membranes, intrauterine growth restriction, and
maternal infections in the pregnancy histories of
women who eventually develop SSc compared to
controls, although these results were not statisti-
cally significant.
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pregnancy or later) based on chart review. All obstetric history
was ascertained through review of physician documentation from
both maternal and infant electronic medical records.

SSc outcome. The primary outcome of interest was the
subsequent diagnosis of SSc. For SSc cases, additional variables
were captured from chart review including disease subtype (dif-
fuse versus limited cutaneous SSc), disease duration (from date
of first Raynaud’s phenomenon and non–Raynaud’s phenome-
non symptom to SSc diagnosis), presence or absence of autoan-
tibodies at any time (anticentromere, anti–Scl-70, antinuclear
antibody, anti-Ro/SSA, anti-La/SSB, anti–U1 RNP, antiphospho-
lipid antibodies), and subsequent SSc-related disease features
that developed any time after diagnosis (including digital ulcers,
telangiectasias, nailfold capillary changes, acro-osteolysis, calci-
nosis, joint contractures, inflammatory arthritis, gastroesophageal
reflux, interstitial lung disease, pulmonary arterial hypertension,
and scleroderma renal crisis). All variables were captured as pres-
ent, absent, or missing from chart review. Data on anti–RNA poly-
merase III were missing and excluded from this study. Interstitial
lung disease was diagnosed by a pulmonologist or radiologist
on high-resolution computed tomography of the chest.
Pulmonary arterial hypertension was defined by a resting mean
pulmonary artery pressure of ≥25 mm Hg in the setting of a pul-
monary capillary wedge pressure ≤15 mm Hg on right heart
catheterization.

Statistical analysis. Descriptive statistics (frequencies,
proportions, medians, and ranges) were used to describe the
demographic and clinical characteristics of cases and controls.
Chi-square tests or Fisher’s exact tests were used to compare
categorical variables, as appropriate. Conditional logistic regres-
sion models were used for matched cases and controls to esti-
mate odds ratios (ORs) and corresponding 95% confidence
intervals (95% CIs) for the outcome SSc separately for indepen-
dent variables including hypertensive disorders of pregnancy,
PROM, IUGR, maternal infections, NICU admissions, preterm
delivery, mode of delivery (cesarean section/assisted vaginal
delivery versus normal spontaneous vaginal delivery), as well as
a composite variable of any obstetric complication (defined as
having at least 1 of the complications listed above). Due to the
imbalance in race/ethnicity between cases and controls, we
adjusted the separate models above for race/ethnicity (White ver-
sus other, Hispanic versus other, and Black versus other). Com-
plete case analysis was used, as there were no missing data on
exposures or outcomes.

RESULTS

Demographics. Seventeen incident SSc cases and
170 non-SSc matched controls were identified. Baseline demo-
graphic characteristics of both groups are shown in Table 1.

Median maternal age at delivery was 34 years (range 23–46 years).
As expected from the matched design, there were no statisti-
cally significant differences in maternal age between groups.
Compared to controls, patients with SSc (cases) were less likely
to be White (17.7% versus 50.6%) but more likely to be Hispanic
(41.2% versus 18.8%) and Black (11.8% versus 2.4%). There
were no statistically significant differences in smoking history,
gravidity, or parity between cases and controls. Median gesta-
tional age was 39 weeks (range 25–41 weeks) for both cases
and controls.

Obstetric complications. All women had singleton preg-
nancies. There were no stillbirths in the entire cohort. Cases had
higher frequencies of overall obstetric complications (including
hypertensive disorders of pregnancy, IUGR, maternal infection,
and assisted vaginal deliveries or cesarean sections) during preg-
nancy compared to controls (70.6% versus 50%, P = 0.13). Of
the 17 women with SSc, 5 had no complications (29.4%),
9 (52.9%) had 1 complication, and 3 (17.6%) had multiple compli-
cations. Of the 170 controls, 79 (46.4%) had no complications,
65 (38.2%) had 1 complication, and 26 (15.3%) had multiple
complications.

Women with SSc had higher frequencies of individual com-
plications across the board including hypertensive disorders of
pregnancy (17.7% [3 of 17 with hypertensive disorders of preg-
nancy, of which 2 had preeclampsia, and 1 had gestational hyper-
tension] versus 9.4% [16 of 170 with hypertensive disorders of
pregnancy, of which 4 had preeclampsia, and 12 had gestational
hypertension], P = 0.39), PROM (11.8% versus 4.1%, P = 0.19),
IUGR (5.9% versus 1.8%, P = 0.32), maternal infection (29.4%

Table 1. Baseline characteristics of cases and controls*

Characteristic Cases Controls P

Maternal age at delivery, years
20–29 5 (29.4) 45 (26.5) 0.99†
30–39 10 (58.9) 97 (57.1)
40–49 2 (11.8) 20 (11.8)

Race
Asian 4 (23.5) 48 (28.2) 0.001‡
Black 2 (11.8) 4 (2.4)
Hispanic 7 (41.1) 32 (18.8)
Non-Hispanic White 3 (17.6) 86 (50.6)
Other 1 (5.9) 0

Ever smoker 5 (29.4) 37 (21.78) 0.47†
History of essential

hypertension
0 10 (5.9) 0.60‡

Gravidity
Primigravida 5 (29.4) 28 (16.5) 0.18†
Multigravida 12 (70.6) 142 (83.5)

Parity
Nulliparous 7 (41.2) 49 (28.8) 0.52†
Primiparous 7 (41.2) 75 (44.1)
Multiparous 3 (17.5) 46 (27.1)

* Values are the number (%) unless indicated otherwise.
† P values compared using chi-square tests.
‡ Fisher’s exact tests used to calculate P values.
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[24 of 170 controls with group B streptococcal infections, of
which 7 had chorioamnionitis] versus 14.1% [4 cases with group
B streptococcal infections, and 1 with chlamydia, with no cases
of chorioamnionitis], P = 0.15), NICU admissions (23.5% versus
7.7%, P = 0.053), and assisted vaginal deliveries or cesarean
sections (52.9% versus 34.7%, P = 0.19). Preterm delivery was
similar in both groups (11.8% versus 10.0%, P = 0.69), but
women with SSc had an earlier median gestational week of deliv-
ery (27.5 weeks) compared to controls (33 weeks) among pre-
term infants.

In conditional logistic regression analyses, women with
an eventual SSc diagnosis had a higher but nonstatistically
significant odds of having had any obstetric complication during
pregnancy compared to matched controls (OR 2.6 [95% CI
0.8–7.9]). Results were similar for the majority of obstetric
complications assessed (Table 2). Women with an eventual SSc
diagnosis had a higher but nonstatistically significant odds of hav-
ing had hypertensive disorders of pregnancy (OR 2.1 [95% CI

0.5–8.4]). Women with an eventual SSc diagnosis had a signifi-
cantly higher odds of delivering infants requiring NICU admission
compared to controls (OR 4.7 [95% CI 1.2–18.8]) even after
adjusting for race/ethnicity (White versus other OR 6.9 [95%
1.7–28.9]). Reasons for NICU admission in neonates related to
SSc cases were variable and included sepsis (n = 1), respiratory
distress syndrome (n = 1), prematurity (n = 1), and neonatal jaun-
dice (n = 1).

SSc outcomes. The women with SSc in our study were
representative of the general SSc population. The disease fea-
tures of these patients are reported in Table 3. Of the women
with SSc, 76.5% (n = 13) ultimately developed limited cutane-
ous disease, with a median time from delivery to SSc diagnosis
of 2 years (range 0.2–7.3 years). Just over one-half of patients
(n = 9, 52.9%) developed their first symptom of Raynaud’s
phenomenon after delivery (median time 1.8 years, range
0.3–9.0 years). Six patients (35.3%) developed Raynaud’s

Table 2. Conditional logistic regression comparing women with systemic sclerosis with controls matched on
maternal age and year of delivery*

Variable
Cases
(n = 17)

Controls
(n = 170)

OR
(95% CI)

Adjusted OR by race/
ethnicity (95% CI)

Hypertensive disorder of pregnancy 3 (17.7) 16 (9.4) 2.1 (0.5–8.4)
White versus other 2.4 (0.6–10.5)
Hispanic versus other 2.2 (0.5–9.1)
Black versus other 1.9 (0.5–7.8)

Premature rupture of membranes 2 (11.8) 7 (4.1) 3.6 (0.6–22.9)
White versus other 4.9 (0.7–36.1)
Hispanic versus other 3.5 (0.5–23.3)
Black versus other 3.6 (0.6–22.9)

Intrauterine growth restriction 1 (5.9) 3 (1.8) 3.3 (0.3–32.0)
White versus other 2.0 (0.2–21.4)
Hispanic versus other 4.4 (0.4–43.9)
Black versus other 3.3 (0.3–32.0)

Maternal infection 5 (29.4) 24 (14.2) 2.6 (0.8–8.2)
White versus other 2.6 (0.7–8.8)
Hispanic versus other 2.9 (0.9–9.4)
Black versus other 2.5 (0.8–8.6)

NICU admission 4 (23.5) 13 (7.7) 4.7 (1.2–18.8)
White versus other 6.9 (1.7–28.9)
Hispanic versus other 5.3 (1.2–23.0)
Black versus other 4.2 (1.0–17.4)

Preterm delivery <37 weeks 2 (11.8) 17 (10) 1.2 (0.3–5.8)
White versus other 1.2 (0.2–6.2)
Hispanic versus other 1.3 (0.3–6.4)
Black versus other 1.1 (0.3–5.7)

Assisted vaginal delivery or cesarean
section†

9 (52.9) 59 (34.7) 2.3 (0.8–6.4)

White versus other 2.3 (0.8–6.6)
Hispanic versus other 2.4 (0.8–6.6)
Black versus other 2.2 (0.8–6.4)

Any obstetric complication 12 (70.6) 85 (50) 2.6 (0.8–7.9)
White versus other 2.8 (0.9–9.1)
Hispanic versus other 2.9 (0.9–9.0)
Black versus other 2.6 (0.8–8.6)

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; NICU = neonatal inten-
sive care unit; OR = odds ratio.
† Compared to normal spontaneous vaginal deliveries.
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phenomenon prior to delivery (median time 4.5 years, range
0.3–9.0 years), and 2 patients had missing data. Although the
numbers are small, there were no statistically significant differ-
ences in overall pregnancy complications between women
with SSc who developed Raynaud’s phenomenon prior to
pregnancy and women with SSc who developed Raynaud’s
phenomenon after pregnancy (83.3% [5 of 6] versus 55.6%
[5 of 9]; P = 0.58).

Autoantibodies were variable in the women with SSc, but
89% had a positive antinuclear antibody. Four patients each
had positive anticentromere autoantibodies and positive anti–
Scl-70 autoantibodies. Clinical manifestations were variable
but comparable to those of the general SSc population. Given
the small number of cases, we were unable to ascertain any
clear patterns between specific obstetric complications with
SSc characteristics, disease subtypes, autoantibodies, or dis-
ease features.

DISCUSSION

Our study builds on earlier work showing an increased risk
of hypertensive complications during pregnancy and IUGR and
the development of subsequent SSc (3,4). Although our find-
ings were not statistically significant likely due to a small sample
size and underpowering, women with subsequent SSc diagno-
sis in our study overall had higher rates of severe and complex
pregnancies compared to controls. We found similar sugges-
tions of higher but nonstatistically significant odds of adverse
pregnancy events in women with a subsequent SSc diagnosis,
including hypertensive disorders of pregnancy, PROM, mater-
nal infections, and more complicated deliveries requiring
assisted vaginal deliveries or cesarean sections. We also found
that women with a later diagnosis of SSc had significantly
increased odds of delivering infants requiring NICU admission,
although some of the causes may be unrelated to preclinical
SSc. Many of these obstetric complications may be interrelated
rather than independent associations (i.e., women with pre-
eclampsia are more likely to have a medically indicated preterm
delivery through cesarean sections, and preeclampsia is asso-
ciated with IUGR).

The possible association between hypertensive complica-
tions during pregnancy, IUGR, and subsequent SSc described
in prior studies might be explained by several factors. Some
authors have hypothesized that altered fetal origin microchi-
merism (bidirectional cross-placental trafficking during preg-
nancy leading to a persistent state with ≥2 genetically distinct
cell populations) seen in preeclampsia may contribute to sub-
sequent development of autoimmune conditions postpartum
such as SSc (12–16). Another possibility is that women who
are later diagnosed with SSc could already have subclinical
features of the disease during pregnancy leading to placental
infarction, which then results in adverse pregnancy outcomes,
particularly vascular complications such as IUGR and hyper-
tension (3). In our study, approximately one-third of women
with SSc developed their first symptom of Raynaud’s phenom-
enon prior to pregnancy, suggesting subclinical disease prior
to overt diagnosis. As autoantibody data are unavailable for
these patients prior to the time of diagnosis, we cannot deter-
mine whether these patients may have fulfilled criteria for very
early SSc.

Our study has many strengths. To address limitations from
prior studies, we retrospectively reviewed all maternal and infant
medical records involving the obstetrical histories for incident
SSc cases and controls. Furthermore, we evaluated secondary
obstetric complications of interest not previously studied, includ-
ing PROM, IUGR, maternal infections, NICU admissions, preterm
delivery, mode of delivery, and stillbirths. We also reported on dis-
ease features of women with SSc, including the temporal relation-
ship between delivery, symptom onset of SSc, and subsequent
SSc diagnosis.

Table 3. Disease features of 17 systemic sclerosis (SSc) patients
with history of singleton pregnancy in Kaiser Permanente Northern
California from 2007 to 2016*

Characteristic Value

Limited cutaneous disease 13 (76.5)
Disease duration, median (range) years
From first RP symptom to SSc diagnosis 1.7 (0.1–10)
From first non-RP symptom to SSc diagnosis 0.4 (0.1–5.0)
From delivery to SSc diagnosis 2 (0.2–7.3)

Temporal relationship between first RP symptom
and delivery

Onset of first RP symptom prior to delivery 6 (35.3)
Years from first RP symptom to delivery,
median (range)

4.5 (0.3–9.0)

Onset of first RP symptom after delivery 9 (52.9)
Years from delivery to first RP symptom,
median (range)

1.8 (0.8–6.0)

Missing 2 (11.8)
Autoantibodies†
Anticentromere 4 (23.5)
Anti–Scl-70 4 (23.5)
Antinuclear antibody 15 (88.2)
Anti-Ro/SSA, no./total no. (%) 4/15 (26.7)
Anti-La/SSB, no./total no. (%) 1/15 (6.7)
Anti–U1 RNP, no./total no. (%) 3/15 (20)
Antiphospholipid antibodies, no./total no. (%) 2/10 (20)

Disease features (any time after SSc diagnosis)
Digital ulcers, no./total no. (%) 5/16 (31.3)
Telangiectasias 8 (50)
Nailfold capillary changes 10 (76.9)
Acro-osteolysis 3 (17.6)
Calcinosis 3 (17.6)
Joint contractures 4 (23.5)
Inflammatory arthritis 5 (29.4)
Gastroesophageal reflux disease 16 (94.1)
Interstitial lung disease, no./total no. (%) 5/14 (35.7)
Pulmonary arterial hypertension, no./total no. (%) 2/14 (14.3)
Scleroderma renal crisis 1 (5.9)

* Values are the number (%) unless indicated otherwise. RP =
Raynaud’s phenomenon.
† Denominators shown for variables with missing values.
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Our study has some limitations. First, the number of cases in
our case–control study was small, as SSc is a rare disease, thus
we were likely underpowered to detect significant differences
and were limited in the number of variables that we could adjust
for, including parity. Second, our study population was cared for
by multiple rheumatologists and obstetricians in a community-
based health care organization; thus, our results may not general-
ize to other health care settings. In particular, this study did not
include the uninsured population, patients who receive health
care in a fee-for-service or nonintegrated setting, or those referred
to academic medical centers in the US specializing in the care of
SSc. Third, although we matched on maternal birth year and year
of delivery, there were racial/ethnic differences between cases
and controls; however, our models adjusting for race/ethnicity
did not significantly attenuate the ORs. We also did not match
on body mass index at entry to pregnancy or delivery and did
not capture data on infant birth weights. Finally, the KPNC Infant
Cohort Live Birth Database only identifies women who had live
pregnancies or stillbirths progressing beyond 20 weeks; thus,
the number of women with infertility or miscarriages prior to
20 weeks is unknown.

Although our findings may not impact clinical care directly
prior to SSc diagnosis, our results suggest a possible relationship
of hypertensive disorders of pregnancy and other adverse preg-
nancy outcomes with subsequent SSc in women. Assessing
adverse reproductive outcomes in patients newly diagnosed with
SSc may be helpful as part of the initial evaluation and may pro-
vide insight into mechanisms and etiology of adverse pregnancy
outcomes. Women who eventually develop SSc had trends
toward increased pregnancy complications before overt diagno-
sis. Larger studies are needed to investigate the relationship
between pregnancy complications and the subsequent onset of
SSc in order to validate our findings.
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General Safety and Tolerability of Subcutaneous Tanezumab
for Osteoarthritis: A Pooled Analysis of Three Randomized,
Placebo-Controlled Trials

Francis Berenbaum,1 Thomas J. Schnitzer,2 Alan J. Kivitz,3 Lars Viktrup,4 Anne Hickman,5 Glenn Pixton,6

Mark T. Brown,5 Isabelle Davignon,5 and Christine R. West5

Objective. This pooled analysis of 3 randomized, placebo-controlled trials (16–24 week treatment and 8–24 week
follow-up) assessed safety of subcutaneous tanezumab (2.5–10 mg every 8 weeks) in 1,840 patients with hip or knee
osteoarthritis.

Methods. Overall treatment-emergent adverse events (TEAEs) and TEAEs of abnormal peripheral sensation (APS)
were prospectively assessed in 3 trials. Joint safety events (primary osteonecrosis, rapidly progressive osteoarthritis
[RPOA], subchondral insufficiency fracture, and pathologic fracture; adjudicated by an independent expert committee)
and TEAEs potentially associated with sympathetic neuropathy were prospectively assessed in 2 trials.

Results. During the treatment period, overall TEAE rates were 51.7% for placebo and 39.5–54.8% for tanezumab
2.5–10 mg; treatment discontinuation rates were 2.0% for placebo and 0–1.3% for tanezumab. Rates of composite
joint safety events (predominantly RPOA type 1) over the treatment plus follow-up period were 0% for placebo and
0.5–3.2% for tanezumab 2.5–5 mg (5 mg was statistically greater than placebo); total joint replacement rates with tane-
zumab (5.9–7.0%) were not significantly different from placebo (4.5%). Rates of TEAEs of APS (predominantly pares-
thesia and hypoesthesia) were 2.2% for placebo and 3.2–12.8% for tanezumab 2.5–10 mg. Rates of TEAEs
potentially associated with sympathetic neuropathy (predominantly bradycardia and orthostatic hypotension) were
0.8% for placebo and 0.5–2.8% for tanezumab 2.5–5 mg (exposure-adjusted rates were not significantly different from
placebo).

Conclusion. Tanezumab was generally well tolerated. TEAEs of APS (mostly mild and transient) and joint safety
events were infrequent but more common with tanezumab than placebo. A tanezumab dose of 2.5 mg demonstrated
a more favorable safety profile than higher doses.

INTRODUCTION

Tanezumab, a monoclonal antibody against nerve growth

factor (NGF), is in development for the treatment of the signs

and symptoms of moderate-to-severe osteoarthritis (OA) (1).

Early trials have demonstrated efficacy of intravenous (IV)

tanezumab in patients with OA of the knee or hip, but adverse

events related to joint safety and abnormal peripheral sensation

(APS) were observed in some patients (2–11). Possible changes

in sympathetic neuronal morphology were also observed in pre-

clinical studies (12). Following partial clinical holds of all anti-NGF

programs in 2010 (due to joint safety observations) and 2012

(due to preclinical sympathetic observations), phase III trials

of tanezumab resumed in 2015 with use of subcutaneous

Clinicaltrials.gov identifiers: NCT01089725, NCT02697773, and
NCT02709486.
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(SC) administration (for patient convenience), use of lower tanezu-

mab doses, enrollment limited to patients with inadequate

response to other OA treatments, restrictions on concomitant

nonsteroidal antiinflammatory drug (NSAID) use, and incorpora-

tion of comprehensive sympathetic function and joint safety

screening and monitoring procedures.
Since resumption of clinical testing, tanezumab has demon-

strated significant improvements in pain and function versus pla-
cebo in patients with moderate-to-severe OA and a history of
inadequate response or intolerance to standard-of-care analge-
sics (13,14). The current pooled analysis summarizes the general
safety and tolerability of SC tanezumab in patients with
moderate-to-severe OA by assessing overall treatment-emergent
adverse events (TEAEs), joint safety events, TEAEs of APS, and
TEAEs potentially associated with sympathetic neuropathy.

PATIENTS AND METHODS

Data sources. Data were derived from all randomized,
placebo-controlled trials of SC tanezumab (administered every
8 weeks) in patients with OA of the knee or hip completed to date
(n = 3). Tanezumab doses ranged from 2.5 to 10 mg, planned
treatment periods ranged from 16 to 24 weeks, and safety
follow-up periods ranged from 8 to 24 weeks (Table 1). Studies
were conducted in compliance with ethical principles of the Dec-
laration of Helsinki and all International Conference on Harmoniza-
tion Good Clinical Practice Guidelines, protocols were approved
by institutional review boards or independent ethics committees
for each site, and all patients provided written informed consent.

Inclusion and exclusion criteria. Key inclusion criteria
included: age ≥18 years, diagnosis of OA of the knee (A4091027)
or of the hip or knee (A4091056 and A4091057) with radiographic
confirmation (Kellgren/Lawrence [K/L] grade ≥2), and a Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
(15) pain score of ≥5 (from 0 to 10) in the index joint at baseline,
a WOMAC physical function score of ≥4 (A4091027) or ≥5
(A4091056 and A4091057) (from 0 to 10) in the index joint at base-
line, and a patient global assessment of OA score of fair, poor, or
very poor at baseline. Patients were required to exhibit prior inade-
quate response or intolerance to other OA treatments (Table 1).

Nonanalgesic medications for non-OA, nonpain conditions
were permitted if the dose was stable for ≥30 days prior to base-
line. Occasional use of analgesics, including acetaminophen
(if used for reasons other than rescue) and NSAIDs, was allowed
for self-limiting conditions unrelated to OA (Table 1).

Safety assessments. Overall TEAEs were assessed
throughout the 3 studies, with severity, seriousness, and relation-
ship to treatment determined by investigators. Comprehensive
joint safety screening and monitoring procedures were incorpo-
rated into post-2015 studies A4091056 and A4091057. Radio-
graphs of all index and nonindex hips, knees, and shoulders
were obtained at screening and during the trials (week 40
for A4091056; weeks 24 and 48 for A4091057). A central reader
reviewed images to assess eligibility criteria and possible
joint safety events (rapidly progressive OA [RPOA], subchondral
insufficiency fractures, osteonecrosis, or pathologic fracture).
Musculoskeletal examinations of all major joints and review of

SIGNIFICANCE & INNOVATIONS
• This analysis was the first to summarize safety

across all phase 3, placebo-controlled, osteoar-
thritis trials of subcutaneous tanezumab, a mem-
ber of a novel and emerging class of anti–nerve
growth factor therapies in development for
the treatment of the signs and symptoms of
osteoarthritis.

• The results demonstrate that tanezumab was gen-
erally well tolerated in most patients (rates of treat-
ment discontinuations due to adverse events were
2.0% for placebo and 0–1.3% for tanezumab), and
there was no evidence of a sympathetic safety sig-
nal in the osteoarthritis population.

• Adverse events of abnormal peripheral sensation
occurred more frequently with tanezumab than
with placebo during the treatment period but were
mostly mild, none were serious, and typically
resolved. The frequency of a diagnosis of peripheral
polyneuropathy (by a blinded external neurologist)
was similar in the tanezumab and placebo treat-
ment groups.

• Joint safety events (most commonly rapidly pro-
gressive osteoarthritis type 1) were infrequent over-
all, but more common with tanezumab than
placebo. Rates of joint safety events with low-dose
tanezumab (2.5 mg) were not significantly different
from placebo.

Upon request, and subject to certain criteria, conditions, and exceptions
(see https://www.pfizer.com/science/clinical-trials/trial-data-and-results for
more information), Pfizer will provide access to individual de-identified partici-
pant data from Pfizer-sponsored global interventional clinical studies con-
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that have been approved in the US and/or EU or (2) in programs that have
been terminated (i.e., development for all indications has been
discontinued). Pfizer and Lilly will also consider requests for the protocol,
data dictionary, and statistical analysis plan. Data may be requested from
Pfizer trials 24 months after study completion. The de-identified

participant data will be made available to researchers whose proposals
meet the research criteria and other conditions, and for which an excep-
tion does not apply, via a secure portal. To gain access, data requestors
must enter into a data access agreement with Pfizer.
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pain scores occurred at all study visits. Investigators assessed
patients with increased persistent pain to determine whether fur-
ther evaluation (imaging or orthopedic consultation) was war-
ranted. All possible joint safety events (assessed by the central
reader on post-baseline images or reported as a TEAE by an
investigator) and total joint replacements (TJRs) were reviewed
by a blinded adjudication committee of external experts.
Patients with adjudicated outcomes of RPOA type 1 or 2, sub-
chondral insufficiency fractures, primary osteonecrosis, or path-
ologic fracture were included in a composite joint safety
endpoint. RPOA type 1 was defined as a significant loss of joint
space width of ≥2 mm (predicated on optimal joint positioning)
within approximately 1 year, without gross structural failure.
RPOA type 2 was defined as abnormal bone loss or destruction,
including limited or total collapse of at least 1 subchondral sur-
face, which is not normally present in conventional end-stage
OA (16).

Neurologic examinations, including assessment of muscle
strength (head and neck, upper and lower extremities), deep ten-
don reflexes, and sensation (index fingers and great toes), were
performed at screening and all clinic visits during the 3 studies to
evaluate patients for signs of peripheral neuropathy. Patients with
history, diagnosis, or signs and symptoms of peripheral neuropa-
thy were excluded from enrollment. In studies A4091056 and
A4091057, neurologic consultations were performed if a TEAE
suggestive of new or worsening peripheral neuropathy or a TEAE
of APS was reported and met certain criteria (see footnote to

Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24637).

Comprehensive sympathetic function screening and moni-
toring procedures were incorporated into post-2015 studies
A4091056 and A4091057. Patients with a score >7 (scores
range from 0 to 55 for women and from 0 to 60 for men) on the
Survey of Autonomic Symptoms (a questionnaire assessing the
presence of potential autonomic neuropathy), a diagnosis of auto-
nomic neuropathy, or evidence of orthostatic hypotension at
screening were excluded from enrollment (17). Sympathetic func-
tion was monitored during the studies through TEAE assessment,
orthostatic blood pressure assessments at each visit, protocol-
specified criteria for reporting TEAEs of bradycardia based on
electrocardiograms, Survey of Autonomic Symptoms question-
naires, and consultation with cardiologists and neurologists for
prespecified TEAEs potentially associated with sympathetic neu-
ropathy (syncope, bradycardia, orthostatic hypotension, anhidro-
sis, and hypohidrosis).

Statistical analysis. Patient demographic characteristics,
clinical characteristics, and treatment exposure were summarized
descriptively. Incidences of overall TEAEs, TEAEs of APS, and
TEAEs potentially associated with sympathetic neuropathy were
summarized for the treatment and study (treatment plus follow-
up) periods. Joint safety was summarized for the study (treatment
plus follow-up) period only, as such events were relatively infre-
quent and an imbalance (between placebo and tanezumab

Table 1. Description of studies included in the analysis*

Study A4091027 (ClinicalTrials.gov identifier: NCT01089725): Pre-2015 study in the US in patients with osteoarthritis (OA) of the knee.
Subcutaneous (SC) treatments: placebo (n = 72) and tanezumab (2.5 mg = 74, 5 mg = 63, 10 mg = 86).† Duration: 16-week treatment (2 SC
doses) and 8-week safety follow-up. Previous treatment requirements: unwilling or unable to take nonopiate pain medication, or have a
history of inadequate pain relief with nonopiate pain medications, or are candidates for invasive interventions. Rescue medication:
acetaminophen ≤3,000 mg/day for up to 3 days/week during treatment period, and no specified limit during follow-up. Nonsteroidal
antiinflammatory drug (NSAID) restrictions: as for all analgesics, limited use of NSAIDs was permitted on an occasional basis for self- limiting
conditions unrelated to OA. As a result of clinical hold, 90.5% of treated patients received only 1 dose of study medication. A majority of these
patients remained in the study for >16 weeks (70.7%).

Study A4091056 (ref. 13) (ClinicalTrials.gov identifier: NCT02697773): Post-2015 study in the US and Canada in patients with OA of the knee or hip.
SC treatments: placebo (n = 232) and tanezumab (2.5mg = 231, 2.5/5mg = 233).‡Duration: 16-week treatment (2 SC doses) and 24-week safety
follow-up. Previous treatment requirements: a history of inadequate pain relief with acetaminophen; a history of inadequate pain relief with, or
contraindication/ intolerability to, oral NSAIDs; and a history of inadequate pain relief with, or contraindication/intolerability to, tramadol or
opioids (or unwilling to take opioids). Rescue medication: acetaminophen ≤3,000 mg/day for up to 3 days/week during treatment period and
then up to daily during follow-up. NSAID restrictions: limited use of NSAIDs was permitted on an occasional basis for self-limiting conditions
unrelated to OA. Aggregate use of NSAIDs during each 8-week SC dosing interval was not to exceed 10 days and total NSAID use was not to
exceed 30 days between baseline visit and 16 weeks after last SC dose. Overall, 87.5% and 79.9% of patients completed the treatment and full
study (treatment plus follow-up) periods, respectively.

Study A4091057 (ref. 14) (ClinicalTrials.gov identifier: NCT02709486): Post-2015 study in Europe and Japan in patients with OA of the knee or hip.
SC treatments: placebo (n = 282) and tanezumab (2.5 mg = 283, 5 mg = 284). Duration: 24-week treatment (3 SC doses) and 24-week safety
follow-up. Previous treatment requirements: same as study A4091056. Rescue medication: acetaminophen ≤4,000 mg/day for up to 5 days/
week during treatment period and then up to daily during follow-up. NSAID restrictions: same as study A4091056 except total NSAID use was
not to exceed 40 days between baseline visit and 16 weeks after last SC dose. Overall, 88.3% and 82.0% of patients completed the treatment
and full study periods, respectively.

* In all trials, SC study medication was administered every 8 weeks.
† This study also included an intravenous tanezumab 10-mg arm that is not included in the current analyses. Patients in SC arms received intra-
venous doses of placebo to match the intravenous tanezumab arm.
‡ Patients were given a 2.5-mg dose at baseline and a 5-mg dose at week 8. Of the 233 patients randomized to the 2.5/5mg treatment group, 14
received only the baseline 2.5-mg dose and are therefore included in the tanezumab 2.5 mg treatment group in subsequent analyses/data
tables.
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groups) in these events typically has existed in both treatment and
follow-up periods in previous trials of tanezumab. For full statisti-
cal methods, see Supplementary Appendix A, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24637.

RESULTS

Patients and exposure. Overall, 1,840 patients were
included in the analyses (placebo = 586, tanezumab 2.5mg = 602,
tanezumab 2.5/5 mg = 219, tanezumab 5 mg = 347, and tanezu-
mab 10 mg = 86). Patients were predominantly White (80.9%),
female (66.6%), and had approximate mean age and disease dura-
tions of 62.5 and 8.5 years, respectively (Table 2). A knee was des-
ignated as the index joint in 86.6% of patients. In post-2015
studies, 79.3% of participants had ≥2 joints with a K/L grade of ≥2.

The mean � SD number of doses received in the placebo
and tanezumab 2.5-mg, 2.5/5-mg, 5-mg, and 10-mg arms
was 2.2 � 0.7, 2.3 � 0.7, 2.0 � 0.0, 2.6 � 0.8, and 1.1 � 0.3,

respectively, while mean � SD exposure was 18.1 � 6.2, 18.6 �
5.8, 16.2 � 1.6, 21.3 � 5.9, and 11.7 � 2.6 weeks, respectively
(tanezumab 10 mg was only used in study A4091027). Exposure
calculations were based on study treatment periods, which, due
to the pharmacokinetics of tanezumab, ended 8 weeks after the
final SC injection. Patient exposure years in the placebo and tane-
zumab 2.5-mg, 2.5/5-mg, 5-mg, and 10-mg arms were 202.8,
215.1, 67.9, 141.9, and 19.3, respectively.

Overall TEAEs. TEAEs during the treatment and full-study
periods are summarized in Table 3 (A4091027, A4091056,
and A4091057). TEAE rates during the treatment period were
51.7% for placebo, 52.3% for tanezumab 2.5 mg, 47.0% for
tanezumab 2.5/5 mg, 54.8% for tanezumab 5 mg, and 39.5%
for tanezumab 10 mg. Among common TEAEs (occurring in
≥2% of patients in any group), injection site reaction (10 mg),
edema peripheral (2.5/5 mg; 5 mg), joint stiffness (2.5/5 mg),
synovial cyst (10 mg), hypoesthesia (10 mg), and paresthesia
(5 mg; 10 mg) had a higher incidence (95% confidence

Table 2. Patient demographic and clinical characteristics with subcutaneous tanezumab treatment or placebo*

Characteristic
Placebo
(n = 586)

2.5 mg
(n = 602)

2.5/5 mg
(n = 219)

5 mg
(n = 347)

10 mg
(n = 86)

Age, mean � SD years 62.3 � 10.2 62.9 � 9.5 61.3 � 9.1 64.3 � 10.5 58.2 � 8.7
Sex
Male 186 (31.7) 199 (33.1) 80 (36.5) 118 (34.0) 32 (37.2)
Female 400 (68.3) 403 (66.9) 139 (63.5) 229 (66.0) 54 (62.8)

Race
White 463 (79.0) 494 (82.1) 159 (72.6) 299 (86.2) 73 (84.9)
Black or African American 70 (11.9) 54 (9.0) 48 (21.9) 8 (2.3) 10 (11.6)
Asian 49 (8.4) 47 (7.8) 8 (3.7) 36 (10.4) 2 (2.3)
Other/unknown 4 (0.7) 7 (1.2) 4 (1.8) 4 (1.2) 1 (1.2)

Body mass index, kg/m2

<25 62 (10.6) 88 (14.6) 27 (12.3) 44 (12.7) 7 (8.1)
25 to <30 183 (31.2) 188 (31.2) 71 (32.4) 110 (31.7) 18 (20.9)
30 to <35 191 (32.6) 196 (32.6) 74 (33.8) 129 (37.2) 41 (47.7)
≥35 150 (25.6) 130 (21.6) 47 (21.5) 64 (18.4) 20 (23.3)

Index joint†
Hip 80 (13.7) 88 (14.6) 30 (13.7) 48 (13.8) 0
Knee 506 (86.3) 514 (85.4) 189 (86.3) 299 (86.2) 86 (100.0)

K/L grade of index joint
0 0 2 (0.3) 0 0 0
1 0 1 (0.2) 0 0 0
2 157 (26.8) 144 (23.9) 56 (25.6) 83 (23.9) 40 (46.5)
3 247 (42.2) 270 (44.9) 98 (44.7) 152 (43.8) 34 (39.5)
4 182 (31.1) 185 (30.7) 64 (29.2) 112 (32.3) 12 (14.0)

No. of joints (index and nonindex) K/L grade ≥2‡
0 0 0 0 0 –

1 101 (19.6) 126 (23.9) 45 (20.5) 48 (16.9) –

2 278 (54.1) 286 (54.2) 116 (53.0) 166 (58.5) –

3 87 (16.9) 68 (12.9) 34 (15.5) 48 (16.9) –

4 48 (9.3) 48 (9.1) 24 (11.0) 22 (7.7) –

OA disease duration, mean � SD years 8.9 � 8.4 8.0 � 7.9 9.0 � 7.3 8.0 � 7.6 9.0 � 10.5
Baseline WOMAC pain score, mean � SD 7.0 � 1.1 7.0 � 1.2 7.3 � 1.2 6.8 � 1.1 7.5 � 1.3
Baseline WOMAC physical function score, mean � SD 7.0 � 1.1 7.0 � 1.1 7.4 � 1.2 6.8 � 1.1 7.1 � 1.4

* Values are the number (%) of patients unless indicated otherwise. K/L = Kellgren/Lawrence; WOMAC =WesternOntario andMcMaster Univer-
sities Osteoarthritis Index.
† Index joint was defined as the most painful joint at baseline with a qualifying WOMAC pain score and K/L grade as confirmed by a central
reader.
‡ K/L grade of nonindex hips and knees was only assessed in studies A4091056 and A4091057.

TANEZUMAB SAFETY IN OA PATIENTS 921

http://onlinelibrary.wiley.com/doi/10.1002/acr.24637
http://onlinelibrary.wiley.com/doi/10.1002/acr.24637


Table 3. Summary of overall treatment-emergent adverse events with subcutaneous tanezumab treatment*

AEs
Placebo
(n = 586)

2.5 mg
(n = 602)

2.5/5 mg
(n = 219)

5 mg
(n = 347)

10 mg
(n = 86)

During the treatment period†
Number of AEs 647 684 209 482 78
Patients with an AE 303 (51.7) 315 (52.3) 103 (47.0) 190 (54.8) 34 (39.5)
Patients with serious AE‡ 9 (1.5) 13 (2.2) 3 (1.4) 9 (2.6) 0
Patients with severe AE§ 10 (1.7) 13 (2.2) 6 (2.7) 13 (3.7) 0
Patients discontinuing treatment due to an AE¶ 12 (2.0) 8 (1.3) 1 (0.5) 4 (1.2) 0
Common AEs#
Arthralgia 67 (11.4) 52 (8.6) 19 (8.7) 30 (8.6) 4 (4.7)
Nasopharyngitis 33 (5.6) 44 (7.3) 11 (5.0) 23 (6.6) 0
Back pain 22 (3.8) 28 (4.7) 6 (2.7) 18 (5.2) 0
Headache 27 (4.6) 26 (4.3) 7 (3.2) 14 (4.0) 5 (5.8)
Paresthesia 6 (1.0) 14 (2.3) 3 (1.4) 14 (4.0) 6 (7.0)
Osteoarthritis 10 (1.7) 13 (2.2) 1 (0.5) 13 (3.7) 0
Joint swelling 10 (1.7) 15 (2.5) 4 (1.8) 10 (2.9) 2 (2.3)
Influenza 7 (1.2) 7 (1.2) 0 9 (2.6) 1 (1.2)
Fall 14 (2.4) 26 (4.3) 4 (1.8) 8 (2.3) 0
Musculoskeletal pain 15 (2.6) 14 (2.3) 2 (0.9) 8 (2.3) 1 (1.2)
Hypoesthesia 5 (0.9) 11 (1.8) 3 (1.4) 8 (2.3) 5 (5.8)
Pain in extremity 10 (1.7) 14 (2.3) 7 (3.2) 7 (2.0) 3 (3.5)
Upper respiratory tract infection 9 (1.5) 14 (2.3) 3 (1.4) 7 (2.0) 0
Edema peripheral 1 (0.2) 6 (1.0) 6 (2.7) 6 (1.7) 0
Peripheral swelling 5 (0.9) 4 (0.7) 2 (0.9) 5 (1.4) 2 (2.3)
Diarrhea 7 (1.2) 9 (1.5) 5 (2.3) 4 (1.2) 0
Bronchitis 8 (1.4) 7 (1.2) 0 3 (0.9) 2 (2.3)
Synovial cyst 2 (0.3) 3 (0.5) 1 (0.5) 3 (0.9) 2 (2.3)
Joint stiffness 1 (0.2) 4 (0.7) 5 (2.3) 2 (0.6) 0
Urinary tract infection 4 (0.7) 10 (1.7) 3 (1.4) 2 (0.6) 2 (2.3)
Injection site reaction 3 (0.5) 2 (0.3) 0 1 (0.3) 4 (4.7)

During the full study period**
Number of AEs 959 1,041 339 676 95
Patients with an AE 357 (60.9) 378 (62.8) 130 (59.4) 221 (63.7) 36 (41.9)
Patients with serious AE 21 (3.6) 32 (5.3) 8 (3.7) 23 (6.6) 0
Patients with severe AE 23 (3.9) 28 (4.7) 13 (5.9) 23 (6.6) 1 (1.2)
Common AEs#
Arthralgia 95 (16.2) 91 (15.1) 30 (13.7) 53 (15.3) 5 (5.8)
Nasopharyngitis 49 (8.4) 61 (10.1) 16 (7.3) 31 (8.9) 0
Back pain 32 (5.5) 42 (7.0) 8 (3.7) 26 (7.5) 1 (1.2)
Osteoarthritis 19 (3.2) 22 (3.7) 2 (0.9) 22 (6.3) 1 (1.2)
Headache 33 (5.6) 34 (5.6) 8 (3.7) 16 (4.6) 5 (5.8)
Paresthesia 7 (1.2) 15 (2.5) 3 (1.4) 14 (4.0) 6 (7.0)
Musculoskeletal pain 23 (3.9) 31 (5.1) 7 (3.2) 13 (3.7) 2 (2.3)
Joint swelling 13 (2.2) 17 (2.8) 6 (2.7) 12 (3.5) 3 (3.5)
Pain in extremity 16 (2.7) 26 (4.3) 9 (4.1) 12 (3.5) 4 (4.7)
Edema peripheral 2 (0.3) 7 (1.2) 7 (3.2) 11 (3.2) 2 (2.3)
Influenza 10 (1.7) 14 (2.3) 1 (0.5) 11 (3.2) 1 (1.2)
Fall 21 (3.6) 35 (5.8) 9 (4.1) 10 (2.9) 1 (1.2)
Upper respiratory tract infection 13 (2.2) 18 (3.0) 10 (4.6) 9 (2.6) 0
Cough 9 (1.5) 9 (1.5) 2 (0.9) 9 (2.6) 0
Rapidly progressive osteoarthritis 0 7 (1.2) 1 (0.5) 8 (2.3) 0
Hypoesthesia 8 (1.4) 15 (2.5) 5 (2.3) 8 (2.3) 6 (7.0)
Respiratory tract infection 0 2 (0.3) 0 7 (2.0) 0
Cataract 6 (1.0) 3 (0.5) 0 7 (2.0) 0
Hypertension 13 (2.2) 7 (1.2) 2 (0.9) 6 (1.7) 1 (1.2)
Diarrhea 9 (1.5) 10 (1.7) 8 (3.7) 5 (1.4) 0
Peripheral swelling 5 (0.9) 4 (0.7) 3 (1.4) 5 (1.4) 2 (2.3)
Neck pain 12 (2.0) 9 (1.5) 2 (0.9) 4 (1.2) 0
Bronchitis 13 (2.2) 16 (2.7) 0 4 (1.2) 2 (2.3)
Urinary tract infection 8 (1.4) 15 (2.5) 4 (1.8) 4 (1.2) 2 (2.3)
Joint stiffness 2 (0.3) 5 (0.8) 5 (2.3) 4 (1.2) 0
Synovial cyst 3 (0.5) 4 (0.7) 1 (0.5) 4 (1.2) 2 (2.3)
Muscle spasms 6 (1.0) 8 (1.3) 5 (2.3) 3 (0.9) 1 (1.2)

(Continued)
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interval [95% CI] of the risk difference versus placebo excluded
0) in a tanezumab group relative to placebo (data not shown).
Five deaths were reported (tanezumab 2.5 mg: cerebrovascu-
lar incident [informed by family after patient was lost to
follow-up]; tanezumab 2.5/5 mg: lung cancer and suicide in
follow-up period; tanezumab 5 mg: nasopharyngitis [severe
cold with probable influenza virus infection] and cardiorespira-
tory arrest in treatment period); none were deemed treatment-
related (13,14).

Joint safety events. Joint safety findings for the full study
period are summarized in Table 4 (A4091056 and A4091057).
The proportion of patients included in the composite joint safety
endpoint was 0% for placebo, 1.9% for tanezumab 2.5 mg,
0.5% for tanezumab 2.5/5 mg, and 3.2% for tanezumab 5 mg.
Risk difference versus placebo was significantly greater for tane-
zumab 5 mg (3.17 [95% CI 0.56, 7.18]; P = 0.037) but not for
tanezumab 2.5 mg (1.89 [95% CI –0.05, 4.71]; P = 0.084) or
tanezumab 2.5/5 mg (0.46 [95% CI –1.63, 4.47]; P = 0.696).

Observation time-adjusted incidence rates (patients with
events/1,000 patient-years) for the composite joint safety end-
point were 24.1, 6.2, and 37.5 for tanezumab 2.5 mg, 2.5/5 mg,
and 5 mg, respectively. The most common adjudicated joint
safety event was RPOA (2.5 mg = 1.7%, 2.5/5 mg = 0.5%, and
5 mg = 2.8%), mostly RPOA type 1.

Among 20 tanezumab-treated patients included in the com-
posite joint safety end point, 11 (55%) had the joint safety event
in a knee and 9 (45%) had it in a hip. Eleven (55%) had the safety
event in an index joint and 9 (45%) had it in a nonindex joint. Base-
line K/L grade in the affected joint was 0, 1, 2, 3, or 4 for 2 patients
(10%), 1 patient (5%), 7 patients (35%), 7 patients (35%), and
3 patients (15%), respectively. Joint safety events occurred during
the treatment period (n = 3; 15%), after discontinuing the treat-
ment period (n = 1; 5%), and after completing the treatment
period (n = 16; 80%). Six (30%) of 20 patients included in the
composite joint safety end point underwent a TJR.

TJR rates observed with tanezumab (2.5 mg = 5.9%, 2.5/5
mg = 6.8%, and 5 mg = 7.0%) were not significantly different

Table 3. (Cont’d)

AEs
Placebo
(n = 586)

2.5 mg
(n = 602)

2.5/5 mg
(n = 219)

5 mg
(n = 347)

10 mg
(n = 86)

Injection site reaction 3 (0.5) 2 (0.3) 0 1 (0.3) 4 (4.7)
Rotator cuff syndrome 4 (0.7) 6 (1.0) 5 (2.3) 1 (0.3) 0

* Values are the number (%) unless indicated otherwise. AE = adverse event.
† Treatment period was 16, 16, and 24 weeks for studies A4091027, A4091056, and A4091057, respectively.
‡ Osteoarthritis (OA) was the only serious AE that occurred in >1 patient in any treatment group (2 patients each in the placebo, tanezumab
2.5-mg, and tanezumab 5-mg groups).
§ Arthralgia was the only AE reported as severe in >1 patient in any group (placebo n = 3; tanezumab 2.5 mg n = 1; tanezumab 5 mg n = 7).
¶ The only treatment-emergent AEs that led to discontinuation of treatment and/or study in >1 patient in any group were arthralgia (placebo
n = 7; tanezumab 2.5 mg n = 2; tanezumab 2.5/5 mg n = 1) and OA (tanezumab 2.5 mg n = 3).
# Occurring in ≥2% of patients in any treatment group.
** Full study comprised both the treatment plus safety follow-up periods. These periods were 16 + 8, 16 + 24, and 24 + 24 weeks for studies
A40901027, A4091056, and A4091057, respectively.

Table 4. Summary of joint safety with subcutaneous tanezumab treatment or placebo during the full study period*

Patients†
Placebo
(n = 514)

2.5 mg
(n = 528)

2.5/5 mg
(n = 219)

5 mg
(n = 284)

Analyzed by the adjudication committee‡ 24 (4.7) 41 (7.8) 17 (7.8) 33 (11.6)
Included in the composite joint safety end point‡ 0 10 (1.9) 1 (0.5) 9 (3.2)
Rapidly progressive osteoarthritis§ 0 9 (1.7) 1 (0.5) 8 (2.8)
Type 1 0 6 (1.1) 1 (0.5) 5 (1.8)
Type 2 0 3 (0.6) 0 3 (1.1)

Primary osteonecrosis 0 0 0 1 (0.4)
Subchondral insufficiency fracture 0 1 (0.2) 0 0

Normal progression of osteoarthritis 22 (4.3) 30 (5.7) 16 (7.3) 19 (6.7)
Other joint outcome‡ 2 (0.4) 1 (0.2) 0 5 (1.8)
With ≥1 total joint replacement 23 (4.5) 31 (5.9) 15 (6.8) 20 (7.0)

* Values are the number (%) of patients. Full study comprised both the treatment plus follow-up periods. These periods were 16 + 24 and
24 + 24 weeks for studies A4091056 and A4091057, respectively.
† Data are for studies A4091056 and A4091057 only; A4091027 was not included in the analysis. See Methods section for details.
‡ Other joint outcomes included 2 instances of preexisting conditions in the placebo group; 1 instance of preexisting conditions in the tanezu-
mab 2.5-mg group; and 2 instances of preexisting conditions, 2 instances of no change in joint, and 1 instance of posttraumatic condition in the
tanezumab 5-mg group.
§ Rapidly progressive osteoarthritis type 1 was defined as a significant loss of joint space width ≥2 mm (predicated on optimal joint positioning)
within approximately 1 year, without gross structural failure. Rapidly progressive osteoarthritis type 2 was defined as abnormal bone loss or
destruction, including limited or total collapse of at least 1 subchondral surface, which is not normally present in conventional end-stage oste-
oarthritis (ref. 16).
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from placebo (4.5%); risk difference versus placebo was 1.40
(95% CI –2.17, 5.73) for tanezumab 2.5 mg (P = 0.443), 2.37
(95% CI –2.24, 8.60) for tanezumab 2.5/5 mg (P = 0.333), and
2.57 (95% CI –1.72, 8.10) for tanezumab 5 mg (P = 0.253).

TEAEs of APS. TEAEs of APS during the treatment and full
study periods are summarized in Table 5 (A4091027,
A4091056, and A4091057). Rates of these TEAEs during the
treatment period were higher with tanezumab (2.5 mg = 5.1%,
2.5/5 mg = 3.2%, 5 mg = 6.1%, and 10 mg = 12.8%) than pla-
cebo (2.2%) and increased with increasing tanezumab dose. Par-
esthesia and hypoesthesia were the most common adverse
events and were reported more frequently in all tanezumab
groups than in the placebo group.

Among patients experiencing a TEAE of APS during the treat-
ment period, most had a mild adverse event (placebo = 92.3%,
tanezumab 2.5 mg = 74.2%, tanezumab 2.5/5 mg = 85.7%, tane-
zumab 5mg = 76.2%, and tanezumab 10mg = 81.8%), none had
a severe or serious event, and only 1 (hypoesthesia in the tanezu-
mab 5-mg group) discontinued treatment as a result.

The mean � SD/median day of onset for TEAEs of APS
during the treatment period was 45.2 � 37.4/57.0 for placebo,
57.3 � 46.9/57.0 for tanezumab 2.5 mg, 44.1 � 36.6/41.0 for
tanezumab 2.5/5 mg, 71.3 � 55.3/61.0 for tanezumab 5 mg, and
53.0 � 28.5/62.0 for tanezumab 10 mg. The mean � SD/median
duration of these TEAEswas 109.9 � 148.9/29.0 days for placebo,
66.8 � 81.3/31.0 days for tanezumab 2.5 mg, 76.9 � 44.2/54.0
days for tanezumab 2.5/5 mg, 41.7 � 77.0/16.0 days for

Table 5. Summary of treatment-emergent AEs of abnormal peripheral sensation with subcutaneous tanezumab treatment or placebo*

AEs
Placebo
(n = 586)

2.5 mg
(n = 602)

2.5/5 mg
(n = 219)

5 mg
(n = 347)

10 mg
(n = 86)

During the treatment period†
Patients with an AE 13 (2.2) 31 (5.1) 7 (3.2) 21 (6.1) 11 (12.8)
Patients with serious AE 0 0 0 0 0
Patients with severe AE 0 0 0 0 0
Patients discontinuing treatment due to an AE 0 0 0 1 (0.3) 0
Specific AEs
Paresthesia 6 (1.0) 14 (2.3) 3 (1.4) 14 (4.0) 6 (7.0)
Hypoesthesia 5 (0.9) 11 (1.8) 3 (1.4) 8 (2.3) 5 (5.8)
Burning sensation 1 (0.2) 1 (0.2) 0 2 (0.6) 0
Carpal tunnel syndrome 0 3 (0.5) 0 1 (0.3) 0
Sciatica 1 (0.2) 3 (0.5) 0 1 (0.3) 0
Decreased vibratory sense 3 (0.5) 1 (0.2) 1 (0.5) 1 (0.3) 1 (1.2)
Neuralgia 0 1 (0.2) 0 1 (0.3) 0
Neuropathy peripheral 0 0 0 1 (0.3) 1 (1.2)
Paresthesia oral 0 0 0 1 (0.3) 0
Hypoesthesia oral 1 (0.2) 0 0 0 0
Sensory disturbance 0 0 0 0 1 (1.2)

During the full study period‡
Patients with an AE 19 (3.2) 41 (6.8) 9 (4.1) 24 (6.9) 12 (14.0)
Patients with serious AE 1 (0.2) 0 0 0 0
Patients with severe AE 1 (0.2) 2 (0.3) 0 0 0
Specific AEs
Paresthesia 7 (1.2) 15 (2.5) 3 (1.4) 14 (4.0) 6 (7.0)
Hypoesthesia 8 (1.4) 15 (2.5) 5 (2.3) 8 (2.3) 6 (7.0)
Sciatica 4 (0.7) 6 (1.0) 0 3 (0.9) 0
Burning sensation 1 (0.2) 1 (0.2) 0 2 (0.6) 0
Decreased vibratory sense 3 (0.5) 2 (0.3) 1 (0.5) 2 (0.6) 1 (1.2)
Carpal tunnel syndrome 0 4 (0.7) 0 1 (0.3) 0
Neuralgia 0 1 (0.2) 0 1 (0.3) 0
Neuropathy peripheral 0 0 0 1 (0.3) 1 (1.2)
Paresthesia oral 0 0 0 1 (0.3) 0
Sensory loss 1 (0.2) 1 (0.2) 0 0 0
Dysesthesia 0 1 (0.2) 0 0 0
Hypoesthesia oral 1 (0.2) 0 0 0 0
Sensory disturbance 0 0 0 0 1 (1.2)

* Values are the number (%). Events of abnormal peripheral sensation could include the terms of allodynia, axonal neuropathy, burning sensa-
tion, carpal tunnel syndrome, decreased vibratory sense, demyelinating polyneuropathy, dysesthesia, formication, hyperesthesia, hyperpathia,
hypoesthesia, hypoesthesia oral, intercostal neuralgia, neuralgia, neuritis, neuropathy peripheral, paresthesia, paresthesia oral, peripheral
sensorimotor neuropathy, peripheral sensory neuropathy, polyneuropathy, polyneuropathy chronic, sciatica, sensory disturbance, sensory
loss, tarsal tunnel syndrome, or thermal hypoesthesia. AE = adverse event.
† Treatment period was 16, 16, and 24 weeks for studies A4091027, A4091056, and A4091057, respectively.
‡ Full study comprised both the treatment plus safety follow-up periods. These periods were 16 + 8, 16 + 24, and 24 + 24 weeks for studies
A40901027, A4091056, and A4091057, respectively.
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tanezumab5mg,and35.3 � 40.7/17.0 days for tanezumab10mg.
Except for patients in the tanezumab 10-mg group, a majority of
patients had resolution of the adverse event by the end of the
study (placebo = 12 of 13 [92.3%], tanezumab 2.5 mg = 25 of
31 [80.6%], tanezumab 2.5/5 mg = 6 of 7 [85.7%], tanezumab
5 mg = 19 of 21 [90.5%], and tanezumab 10 mg = 3 of
11 [27.3%]). Notably, particularly regarding resolution, data for the
10-mgdosewerederivedonly fromstudyA4091027, inwhichsafety
follow-upwas shorter (8 weeks) than in theother studies (24 weeks).
Theoverall profile of TEAEsof APSover the full studyperiodwas sim-
ilar to that of the treatment period.

At the final neurologic examination, ≥92% of patients (across
all groups in all 3 trials) had no new or worsened abnormalities,
<1.0% had new or worsened abnormalities deemed clinically sig-
nificant, and overall findings were similar in the tanezumab and
placebo groups. In studies A4091056 and A4091057,
tanezumab-treated patients required neurologic consultation
more frequently (1.8–3.2%) than placebo-treated patients (1.4%)
(see Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24637). Radiculopathy, mononeuropathy, and peripheral
polyneuropathy were the most common diagnoses among
patients with a consultation, but none occurred in >1.3% of
patients in any group, and a dose-dependent response was not
observed among tanezumab-treated patients. Radiculopathy
and mononeuropathy were more frequent in tanezumab-treated

patients (0.5–1.3% and 0–1.3%, respectively) than in placebo-
treated patients (0.4% and 0.2%, respectively), though the
frequency of peripheral polyneuropathy was similar in the tanezu-
mab group (0–0.5%) and the placebo group (0.2%).

TEAEs potentially associated with sympathetic neu-
ropathy. TEAEs potentially associated with sympathetic neurop-
athy during the treatment and full study periods are summarized
in Table 6 (A4091056 and A4091057). Rates of these TEAEs dur-
ing the treatment period were 0.8% for placebo, 1.5% for tanezu-
mab 2.5 mg, 0.5% for tanezumab 2.5/5 mg, and 2.8% for
tanezumab 5 mg. Exposure-adjusted incidence rates (the num-
ber of patients with events/1,000 patient-years) were not signifi-
cantly different for tanezumab (2.5 mg = 40.4, 2.5/5 mg = 14.7,
and 5 mg = 63.2) compared with placebo (21.4); risk difference
versus placebo was 19 (95% CI –15.9, 54.0) for tanezumab
2.5 mg (P = 0.286), –6.6 (95% CI –42.3, 29.1) for tanezumab
2.5/5 mg (P = 0.716), and 41.8 (95% CI –6.7, 90.4) for tanezu-
mab 5 mg (P = 0.091). Reports consisted mostly of bradycar-
dia or orthostatic hypotension.

Among patients experiencing a TEAE potentially associated
with sympathetic neuropathy during the treatment period, most
had a mild adverse event (placebo = 100%, tanezumab 2.5
mg = 87.5%, tanezumab 2.5/5 mg = 100.0%, tanezumab
5 mg = 87.5%), and none had an event that was severe, serious,
or led to treatment discontinuation.

Table 6. Summary of treatment-emergent AEs potentially associated with sympathetic neuropathy subcuta-
neous tanezumab treatment or placebo*

AEs
Placebo
(n = 514)†

2.5 mg
(n = 528)

2.5/5 mg
(n = 219)

5 mg
(n = 284)

During the treatment period‡
Patients with an AE 4 (0.8) 8 (1.5) 1 (0.5) 8 (2.8)
Patients with serious AE 0 0 0 0
Patients with severe AE 0 0 0 0
Patients discontinuing treatment due to an AE 0 0 0 0
Specific AEs
Bradycardia 3 (0.6) 4 (0.8) 0 4 (1.4)
Orthostatic hypotension 1 (0.2) 3 (0.6) 1 (0.5) 3 (1.1)
Syncope 0 0 0 1 (0.4)
Hypohidrosis 0 1 (0.2) 0 0
Anhidrosis 0 0 0 0

During the full study period§
Patients with an AE 8 (1.6) 12 (2.3) 2 (0.9) 11 (3.9)
Patients with serious AE 0 0 0 0
Patients with severe AE 0 0 0 0
Specific AEs
Bradycardia 7 (1.4) 7 (1.3) 1 (0.5) 6 (2.1)
Orthostatic hypotension 1 (0.2) 4 (0.8) 1 (0.5) 4 (1.4)
Syncope 0 0 0 1 (0.4)
Hypohidrosis 0 1 (0.2) 0 0
Anhidrosis 0 0 0 0

* Values are the number (%). AE = adverse event.
† Data are for studies A4091056 and A4091057 only; A4091027 was not included in the analysis. See Methods
section for details.
‡ Treatment period was 16 and 24 weeks for studies A4091056 and A4091057, respectively.
§ Full study comprised both the treatment plus safety follow-up periods. These periods were 16 + 24
weeks and 24 + 24 weeks for studies A4091056 and A4091057, respectively.
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The mean � SD/median day of onset for these TEAEs during
the treatment period was 127.3 � 48.2/128.0 for placebo (n = 4),
93.0 � 59.2/101.5 for tanezumab 2.5 mg (n = 8), 85.0 (NA)/85.0
for tanezumab 2.5/5 mg (n = 1), and 111.1 � 71.7/141.5 for
tanezumab 5 mg (n = 8). The mean � SD/median duration
for these TEAEs was 47.8 � 24.1/45.5 days for placebo,
40.1 � 55.5/18.5 days for tanezumab 2.5 mg, 30.0 (NA)/30.0
days for tanezumab 2.5/5 mg, and 44.9 � 49.0/16.0 days for tane-
zumab 5 mg. All patients had resolution of the adverse event.

The overall profile of TEAEs potentially associated with sym-
pathetic neuropathy over the full study period was similar to that
of the treatment period. The number of patients having a consul-
tation due to a TEAE potentially associated with sympathetic
neuropathy was 11 (2.1%) for placebo, 7 (1.3%) for tanezumab
2.5 mg, 5 (2.3%) for tanezumab 2.5/5 mg, and 5 (1.8%) for
tanezumab 5 mg. None were diagnosed with a sympathetic
neuropathy.

DISCUSSION

This pooled analysis of data from over 1,800 patients in 3 pla-
cebo-controlled studies demonstrates that SC tanezumab was
well tolerated in most patients with moderate-to-severe OA of
the hip or knee, and no new safety concerns were identified.
TEAEs of APS were more common with tanezumab than pla-
cebo, though such events were infrequent, predominantly mild,
and typically resolved without discontinuing treatment. Joint
safety events, predominantly RPOA type 1, were also infrequent
but were more common with tanezumab than placebo. Joint
safety events, TEAEs of APS, and TEAEs potentially associated
with sympathetic neuropathy were generally dose-dependent,
with tanezumab 2.5 mg exhibiting a more favorable safety profile
than higher doses.

Overall TEAEs during the treatment period occurred at simi-
lar rates in the tanezumab groups (39.5–54.8%) and placebo
group (51.7%), and most were mild. The only TEAEs that were
severe, serious, or led to discontinuation during the treatment
period in >1 patient in any tanezumab group were arthralgia and
OA. These particular TEAEs are not unexpected given that the
studies enrolled patients with moderate-to-severe OA and a his-
tory of inadequate response to pharmacologic OA treatment.
TEAEs associated with tanezumab in this study (e.g., edema
peripheral, hypoesthesia, and paresthesia) have been frequently
reported in previous studies of tanezumab. Injection-site reaction
and synovial cyst were more often reported with tanezumab
10 mg than placebo, but this dose had relatively few patients
since it was discontinued in post-2015 studies.

In post-2015 placebo-controlled studies analyzed here, joint
safety events were more common with tanezumab (2.5
mg = 1.9%, 2.5/5 mg = 0.5%, and 5 mg = 3.2%) than placebo
(0%). The risk difference for the composite joint safety end point
versus placebo was significantly greater for the tanezumab 5-mg

group. Rates of TJRs, though numerically higher with tanezumab
than placebo, were not significantly different among treatment
groups. Rates of the composite joint safety end point and of TJRs
were numerically lower with 2.5 mg of tanezumab than with 5 mg
of tanezumab. Due to extensive joint safety screening and moni-
toring procedures, comparing the rate of joint safety events in
post-2015 studies with pre-2015 studies is difficult. Similar to
pre-2015 studies (where adjudication was conducted retrospec-
tively), however, most tanezumab-treated patients analyzed by
the adjudication committee in this post-2015 analysis had an out-
come of normal progression of OA (71.4%), and the most com-
mon event included in the composite joint safety end point was
RPOA. In contrast to pre-2015 studies, RPOA type 1 was more
frequently reported than RPOA type 2 in the current analysis, likely
due to increased surveillance in post-2015 studies (10). In the cur-
rent analysis, joint safety events included in the composite joint
safety end point occurred primarily in joints that had K/L grade
evidence of OA at baseline, with similar frequency in both index
(55%) and nonindex (45%) joints. Only 3 events (15%) occurred
in a joint with a baseline K/L grade of <2. Most events in the com-
posite joint safety end point (80%) occurred after completion of
the treatment period, and 30% led to a TJR. Additional details
on these joint events have been described previously (13,14).

Repeated administration of high-dose NGF antibody does
not affect healthy bone or joint tissue in monkeys or rodents
(18). NGF antibody has not been associated with RPOA in pre-
clinical studies, and the mechanism underlying increased rates
of RPOA with tanezumab in human trials is unclear (10,19,20).
Several mechanisms have been proposed that may explain the
increased risk for joint safety events reported in tanezumab
studies, including neuropathic and analgesic arthropathy, preex-
isting deficits in bone integrity, and NGF-related effects on carti-
lage repair and load-induced bone formation (10,21). However,
patients receiving tanezumab do not exhibit a loss of protective
pain sensitivity, which suggests neuropathic arthropathy is an
unlikely mechanism. A description of joint safety in a long-term
study of tanezumab was recently published (22), and further
details of the systematic assessment of joint safety in the tanezu-
mab clinical program will be addressed in future publications.

Due to NGF’s ability to modulate nociceptor function,
assessment of TEAEs of APS (e.g., hypoesthesia and paresthe-
sia) is pertinent to agents targeting NGF (21,23). TEAEs of APS
occurred more frequently during the treatment period with tane-
zumab (3.2–12.8%) than placebo (2.2%), and occurred in a
dose-dependent manner. The rates observed in this study were
similar to those observed in previous trials of IV tanezumab at
doses of 2.5 mg to 10 mg (typically <5% to 10%) (11,24). How-
ever, the current analysis demonstrates that TEAEs of APS
among tanezumab-treated patients during the treatment period
were mostly mild (none were serious), they rarely led to treatment
discontinuation, and except for the 10-mg dose (discontinued in
post-2015 trials), they typically resolved. Further, neurologic
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examinations and consultations did not provide evidence that
tanezumab increases the risk of peripheral polyneuropathy.

In a 24-week study in patients with painful OA, IV tanezumab
(5 or 10 mg every 8 weeks) did not produce significant structural
changes in Aδ and C fibers (assessed by intraepidermal nerve
fiber density [IENF]) or changes in nerve conduction parameters
compared with placebo (12). Similarly, in a 16-week study in
patients with diabetic peripheral neuropathy, IV tanezumab
(20 mg every 8 weeks) was not associated with significant
changes in IENF density, and quantitative sensory testing demon-
strated that function of small and large sensory fibers of the lower
extremities was not altered (25). Though completion of these pre-
vious studies was impacted by clinical hold, the studies support
the current pooled analysis suggesting that tanezumab treat-
ment, though associated with increased rates of transient and
typically mild events of APS versus placebo, may not lead to irre-
versible changes in peripheral sensory function.

Possible changes in sympathetic neuronal morphology in
rodents have been observed with tanezumab (26). In the current
analysis, rates of TEAEs potentially associated with sympathetic
neuropathy during the treatment period were higher with tanezu-
mab (0.5–2.8%) than placebo (0.8%). These adverse events were
almost exclusively bradycardia and orthostatic hypotension.
However, since the number of patients with TEAEs potentially
associated with sympathetic neuropathy was low (no specific
event occurred in >4 patients per group), making conclusions
based solely on raw incidence rates is difficult. Exposure-adjusted
rates were not significantly different between tanezumab and pla-
cebo groups. Further, TEAEs potentially associated with sympa-
thetic neuropathy in tanezumab-treated patients during the
treatment period were mostly mild, and all resolved without treat-
ment discontinuation. Notably, while the TEAEs included here are
potentially associated with sympathetic neuropathy, they may
have etiologies unrelated to sympathetic neuropathy, and no
patient was diagnosed with a sympathetic neuropathy following
neurologic consultation.

Three studies have assessed the effects of tanezumab (clin-
ically relevant and supratherapeutic doses) on the sympathetic
nervous system of adult nonhuman primates. They showed that
6-month exposure to tanezumab decreased sympathetic gan-
glion volume and neuron size, but such changes were not asso-
ciated with clinical signs of sympathetic dysfunction and
completely reversed when treatment was discontinued (27). No
adverse effects on the sympathetic control of cardiovascular
function were associated with tanezumab exposure (27). These
studies concluded that tanezumab administration (up to
6 months) had no adverse effects on sympathetic neuronal mor-
phology or function and did not cause cell death in adult nonhu-
man primates (27). These findings, along with results from the
current pooled analysis, support a conclusion that tanezumab
is not associated with any significant sympathetic safety
concerns.

The findings of this pooled analysis are limited by the rela-
tively short trial durations. Most patients received only 1 dose of
SC study medication in study A4091027 due to partial clinical
hold, while treatment duration was 16–24 weeks (2–3 doses) in
post-2015 studies. Thus, our findings may not represent
long-term safety of tanezumab treatment, which will be better
evaluated in comparator studies of extended duration. In addition,
clinical trial settings are strictly controlled and may not fully repre-
sent real-world treatment settings. Finally, because clinical devel-
opment of tanezumab 10 mg was discontinued and not
included in post-2015 studies, the 10-mg arm was small
(n = 86) compared with other groups (n = 219 to 602), making
conclusions about this dose less robust. However, the strength
of this analysis resides in the large data set (>1,200) of
tanezumab-treated patients. Additionally, the 2 post-2015 trials
incorporated extensive neurologic and joint safety monitoring pro-
cedures and lengthy follow-up periods (24 weeks), allowing for
comprehensive assessment of tanezumab’s neurologic and joint
safety during and after treatment. Overall, SC tanezumab was
well tolerated in most patients. TEAEs of APS (mostly mild and
transient) and joint safety events were infrequent but more com-
mon with tanezumab (particularly at doses of >2.5 mg) than
placebo.
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B R I E F R E P O R T

Detection of Differences in Longitudinal Cartilage
Thickness Loss Using a Deep-Learning Automated
Segmentation Algorithm: Data From the Foundation
for the National Institutes of Health Biomarkers Study
of the Osteoarthritis Initiative

Felix Eckstein,1 Akshay S. Chaudhari,2 David Fuerst,1 Martin Gaisberger,3 Jana Kemnitz,4

Christian F. Baumgartner,5 Ender Konukoglu,5 David J. Hunter,6 and Wolfgang Wirth1

Objective. To study the longitudinal performance of fully automated cartilage segmentation in knees with radio-
graphic osteoarthritis (OA), we evaluated the sensitivity to change in progressor knees from the Foundation for the
National Institutes of Health OA Biomarkers Consortium between the automated and previously reported manual
expert segmentation, and we determined whether differences in progression rates between predefined cohorts can
be detected by the fully automated approach.

Methods. The OA Initiative Biomarker Consortium was a nested case–control study. Progressor knees had
both medial tibiofemoral radiographic joint space width loss (≥0.7 mm) and a persistent increase in Western
Ontario and McMaster Universities Osteoarthritis Index pain scores (≥9 on a 0–100 scale) after 2 years from baseline
(n = 194), whereas non-progressor knees did not have either of both (n = 200). Deep-learning automated algorithms
trained on radiographic OA knees or knees of a healthy reference cohort (HRC) were used to automatically segment
medial femorotibial compartment (MFTC) and lateral femorotibial cartilage on baseline and 2-year follow-up magnetic
resonance imaging. Findings were compared with previously published manual expert segmentation.

Results. The mean � SD MFTC cartilage loss in the progressor cohort was –181 � 245 μm by manual segmenta-
tion (standardized response mean [SRM] –0.74), –144 � 200 μm by the radiographic OA–based model (SRM –0.72),
and –69 � 231 μm by HRC-based model segmentation (SRM –0.30). Cohen’s d for rates of progression between
progressor versus the non-progressor cohort was –0.84 (P < 0.001) for manual, –0.68 (P < 0.001) for the automated
radiographic OA model, and –0.14 (P = 0.18) for automated HRC model segmentation.

Conclusion. A fully automated deep-learning segmentation approach not only displays similar sensitivity
to change of longitudinal cartilage thickness loss in knee OA as did manual expert segmentation but also effectively
differentiates longitudinal rates of loss of cartilage thickness between cohorts with different progression profiles.

INTRODUCTION

Knee osteoarthritis (OA) severely affects the quality of life in an
aging population and is responsible for substantial health care

utilization and cost (1). OA treatments that go beyond symptomatic
amelioration and modify the pathophysiology of the disease are an
unmet clinical need. Quantitative magnetic resonance imaging
(qMRI) had an important recent impact on the conduct of clinical
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trials on potential disease-modifying OA drugs (DMOADs) (2–4),

with longitudinal qMRI cartilage thickness change being increas-

ingly used as the primary structural end point for potential regula-

tory approval (2–4).
An (imaging) biomarker exhibiting near-term change that is

associated with longer-term, clinically important outcomes has
potential as a marker of the treatment efficacy of DMOADs. There-
fore, the Foundation for the National Institutes of Health (FNIH) OA
Biomarkers Consortium study was conducted to evaluate the
association of imaging and molecular biomarkers with structural
(radiographic) and symptomatic (pain) progression in knee OA
(5). Medial femorotibial compartment (MFTC) cartilage thickness
loss over 24 months was shown to be associated with combined
radiographic and symptomatic progression, and the association
was shown to be stronger for radiographic progression than for
pain progression (6). Use of imaging biomarkers in clinical trials
and eventually in clinical practice will be greatly facilitated by the
availability of fully automated measurement technology that can
be scaled to faster turnaround. With a potential DMOAD coming
to market, large-scale cartilage morphometric measuring in clini-
cal practice may become a high demand for monitoring individual

treatment response and the need for intermittent versus continu-
ous treatment.

Quantitative MRI of articular cartilage currently requires time-
consuming expert image segmentation. Various semiautomated
or fully automated analysis methods have been proposed to over-
come this limitation; among these are deep-learning convolutional
neural networks (CNNs) (7) and, specifically, U-Net architectures
(8). However, no CNN-based method has thus far tested the sen-
sitivity to longitudinal change or the ability to efficiently differentiate
rates of cartilage loss between progressor knees versus non-
progressor knees (5,6). Yet, this is of crucial importance, given
that quantitative measurement of cartilage is almost exclusively
used in longitudinal context in clinical research, with only small
changes being observed over time (2–4).

Recently, we examined the accuracy of U-Net–based auto-
mated cartilage segmentation in the OA Initiative (OAI) healthy ref-
erence cohort (HRC) and reported high correlations between
cartilage morphometry using automated versus expert manual
segmentation as well as similar test–retest precision between
both (9). The purpose of the current study was to examine the lon-
gitudinal performance of automated deep-learning U-Net–based
cartilage segmentation in knees with radiographic OA (OA). Spe-
cifically, we tested whether the sensitivity to change in knees with
combined radiographic and symptomatic progression from the
FNIH Biomarkers Consortium (5), and whether differences in rates
of progression between progressor and non-progressor knees
(5), are similar between the novel automated, and previously
reported (6), manual expert segmentation approach.

MATERIALS AND METHODS

Study Design. The FNIH Biomarker Consortium was a
nested case–control study (5,6) using data from theOAI (10). Eligible
participants had at least 1 knee with baseline Kellgren/Lawrence
(K/L) grade 1–3 from central radiographic readings, baseline and
24-month knee radiographs and knee MRI, serum and urine speci-
mens, and clinical data (5,6). Radiographs of the knee in fixed flexion
were assessed for K/L grade andOAResearch Society International
(OARSI) joint space narrowing (JSN) grades (5,6). Medial radio-
graphic progression was defined by a loss in minimum radiographic
joint space width (JSW) of ≥0.7 mm from baseline to 24, 36, or
48 months; knee pain was assessed using the Western Ontario

SIGNIFICANCE & INNOVATIONS
• This study investigated the longitudinal performance

characteristics of an automated, convolutional neural
network–based cartilage segmentation method
using magnetic resonance imaging, including the
sensitivity to change of cartilage thickness loss, and
the ability to efficiently differentiate rates of cartilage
loss between different strata (e.g., progressor knees
versus non-progressor knees).

• The fully automated segmentation approach not
only displayed similar sensitivity to change of longi-
tudinal cartilage thickness loss in knee osteoarthritis
(OA) for automated versusmanual expert segmenta-
tion but was also able to effectively differentiate lon-
gitudinal rates of cartilage thickness loss between
cohorts with different progression profiles.

• The method therefore shows great promise in
leveraging the application of quantitative analysis
methods of cartilage thickness loss in clinical trials
investigating the structural progression of knee OA.
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and McMaster Universities Osteoarthritis Index (WOMAC) pain sub-
scale, with progression defined as a persistent (≥2 time points)
increase of ≥9 points on a 0–100 normalized score from baseline
to 24, 36, 48, or 60 months (5,6).

In the FNIH Biomarker Consortium study, primary cases
were as follows: 1) knees that had both radiographic and pain
progression (progressor cohort; n = 194); 2) control knees that
did not have this combination and included knees with neither
radiographic nor pain progression (n = 200); 3) knees with radio-
graphic but not pain progression (n = 103); and 4) knees with pain
but not radiographic progression (n = 103) (5,6). For better covar-
iate balance, the knees selected for the 4 groups were frequency
matched, using K/L grade and body mass index. Cartilage thick-
ness and bone shape biomarkers were previously shown to be
strongly associated with radiographic (but not pain) progression
(6,11); therefore, only knees with neither radiographic nor pain
progression were used in this study as non-progressor controls.
Sensitivity analyses were conducted for partial progressors
(i.e., knees with minimum JSW or pain progression only).

Expert manual and automated deep-learning carti-
lage thickness measurement. Manual expert segmentation
of femorotibial cartilage thickness published in the FNIH Bio-
marker study had relied on double-echo steady-state (DESS)
imaging, with blinding to group assignment and order of acquisi-
tion (6). Segmentation encompassed the total medial and lateral
tibia and the weight-bearing (central) medial and lateral femoral
condyles. All segmentations had been quality controlled by an
expert (6), and a 75% femoral region of interest (ROI) (distance

between the trochlear notch and the posterior ends of the con-
dyles) was used (6).

The automated segmentation method used here was based
on a 2-D U-Net architecture (8,12) and was trained, validated, and
tested also using sagittal DESS images. The U-Net was trained
using a weighted cross entropy loss function with equal weights
for each of the foreground features (i.e., cartilages), and with the
background weight set to one-half of the one used for the fore-
ground, which was minimized, using Adam optimization (initial
learning rate 0.01), as published previously (9). The software was
implemented in Python (Python Software Foundation) using the
Tensorflow framework (Google) (9). Three algorithms were used:
one trained on 52 knees of the HRC of the OAI without radio-
graphic signs, symptoms, or risk factors of knee OA (9); one
trained on 86 OAI knees with radiographic OA (K/L grade 2, 3,
and 4 = 35%, 34%, and 31%, respectively); and one trained on
all of the above 138 knees (combined model). The training was
performed using full-resolution, full-sized MRI slices on an RTX
2080TI graphics processing unit (Nvidia) (9). The performance of
the algorithm trained on HRC knees was validated and tested in
21 of 21 HRC knees, with the automated segmentations display-
ing high agreement (Dice similarity coefficients), high accuracy,
and test–retest precision of cartilage thickness computations (9).

The algorithms trained on the HRC knees, radiographic OA
knees, or the combined set were then applied to the FNIH sample
(5,6), with none of the FNIH knees being including in the training
sets. Automated segmentations were neither quality controlled
nor manually corrected to explore the performance of the auto-
mated approach without manual intervention. Yet, some fully

Table 1. Demographic and baseline cartilage thickness data for the analyzed set of the Foundation for the National Institutes of Health cohort*

Characteristic
JSW + pain
progression

Non-
progression

JSW progression
only

Pain progression
only

Analyzed set, no. 192 200 103 102
Age, years 62.0 � 8.8 61.5 � 9.1 63.1 � 8.3 59.2 � 8.7
Female, no. (%) 109 (57) 130 (65) 46 (45) 66 (65)
BMI, kg/m2 30.7 � 4.8 30.5 � 4.8 30.7 � 4.7 31.0 � 5.0
K/L grade 1/2/3, no. 24/82/86 24/114/62 14/47/42 13/60/29
Medial JSN grade 0/1/2, no. 42/64/86 67/71/62 19/42/42 32/41/29
Lateral JSN grade 0/1/2, no. 188/4/0 196/4/0 102/1/0 99/3/0
Cartilage thickness
MFTC, mm
Expert manual 3.2 � 0.7 3.4 � 0.6 3.4 � 0.6 3.3 � 0.6
Auto ROA 3.5 � 0.6 3.6 � 0.5 3.7 � 0.6 3.6 � 0.6
Auto HRC 3.6 � 0.5 3.6 � 0.5 3.7 � 0.5 3.5 � 0.5
Auto ROA + HRC 3.5 � 0.6 3.6 � 0.5 3.7 � 0.5 3.5 � 0.6

LFTC, mm
Expert manual 3.9 � 0.6 3.8 � 0.6 4.0 � 0.6 3.8 � 0.6
Auto ROA 4.1 � 0.6 4.0 � 0.6 4.2 � 0.6 4.0 � 0.6
Auto HRC 4.0 � 0.6 3.9 � 0.5 4.0 � 0.5 3.9 � 0.5
Auto ROA + HRC 4.0 � 0.6 3.9 � 0.6 4.1 � 0.6 3.9 � 0.5

* Values are the mean � SD unless indicated otherwise. Auto HRC = automatic segmentation algorithm trained on a sample of healthy refer-
ence cohort knees; auto ROA = automatic segmentation algorithm trained on a sample of knees with radiographic osteoarthritis; auto ROA +
HRC = automatic segmentation algorithm trained on a sample of a combined set of ROA and HRC knees (only n = 101 knees in joint spacewidth
[JSW] progressors group); BMI = body mass index; expert manual = expert manual segmentation; JSN = joint space narrowing (according to
Osteoarthritis Research Society International Atlas); K/L = Kellgren/Lawrence; LFTC = lateral femorotibial compartment; MFTC = medial femor-
otibial compartment.
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automated postprocessing was applied, such as filling small
gaps by detecting enclosed unsegmented areas, removal of
implausible segmentations (e.g., fragments not connected to the
main segmentation and those sticking out of the cartilage sur-
face), and removal of femoral cartilage segmentations outside
the ROI (9). Cartilage thickness was computed from the automat-
ically segmented contours in the same way as from the manual
ones using Chondrometrics software (9).

Statistical analysis. The primary descriptive analytic end
point was the comparison of the standardized response mean
(SRM; the mean change from baseline to 24 months’ follow-up

divided by the SD of the change) for the automated radiographic
OA model versus expert manual analysis in the progressor
cohort in the MFTC (the sum of medial tibia and medial femoral
condyles). The SRMs and 95% confidence intervals (95% CIs)
were computed using bias-corrected and accelerated boot-
strapping (1,000 iterations). The primary analytic end point was
the difference in longitudinal MFTC cartilage thickness loss over
24 months between the progressor versus non-progressor
cohort and between the radiographic OA model and the expert
manual analysis. These were compared between the automated
and expert manual analysis using t-tests and Cohen’s d as
a measure of effect size, including their 95% CIs (13).

Table 2. Cartilage thickness loss over 24 months in the medial femorotibial compartment (MFTC) in the 4 Foundation for the National Institutes of
Health cohorts*

JSW + pain
progression

Non-
progression

JSW progression
only

Pain progression
only

MFTC, μm
Expert manual –181 � 245 –22 � 108 –184 � 252 –8 � 119
95% CI –216, –146 –37, –7 –233, –135 –32, 15
SRM (95% CI) –0.74 (–0.85, –0.63) –0.21 (–0.36, –0.07) –0.73 (–0.88, –0.55) –0.07 (–0.28, 0.13)

Auto ROA –144 � 200 –33 � 121 –151 � 251 –15 � 113
95% CI –172, –116 –49, –16 –200, –102 –38, 7
SRM (95% CI) –0.72 (–0.86, –0.57) –0.27 (–0.39, –0.12) –0.60 (–0.75, –0.44) –0.14 (–0.32, 0.07)

Auto HRC –69 � 231 –42 � 130 –96 � 227 –5 � 146
95% CI –102, –36 –60, –24 –140, –51 –34, 23
SRM (95% CI) –0.30 (–0.47, –0.05) –0.33 (–0.45, –0.19) –0.42 (–0.59, –0.23) –0.04 (–0.22, 0.17)

Auto ROA + HRC –116 � 284 –29 � 122 –150 � 245 12 � 134
95% CI –157, –76 –46, –12 –199, –102 –15, 38
SRM (95% CI) –0.41 (–0.72, –0.08) –0.24 (–0.37, –0.11) –0.61 (–0.77, –0.45) 0.09 (–0.11, 0.28)

MT, μm
Expert manual –55 � 100 –11 � 54 –48 � 97 –4 � 51
95% CI –70, –41 –18, –3 –67, –29 –14, 6
SRM (95% CI) –0.56 (–0.67, –0.43) –0.20 (–0.34, –0.06) –0.49 (–0.65, –0.32) –0.09 (–0.31, 0.09)

Auto ROA –31 � 79 –6 � 57 –27 � 91 –2 � 50
95% CI –42, –20 –14, 2 –45, –9 –12, 8
SRM (95% CI) –0.40 (–0.54, –0.25) –0.10 (–0.23, 0.04) –0.30 (–0.45, –0.13) –0.04 (–0.25, 0.17)

Auto HRC –2 � 158 –12 � 58 –8 � 91 0 � 60
95% CI –25, 21 –20, –4 –25, 10 –12, 12
SRM (95% CI) –0.01 (–0.19, 0.15) –0.21 (–0.33, –0.05) –0.08 (–0.26, 0.14) 0.00 (–0.20, 0.19)

Auto ROA + HRC –14 � 185 –7 � 62 –24 � 97 10 � 82
95% CI –41, 12 –16, 2 –44, –5 –6, 26
SRM (95% CI) –0.08 (–0.35, 0.11) –0.11 (–0.24, 0.02) –0.25 (–0.41, –0.05) 0.12 (–0.07, 0.28)

cMF, μm
Expert manual –126 � 175 –12 � 79 –136 � 184 –4 � 93
95% CI –151, –101 –23, –1 –172, –100 –22, 14
SRM (95% CI) –0.72 (–0.82, –0.61) –0.15 (–0.31, –0.01) –0.74 (–0.88, –0.58) –0.04 (–0.25, 0.16)

Auto ROA –113 � 148 –27 � 88 –124 � 185 –13 � 88
95% CI –134, –92 –39, –14 –160, –87 –31, 4
SRM (95% CI) –0.76 (–0.90, –0.56) –0.30 (–0.44, –0.16) –0.67 (–0.82, –0.51) –0.15 (–0.33, 0.06)

Auto HRC –67 � 136 –30 � 93 –88 � 166 –5 � 103
95% CI –86, –47 –43, –17 –121, –56 –25, 15
SRM (95% CI) –0.49 (–0.65, –0.34) –0.33 (–0.44, –0.19) –0.53 (–0.71, –0.35) –0.05 (–0.23, 0.15)

Auto ROA + HRC –102 � 145 –22 � 83 –126 � 181 2 � 82
95% CI –123, –82 –34, –11 –162, –90 –14, 18
SRM (95% CI) –0.71 (–0.85, –0.53) –0.27 (–0.41, –0.14) –0.70 (–0.84, –0.53) 0.02 (–0.17, 0.22)

* Values are the mean � SD unless indicated otherwise. Data shown for combined radiographic joint space width and pain (JSW + pain) pro-
gressors, non-progressors, radiographic JSW but not pain progressors (JSW progressors only), and pain but not JSW progressors (pain progres-
sors only). Analyzed by expert manual segmentation, by an automated algorithm trained on a radiographic osteoarthritis knee sample (auto
ROA), a healthy reference cohort (auto HRC) sample, and by a combined (auto ROA + HRC) sample. 95% CI = 95% confidence interval;
cMF = medial weight-bearing femoral condyle; MT = medial tibia; SRM = standardized response mean.
† ROA + HRC: 101 knees in the JSW progression only group.
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Furthermore, we determined the number (proportion) of individ-
ual progressors in both cohorts, defined by published thresh-
olds from OAI pilot study test–retest analyses (14).

RESULTS

From the 600 FNIH Consortium knees, automated computa-
tion was successful for 597: 192 (of 194) progressor, 200 (of 200)
non-progressor, 103 (of 103) partial JSW progressor, and
102 (of 103) partial pain progressor knees, of which 1 also did
not have manual expert segmentation due to insufficient image
quality. The computation time for the automated segmentation,

postprocessing, and morphometric analysis was <1 minute per
visit. Table 1 lists the demographic characteristics and baseline
cartilage thickness values of the analyzed set, obtained from
expert manual segmentation, radiographic OA model segmenta-
tion, and HRC model segmentation, respectively. The automated
algorithms somewhat overestimated the baseline cartilage thick-
ness in the MFTC and lateral femorotibial compartment (LFTC)
(Table 1).

The mean � SD MFTC cartilage loss in the progressor
cohort was –181 � 245 μm by manual expert segmentation
(SRM –0.74), –144 � 200 μm by radiographic OA–based model
segmentation (SRM –0.72), and –69 � 231 μm by HRC-based

Table 3. Cartilage thickness loss over 24 months in the lateral femorotibial compartment (LFTC) in the 4 Foundation for the National Institutes of
Health cohorts*

JSW + pain
progression

Non-
progression

JSW progression
only

Pain progression
only

LFTC, μm
Expert manual –16 � 124 –21 � 113 –18 � 111 –12 � 95
95% CI –34, 1 –37, –5 –40, 4 –30, 7
SRM (95% CI) –0.13 (–0.26, 0.02) –0.19 (–0.32, –0.04) –0.16 (–0.40, 0.04) –0.12 (–0.33, 0.07)

Auto ROA –60 � 175 –71 � 176 –51 � 188 –44 � 135
95% CI –85, –35 –96, –47 –88, –15 –71, –18
SRM (95% CI) –0.34 (–0.47, –0.20) –0.41 (–0.51, –0.28) –0.27 (–0.45, –0.06) –0.33 (–0.50, –0.12)

Auto HRC –73 � 209 –73 � 202 –72 � 201 –52 � 168
95% CI –103, –43 –102, –45 –111, –32 –85, –19
SRM (95% CI) –0.35 (–0.44, –0.25) –0.36 (–0.48, –0.23) –0.36 (–0.51, –0.18) –0.31 (–0.48, –0.08)

Auto ROA + HRC† –47 � 152 –45 � 130 –39 � 149 –27 � 100
95% CI –68, –25 –63, –27 –69, –10 –47, –7
SRM (95% CI) –0.31 (–0.42, –0.19) –0.35 (–0.47, –0.23) –0.26 (–0.43, –0.06) –0.27 (–0.49, –0.06)

LT, μm
Expert manual –26 � 61 –26 � 63 –24 � 65 –18 � 57
95% CI –34, –17 –34, –17 –36, –11 –29, –6
SRM (95% CI) –0.42 (–0.56, –0.26) –0.41 (–0.54, –0.27) –0.36 (–0.59, –0.13) –0.31 (–0.50, –0.12)

Auto ROA –43 � 96 –48 � 108 –33 � 104 –37 � 74
95% CI –57, –30 –63, –33 –54, –13 –51, –22
SRM (95% CI) –0.45 (–0.57, –0.33) –0.44 (–0.55, –0.33) –0.32 (–0.48, –0.10) –0.50 (–0.68, –0.32)

Auto HRC –37 � 104 –39 � 100 –30 � 92 –31 � 104
95% CI –52, –22 –53, –25 –48, –12 –51, –10
SRM (95% CI) –0.35 (–0.45, –0.23) –0.39 (–0.51, –0.26) –0.33 (–0.51, –0.12) –0.30 (–0.47, –0.03)

Auto ROA + HRC† –33 � 81 –30 � 75 –28 � 72 –23 � 55
95% CI –44, –21 –41, –20 –43, –14 –34, –12
SRM (95% CI) –0.40 (–0.51, –0.28) –0.40 (–0.53, –0.26) –0.39 (–0.59, –0.19) –0.42 (–0.62, –0.23)

cLF, μm
Expert manual 9 � 84 4 � 74 6 � 70 6 � 59
95% CI –3, 21 –6, 15 –8, 19 –6, 17
SRM (95% CI) 0.11 (–0.03, 0.27) 0.06 (–0.08, 0.20) 0.08 (–0.12, 0.27) 0.10 (–0.11, 0.29)

Auto ROA –16 � 101 –24 � 95 –18 � 106 –8 � 77
95% CI –31, –2 –37, –10 –38, 3 –23, 8
SRM (95% CI) –0.16 (–0.30, –0.01) –0.25 (–0.37, –0.11) –0.17 (–0.37, 0.02) –0.10 (–0.29, 0.11)

Auto HRC –36 � 124 –35 � 117 –41 � 134 –21 � 82
95% CI –54, –19 –51, –18 –67, –15 –37, –5
SRM (95% CI) –0.29 (–0.41, –0.18) –0.30 (–0.40, –0.18) –0.31 (–0.46, –0.14) –0.26 (–0.43, –0.06)

Auto ROA + HRC† –14 � 94 –15 � 81 –11 � 100 –4 � 65
95% CI –28, –1 –26, –4 –31, 9 –17, 9
SRM (95% CI) –0.15 (–0.28, –0.02) –0.18 (–0.31, –0.05) –0.11 (–0.29, 0.09) –0.06 (–0.25, 0.15)

* Values are the mean � SD unless indicated otherwise. Data shown for combined radiographic joint space width and pain (JSW + pain) pro-
gressors, non-progressors, radiographic JSW but not pain progressors (JSW progressors only), and pain but not JSW progressors (pain progres-
sors only). Analyzed by expert manual segmentation, by an automated algorithm trained on a radiographic osteoarthritis knee sample (auto
ROA), a healthy reference cohort (auto HRC) sample, and by a combined (auto ROA + HRC) sample. 95% CI = 95% confidence interval;
cLF = lateral weight-bearing femoral condyle; LT = lateral tibia; SRM = standardized response mean.
† ROA + HRC: 101 knees in the JSW progression only group.

AUTOMATED SEGMENTATION AND CARTILAGE LOSS 933



model segmentation (SRM –0.30) (Table 2). The SRMs in the non-
progressor cohort were –0.21, –0.27, and –0.33, respectively
(Table 2). Overall, the SRM was greatest for the medial femoral
condyles when applying the radiographic OA model algorithm
(–0.76) and was somewhat less for manual segmentation
(–0.72). The SRMs were less for the medial tibia (–0.40 for the
radiographic OA model and –0.56 for expert manual segmenta-
tion) than for the medial femoral condyles (Table 2). Interestingly,
the SRMs for the combined (radiographic OA plus HRC) model
revealed smaller sensitivity to change than for the radiographic
OA–based model but greater sensitivity than for the HRC-based
model (Table 2).

Cohen’s d for differences in rates of MFTC progression
between the progressor versus non-progressor cohort was
–0.85 (95% CI –1.05, –0.64; P < 0.001), for expert manual seg-
mentation, –0.68 (95% CI –0.88, –0.47; P < 0.001), for the radio-
graphic OA model, and –0.15 (95% CI –0.34, –0.05; P = 0.16),
for the HRC-model automated segmentation. For the medial fem-
oral condyles, these values were as follows: expert manual seg-
mentation –0.85 (95% CI –1.05, –0.64; P < 0.001); radiographic
OA model –0.71 (95% CI –0.91, –0.51; P < 0.001); and HRC-
model automated segmentation –0.32 (95% CI –0.52, –0.12;
P = 0.002); and for the medial tibia: expert manual segmentation
–0.55 (95% CI –0.75, –0.34; P < 0.001); radiographic OA model
–0.36 (95% CI –0.56, –0.16; P < 0.001); and HRC-model auto-
mated segmentation 0.09 (95% CI –0.11, 0.28; P = 0.41).
Results for the combined (radiographic OA plus HRC) model
revealed less discrimination compared with the radiographic
OA–based model but a larger effect size compared with the
HRC-based model algorithm (Table 2).

Application of test–retest thresholds identified 102 (53%)
MFTC progressors in the progressor cohort versus 41 (21%) in
the non-progressor cohort using expert manual segmentation,
and 102 (53%) versus 45 (23%), respectively, using the radio-
graphic OA model algorithm. Of the 102 progressor knees identi-
fied by expert manual segmentation, 78 (76%) were also detected
using the radiographic OA model algorithm.

Observations in the MFTC in the partial JSW progressor
cohort were consistent with those made in the progressor cohort,
whereas those made in the partial pain progressor cohort were
consistent with those made in the non-progressor cohort
(Table 2). Results for the LFTC are shown in Table 3, with the
automated algorithms producing higher SRMs than manual seg-
mentation in all 4 cohorts. No relevant or statistically significant dif-
ferences in the rates of LFTC cartilage thickness loss were
observed between both cohorts using either expert manual or
automated segmentation methods.

DISCUSSION

The current study evaluated the performance of deep-
learning algorithms for the longitudinal measurement of articular

cartilage thickness in knee OA and the ability of automated seg-
mentation methodology to discriminate longitudinal rates of carti-
lage thickness loss between 2 cohorts with different progression
profiles. The sensitivity to change of MFTC cartilage thickness
measurements in the progressor cohort of the FNIH biomarker
study was similar for the automated radiographic OA model algo-
rithm when compared to expert manual segmentation, with 95%
CIs of the SRM completely overlapping, whereas it was consider-
ably less for an algorithm trained on HRC data, with the 95% CIs
of the SRMs not overlapping at all. The discrimination of the rates
of MFTC cartilage loss between progressor versus non-
progressor knees (Cohen’s d) was only slightly less for the auto-
mated algorithm of the radiographic OA model than for expert
manual segmentation due to relatively greater sensitivity to
change in the non-progressor cohort observed with the auto-
mated algorithm compared with manual expert segmentation. A
high proportion of individual progressor knees identified by expert
manual segmentation also was identified by automated segmen-
tation. No satisfactory discrimination between progressor versus
non-progressor knees was observed for the algorithm trained on
HRC data. Furthermore, the discrimination was less for a com-
bined model trained on both radiographic OA and HRC data
together than for the one trained on radiographic OA knees alone.

Only 2 knees in the FNIH biomarker sample (0.3%) that had
expert manual segmentation could not be successfully analyzed
using the automated algorithm; one with extensive osteophytes,
and one in which automated segmentation included portions of
non-cartilage tissue that precluded successful thickness compu-
tation. This is encouraging, as the FNIH biomarker sample dis-
played a similar distribution of radiographic knee OA as do
clinical trials that test the efficacy of DMOADs (2–4). Dice similarity
coefficients and other (cross-sectional) performance metrics for
the algorithm used have been reported previously (9).

A limitation of the current study is that the results are specific
to the sagittal DESS MRI sequences, whereas clinical trials often
rely on spoiled gradient-recalled acquisition in the steady state
(SPGR), fast low-angle shoot (FLASH), and fast field echo (FFE)
MRI sequences. However, manual expert segmentation of the
coronal FLASH images was not available for the FNIH study, and
coronal FLASH MRIs are only available for right knees in the OAI
(11), whereas the FNIH biomarker study included a balanced mix
of left and right knees. Yet, future work should compare the differ-
ential sensitivity to change between different MRI protocols and
image orientations.

The strengths of the current study include the use of a radio-
graphic OA–based, HRC-based, as well as a combined model.
The results are interesting in that the larger (radiographic OA plus
HRC) model was less effective in detecting longitudinal change
than the radiographic OA model alone, suggesting that the spec-
ificity of the training set may be more important than its size.
Future work should explore whether training sets specific to K/L
grade or JSN perform better than a single model using various
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K/L and JSN grades. Another strength of the current study is that
the sensitivity to change of the automated algorithms was com-
pared with expert manual segmentation that had thorough expert
quality control in the relatively large FNIH biomarkers study, which
contained several cohorts with differential rates of progression,
and for which other biomarker results have been documented.

A recent study reported a sensitivity to change of –0.43
(SRM) over 2 years for medial femoral condyles in manual seg-
mentation and of –0.67 in fully automated segmentation relying
on a shape-based segmentation approach (15), whereas we
found an SRM of –0.76 for automated and –0.72 for manual seg-
mentation. Although these results cannot be directly compared
across different OAI samples, the previous study (15) did not
explore the performance of automated measurement technology
in differentiating subpopulations with different progression pro-
files. Given the limited space and references in this brief report,
semi- (rather than fully) automated approaches of cartilage seg-
mentation from MRI, as well as those including only local cartilage
measurements rather than the complete MFTC and/or LFTC, are
not included in this discussion, nor are the findings of studies that
have explored other (imaging) biomarkers than cartilage thickness
change in the FNIH Consortium.

In conclusion, we found that a fully automated segmentation
approach using deep learning not only displayed similar sensitivity
to change of longitudinal cartilage thickness loss in knee OA com-
pared with manual expert segmentation and expert quality control
but also effectively differentiated longitudinal rates of cartilage
thickness loss between cohorts with different progression pro-
files. These results are promising in that such automated mea-
surement technology can be scaled to large reading volumes in
clinical practice and in clinical trials testing the efficacy of DMOAD
therapy, where rates of progression of participants treated with
drugs versus placebo need to be tracked accurately.
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Incidence and Prevalence of Knee Osteoarthritis Using
Codified and Narrative Data From Electronic Health
Records: A Population-Based Study

Ilgin G. Arslan, Jurgen Damen, Marcel de Wilde, Jacoline J. van den Driest, Patrick J. E. Bindels,
Johan van der Lei, Dieuwke Schiphof, and Sita M. A. Bierma-Zeinstra

Objective. To determine the incidence and prevalence of knee osteoarthritis (OA) using codified and narrative data
from general practices throughout The Netherlands.

Methods. This retrospective cohort study was conducted using the Integrated Primary Care Information database.
Patients with codified knee OA were selected, and an algorithm was developed to identify patients with narratively
diagnosed knee OA only. Point prevalence proportions and incidence rates among people age ≥30 years were
assessed from 2008 to 2019. The association of comorbidities with codified knee OA was analyzed using multivariable
logistic regression.

Results. The positive predicted value of narratively diagnosed knee OA only was 94.0% (95% confidence interval
[95% CI] 87.4–100%) and for codified knee OA 96.0% (95% CI 90.6–100%). Including narrative data in addition to
codified data resulted in a prevalence 1.83–2.01 times higher (over the study years); prevalence increased from 5.8%
to 11.8% between 2008 and 2019. The incidence rate was 1.93–2.28 times higher and increased from 9.98 per 1,000
person-years to 13.8 per 1,000 person-years between 2008 and 2019. Among patients with codified knee OA, 39.4%
were previously diagnosed narratively with knee OA, on average ~3 years earlier. Comorbidities influenced the
likelihood of being recorded with codified knee OA.

Conclusion. Our study of a Dutch primary care database showed that current incidence and prevalence estimates
based on codified data alone from electronic health records are underestimated. Narrative data can be incorporated in
addition to codified data to identify knee OA patients more accurately.

INTRODUCTION

Osteoarthritis (OA) has been ranked as the tenth leading con-

tributor to global disability, with the knee as the most commonly

affected joint (1–3). Between 2007 and 2017, the years lived with

disability attributed to knee OA increased by 30.8%, which was a

large increase for noncommunicable diseases (4). The prevalence

is expected to increase significantly in the coming years due to the

increasing age and obesity population.
Population-based incidence and prevalence estimates and

predictions concerning the disease burden of knee OA are mostly

based on electronic health records (EHRs). EHRs consist of cod-

ified data (i.e., specific codes for specific diseases) and narrative

data (i.e., free-text notes by general practitioners [GPs] and

correspondence between GPs and other health care providers).

Current epidemiologic research on knee OA is largely limited to

codified data (5–9). However, diagnoses may not be codified by

the GP or updated after disease progression or a change in the

final diagnosis. Earlier research (10–12) suggested that patients

in general practice may present with multiple health problems,

and GPs may not be inclined to code for OA in circumstances

where other health problems appear more urgent during the con-

sultation, leading to under-recording of knee OA. In addition,

diagnoses may include misclassification of codes due to various

reasons, such as lack of time (13,14). These misclassifications

and under-recording of codes may have an impact on the accu-

racy of epidemiologic estimates of knee OA. Earlier research

showed significant under-recording of OA in primary care EHRs
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in the UK. One-fourth of the patients who underwent a total knee

or hip replacement did not have codified joint pain or a codified

OA diagnosis in the previous 10 years (12).
Including narrative data in addition to codified data can

help to provide more reliable estimations of the burden of knee
OA. Reliable estimates are needed for health policy makers in
order to respond to the increase in the demand for health care
relating to knee OA, but also to enable researchers and health
care providers to identify patients with knee OA more
accurately.

Therefore, the aim of this study was determine the incidence
and prevalence of knee OA using the complete EHR consisting of
both codified and narrative data from a large primary care data-
base from The Netherlands in the period 2008–2019. By combin-
ing narrative and codified data, this study aims to detect patients
with knee OA more accurately than the standard approach of
using codified data alone.

MATERIALS AND METHODS

Design and setting. A retrospective cohort study was
conducted using the Integrated Primary Care Information (IPCI)
database. A detailed description of the IPCI database has been
given elsewhere (15,16). In summary, the IPCI database is a
dynamic database and contains primary care EHRs for ~2.5 mil-
lion patients in The Netherlands. The EHRs contain detailed clini-
cal information in a medical journal documented using free-text
notes by the GP, diagnoses according to the International Classi-
fication of Primary Care (ICPC) codes, laboratory findings, drug
prescriptions, and referrals and correspondence with other health
care providers in primary and secondary care. In The
Netherlands, all citizens are obliged to register with a GP. GPs
are the first point of contact and act as a gatekeeper to secondary
care (17,18). We therefore assume that EHRs from the IPCI data-
base contain all relevant medical information, including medical
findings and diagnoses from secondary care. This study was
approved by the Board of Directors of the IPCI database.

Study cohort. Patients were included during each study
year from January 1, 2008, until December 31, 2019, if they were
age ≥30 years. To increase the reliability of the data, the first year
that a patient is included in the IPCI database was not included as
new medical information (i.e., this information was included as
part of medical history). Patients with a codified diagnosis of knee
OA were selected. The codified diagnosis of knee OA was based
on the ICPC code L90. In addition, an algorithm was developed
by the research group, which included GPs, to identify patients
with keywords referring to knee OA in narrative data (i.e., the free
text in their EHR) without any record of codified knee OA based
on the ICPC code L90. The algorithm included patients with an
ICPC code L15 (i.e., knee symptoms) plus keywords related to
OA or keywords related to knee plus OA without ICPC code
L15, for example ‘knee’ plus ‘osteoarthritis,’ ‘gonarthrosis,’ and
‘knee’ plus ‘prosthesis.’ Keywords combined with terms indicat-
ing negation (e.g., ‘not’ or ‘no’) were excluded, as were combina-
tions with relatives (e.g., ‘father has,’ ‘mother has’), patient’s
anxiety about a possible diagnosis of OA, and expressions of
uncertainties regarding the OA diagnosis by the GP or other
health care providers in primary care or secondary care
(e.g., ‘probably,’ ‘differential diagnoses’). A random sample of
100 patients identified by the algorithm was assessed by one
author (IGA) to check for terminology variations and misspellings
of keywords. Textual alternations were made after discussion with
all authors to improve the algorithm. Full details of the algorithm
are provided in Supplementary Table 1, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24861/abstract.

Validity of the algorithm. Two authors, IGA (a physical
therapist and researcher) and JD (an academic GP), indepen-
dently assessed the positive predictive value (PPV) of the algo-
rithm by reading the full EHRs of a random selection of
50 narratively diagnosed knee OA patients without any record of
codified knee OA. Patients were defined as true-positive when
there was supporting evidence that the GP, the health care pro-
vider in primary care (e.g., a physical therapist), or a health care
provider in secondary care (e.g., an orthopedist or radiologist)
reported a knee OA diagnosis in the free text of the EHR; this is
a commonly used reference standard to identify the PPV in EHRs
(10). Inconsistencies were resolved by consensus and, if neces-
sary, through discussion with a coauthor (DS, a senior researcher
who has wide experience with the IPCI database). To compare
the validity of the algorithm to that of codified knee OA, one author
(IGA) assessed the PPV of a random selection of 50 patients iden-
tified with codified knee OA (i.e., ICPC code L90) by reading the
full EHRs, with scrutiny by the coauthors (JD or DS) if necessary.
Similar to the PPV assessment for narratively diagnosed knee
OA, patients with codified knee OA were defined as true-positive
when there was supporting evidence that the GP or the health
care provider in primary care or in secondary care reported a knee

SIGNIFICANCE & INNOVATIONS
• This study, using a Dutch primary care database,

showed that current incidence and prevalence
estimates of knee osteoarthritis (OA) based on
codified data from electronic health records are
underestimated.

• The prevalence and incidence of knee OA are
approximately twice as high when adding narrative
data to codified data.

• Narrative data in addition to codified data can be
used to obtain more accurate incidence and preva-
lence estimates of knee OA by developing algo-
rithms containing keywords related to knee OA, as
applied in the current study.
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OA diagnosis in the free text of the EHR. PPVs were calculated as
the proportion of patients who were confirmed as having knee OA
based on the information reported in the EHR.

Outcomes. Point prevalence proportions and incidence
rates were presented for 2 independent groups: 1) patients with
a codified diagnosis of knee OA, and 2) patients with narratively
diagnosed knee OA without any record of codified knee OA in
their EHR according to the algorithm. The point prevalence pro-
portion was calculated for each year between 2008 and 2019 as
the total number of people ever diagnosed with knee OA as of
July 1 each calendar year, divided by the total number of patients
in the population as of July 1 of that calendar year, and multiplied
by 100. The entire retrospective record available for patients was
used to estimate the prevalence proportion. The annual incidence
rate was calculated for each year between 2008 and 2019 by the
number of new cases between January 1 and December 31 in
each calendar year, divided by the number of person-years at risk
between January 1 and December 31 each calendar year. The
at-risk period is the period that a patient was participating in the
IPCI database (i.e., from the moment of enrollment in the IPCI
database) and not recorded with a knee OA diagnosis until the
time of a knee OA diagnosis, death, changing practice, or the
end of participation in IPCI database. When estimating the inci-
dence rates, the entire retrospective record available for patients

was used to exclude prevalent knee OA. Thus, patients with a
diagnosis in their medical history (i.e., before enrollment in the IPCI
database) were defined as having prevalent knee OA. Patients
with a diagnosis before January 1, 2008, were also defined as
having prevalent knee OA. See Supplementary Table 2, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24861/abstract, for more information.
A codified knee OA diagnosis was defined as at least 1 diagnostic
code for knee OA (ICPC code L90). A narrative knee OA diagnosis
was defined as at least 1 narrative diagnosis according to our
algorithm. Incidence and prevalence estimates were calculated
stratified by sex. Detailed information regarding the study design
is illustrated in Figure 1.

To determine the effect of including narrative data in addition
to codified data, annual rate ratios between the point prevalence
proportions and incidence rates of codified knee OA and codified
plus narratively diagnosed knee OA were calculated. Further-
more, some of the patients identified with codified knee OA may
have been identified with knee OA at an earlier date based on nar-
rative data. We explored the proportion of patients with a narrative
knee OA diagnosis prior to a codified knee OA diagnosis. The
number of days between the first narrative knee OA diagnosis
and the first codified knee OA diagnosis was calculated.

Differences in descriptive characteristics between patients
with a codified knee OA diagnosis and patients with narratively

Figure 1. Details of the study design. The figure shows 4 examples of patients in the study cohort (patients A–D). The study period started
January 1, 2008, and ended December 31, 2019. The Integrated Primary Care Information (IPCI) database is an open cohort, meaning that
patients can also enter the database after the start of the study period and stop before the end of study period due to death or changing practice.
Patients were followed from the start of the study period (patients A and D) or from the moment they entered the IPCI database if this moment was
after January 1, 2008 (patients B and C). Patients were followed until the end of the study period (patients A, B, C, and D) or until the moment of
death or changing practice when this moment was before December 31, 2019. The entire retrospective record available for patients was used
to exclude prior knee osteoarthritis (OA) when estimating the incidence rates (patients A and C). A first knee OA diagnosis was defined as incident
when the first diagnosis was given within the study period and participation in the IPCI database (patient B). The entire retrospective record avail-
able for patients was used to estimate the prevalence proportions. Patients with a knee OA diagnosis before January 1, 2008, were defined as
having prevalence knee OA (patient A), as were patients with a first knee OA diagnosis before participation in the IPCI database (patient C).
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diagnosed knee OA were determined. Furthermore, as described
earlier, comorbidities in patients with OA may be a reason why
codified knee OA is under recorded. Among patients with preva-
lent knee OA (either codified or narratively diagnosed) during
the observation period (i.e., January 1, 2008 to December
31, 2019), we analyzed the association of concurrent comorbidi-
ties (i.e., occurring before the first knee OA diagnosis) with a cod-
ified knee OA diagnosis. Frequently occurring comorbidities in
patients with OA were selected based on an earlier systematic
review (19): 1) hypertension, hyperlipidemia, being overweight,
diabetes mellitus (i.e., disorders related to metabolic syndrome);
2) heart/vascular diseases and events (i.e., stroke/transient ische-
mic attack, peripheral arterial disease, and myocardial infarction/
angina pectoris); 3) asthma; 4) chronic obstructive pulmonary dis-
ease; 5) a small selection of OA related to joints other than the
knee (i.e., spinal OA and hip OA) (see Supplementary Table 3,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24861/abstract, for the
full list of ICPC codes). Analysis of the association of concurrent
comorbidities with codified knee OA was adjusted for age
and sex.

Statistical analysis. Binomial 95% confidence intervals
(95% CIs) were calculated for the PPV of the algorithm. Preva-
lence and incidence estimates were standardized for the chang-
ing annual age and sex structure of the Dutch population as
given by the StatLine database of Statistics Netherlands from
2008 to 2019 (20). Poisson distribution was used to provide
95% CIs for prevalence and incidence estimates. Descriptive
characteristics were reported as means � SDs, medians and
interquartile ranges (IQRs), and counts and percentages, as
appropriate. Multivariable logistic regression was performed to
determine the association of comorbidities with the codified diag-
nosis in patients with knee OA, adjusted for age and sex; the

results were expressed as odds ratios (ORs) including 95% CIs.
Prior to the multivariable regression analysis, a variance inflation
factor (VIF) was leveraged to detect the colinearity of comorbidi-
ties in the multivariable logistic regression analysis. A VIF of >5
was considered indicative of multicollinearity. Nonlinearity
between age and the logit of the outcome was observed using
the Box-Tidwell test and restricted cubic spline plot. A model with
linear splines with 4 knots at the 5th, 35th, 65th, and 95th percen-
tiles based on the recommendations of Harrell (21) showed the
best model fit based on Akaike’s information criterion and was
used as the final multivariable logistic regression model. The sig-
nificance level throughout was set at 2-tailed P values less than
0.05. Statistical analyses were performed using RStudio soft-
ware, version 4.0.2. The aggregated data are available on request
from the corresponding author.

RESULTS

Validity of the algorithm. The PPV of the algorithm
based on narrative data without a record of codified knee OA
was estimated to be 94.0% (95% CI 87.4–100%). Reasons for
the 3 false positives were physician typing errors (n = 1), patient’s
anxiety about a possible diagnosis of OA (n = 1), and expression
of uncertainty about the OA diagnosis (n = 1), which could not
be excluded by the algorithm (see Supplementary Table 1, avail-
able at http://onlinelibrary.wiley.com/doi/10.1002/acr.24861/
abstract, for more details). The PPV of codified knee OA
(i.e., ICPC code L90) was estimated to be 96.0% (95% CI
90.6–100%). Reasons for the 2 false-positives were expressions
of uncertainty about the OA diagnosis.

Trends in prevalence and incidence estimates.Of the
180,986 patients with knee OA included in the cohort, 94,969
were diagnosed with codified knee OA, and 86,017 with
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Figure 2. Prevalence of knee osteoarthritis (OA) based on codified data (A) and narrative data alone (B), and incidence of knee OA based on
codified data (C) and narrative data alone (D) for men (blue), women (red), and both (green).
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narratively diagnosed knee OA only without any record of codified
knee OA.

Prevalence proportions. The standardized prevalence of
codified knee OA increased from 2.88% (95% CI 2.87–2.89) in
2008 to 6.15% (95% CI 6.14–6.17) in 2019 (Figure 2A). The stan-
dardized prevalence of narratively diagnosed knee OA only with-
out any record of codified knee OA increased from 2.92% (95%
CI 2.91–2.93) in 2008 to 5.60% (95% CI 5.58–5.61) in 2019
(Figure 2B). The annual crude and standardized prevalence are
presented in Supplementary Table 4, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24861/abstract.

Incidence rates. The standardized incidence rate of codified
knee OA increased from 4.88 per 1,000 person-years (95% CI
4.84–4.93) in 2008 to 6.04 per 1,000 person-years (95% CI
6.00–6.09) in 2019 and peaked around the year 2013 with 6.60
per 1,000 person-years (95% CI 6.55–6.65) (Figure 2C). The
standardized incidence of narratively diagnosed knee OA only
without any record of codified knee OA increased consistently
over the years from 4.42 per 1,000 person-years (95% CI 4.38–
4.46) in 2008 to 6.21 per 1,000 person-years (95% CI 6.16–
6.26) in 2019 (Figure 2D). The annual crude and standardized
incidence rates are presented in Supplementary Table 4, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24861/abstract. Both the prevalence
and incidence rates were higher for women than for men at any
given time point (Figure 2 and Supplementary Table 5, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24861/abstract).

Effect of adding narrative data to codified data. Adding narra-
tive data to codified data resulted into a prevalence that was
1.83–2.01 times higher over the study period (Table 1). The stan-
dardized prevalence was 5.80% (95% CI 5.79–5.82) in 2008, and
it increased to 11.75 (95% CI 11.73–11.77) in 2019 (Figure 3).
The standardized incidence was 1.93 to 2.28 higher over the
study period when adding narrative data to codified data

(Table 1) and increased from 9.98 per 1,000 person-years (95%
CI 9.92–10.04) in 2008 to 13.78 per 1,000 person-years (95%
CI 13.71–13.84) in 2019 (Figure 4). Both the prevalence and inci-
dence rates were higher for women than for men at any given time
point (see Supplementary Table 6, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24861/abstract).

Narrative diagnosis prior to codified diagnosis. Among
patients identified with codified knee OA (n = 94,969), 39.4%
(n = 37,375) were diagnosed narratively with knee OA at an earlier
stage. This was ~3 years on average prior to the first codified
knee OA diagnosis (median number of days 1,111 [IQR
143–2,836]).

Characteristics associated with codified knee OA
diagnosis. The VIF of all independent variables was <1.20, indi-
cating that there is no collinearity between variables. Multivariable
analysis adjusted for age and sex showed that the presence of
hypertension, hyperlipidemia, diabetes mellitus, and especially
being overweight (OR 1.37 [95% CI 1.32–1.42]) prior to knee OA

Table 1. Prevalence and incidence of knee osteoarthritis based on codified data versus a combination of codified and
narrative data*

Year

Standardized point prevalence (95% CI)

RR

Standardized incidence (95% CI)

RRCodified data Codified + narrative data Codified data Codified + narrative data

2008 2.88 (2.87–2.89) 5.80 (5.79–5.82) 2.01 4.88 (4.84–4.93) 9.98 (9.92–10.04) 2.04
2009 3.14 (3.13–3.15) 6.18 (6.17–6.20) 1.97 5.32 (5.27–5.36) 10.61 (10.55–10.67) 1.99
2010 3.47 (3.46–3.48) 6.70 (6.68–6.71) 1.93 5.53 (5.49–5.58) 11.31 (11.24–11.37) 2.04
2011 3.81 (3.80–3.82) 7.26 (7.25–7.28) 1.90 6.17 (6.13–6.22) 11.95 (11.88–12.01) 1.93
2012 4.09 (4.07–4.10) 7.80 (7.79–7.82) 1.91 6.10 (6.05–6.14) 11.92 (11.86–11.99) 1.96
2013 4.43 (4.42–4.45) 8.17 (8.15–8.19) 1.84 6.60 (6.55–6.65) 12.57 (12.50–12.64) 1.90
2014 4.81 (4.80–4.83) 8.83 (8.81–8.85) 1.83 6.42 (6.37–6.47) 12.63 (12.57–12.70) 1.97
2015 5.14 (5.12–5.15) 9.38 (9.36–9.40) 1.83 5.84 (5.80–5.89) 12.24 (12.17–12.30) 2.09
2016 5.37 (5.36–5.38) 9.92 (9.90–9.94) 1.85 6.07 (6.02–6.11) 12.67 (12.60–12.74) 2.09
2017 5.68 (5.66–5.69) 10.58 (10.56–10.59) 1.86 5.89 (5.84–5.93) 12.89 (12.82–12.96) 2.19
2018 5.94 (5.92–5.95) 11.17 (11.15–11.19) 1.88 5.76 (5.72–5.80) 12.93 (12.86–12.99) 2.24
2019 6.15 (6.14–6.17) 11.75 (11.73–11.77) 1.91 6.04 (6.00–6.09) 13.78 (13.71–13.84) 2.28

* Standardized point prevalence proportions and incidence rates are standardized for age and sex distribution of the
total population from The Netherlands. 95% CI = 95% confidence interval; RR = rate ratio.
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Figure 3. Point prevalence of knee osteoarthritis (OA) based on
narrative data alone (green) in addition to codified data (blue). Among
patients identified with codified knee OA, 39.4% were diagnosed nar-
ratively with knee OA at an earlier stage, which was ~3 years prior to
the first codified knee OA diagnosis. These patients are not counted
in the prevalence proportions of the narrative data alone. Color figure
can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24861/abstract.
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diagnosis was associated with a greater likelihood of being
recorded with a codified knee OA diagnosis (Table 2). Further-
more, knee OA patients with hip OA or spinal OA prior to knee
OA diagnosis had a greater likelihood of being recorded with a
codified knee OA diagnosis (OR 1.15 [95% CI 1.10–1.19] and
OR 1.28 [95% CI 1.23–1.35], respectively).

DISCUSSION

This study investigated the incidence and prevalence of
knee OA using a combination of narrative and codified data in
The Netherlands. The point prevalence rate was 1.83–2.01
times higher (over the study years), and the incidence rate was
1.93–2.28 times higher when including narrative data in addition
to codified data. Approximately 40% of codified knee OA
patients had a previous record of narratively diagnosed
knee OA, with the narrative diagnosis being made on avera-
ge ~3 years earlier. This suggests that a substantial proportion

of patients that we identified with narratively diagnosed knee
OA alone without any record of codified knee OA might be diag-
nosed with codified knee OA in their EHR in the future. Comor-
bidities influenced the likelihood of a codified knee OA
diagnosis being recorded.

The Dutch National Institute for Public Health and the Envi-
ronment (RIVM) has predicted that the number of people with
knee OA in The Netherlands will rise by 41% in the period
2015–2040 (9). The RIVM estimated the prevalence of knee OA
based on ICPC code L90 in 2019 at 5.1% for women and
3.0% for men. These numbers were based on Nivel Primary
Care Registrations, which is an integrated primary care registra-
tion. However, the predicted prevalence is seriously underesti-
mated because it is based on codified data alone from EHRs.
Our study showed a 2-fold higher prevalence of knee OA when
including narrative data in addition to codified data; in 2019,
the prevalence of knee OA based on ICPC code L90 in the cur-
rent study was estimated at 4.5% for men and 7.7% for women,
but including narrative data to codified data showed a preva-
lence rate of 9.4% for men and 14.0% for women. To make ade-
quate preparations for the large increase in the prevalence of
knee OA that has been predicted, a complete picture of the cur-
rent and future impact of knee OA is needed. Therefore, health
care policy should be more aware that epidemiologic measures
of knee OA based on codified data are likely to be underesti-
mated. Incorporating narrative data in addition to codified data
can be used to obtain a more adequate picture of the burden
of knee OA. We also found that ~40% of codified knee OA
patients had a previous record of narratively diagnosed knee
OA on average ~3 years earlier. Capturing knee OA patients ear-
lier may help policymakers to plan and prioritize resources more
adequately to keep health care affordable.

In the current study, we found incidence and prevalence esti-
mates that were higher than the estimates from the RIVM
(i.e., prevalence in 2019, 4.5% for men and 7.7% for women in

Table 2. Characteristics associated with codified knee osteoarthritis (OA) diagnosis*

Characteristic
Codified knee OA

(n = 94,969)

Narratively diagnosed
knee OA alone
(n = 86,017)

Multivariable analysis
OR (95% CI)†

Age at knee OA diagnosis (i.e., first hit), mean � SD years 66.8 � 11.9 61.3 � 13.1 –

Men 32,971 (34.7) 35,217 (40.9) –

Hypertension 33,550 (35.3) 21,945 (25.5) 1.18 (1.15–1.21)
Hyperlipidemia 10,481 (11.0) 7,300 (8.49) 1.04 (1.01–1.08)
Overweight 8,470 (8.92) 5,914 (6.88) 1.37 (1.32–1.42)
Diabetes mellitus 13,182 (13.9) 8,539 (9.93) 1.12 (1.08–1.15)
Myocardial infarction/angina pectoris 9,583 (10.1) 6,013 (6.99) 1.09 (1.05–1.13)
Stroke/TIA 5,372 (5.66) 3,514 (4.09) 0.98 (0.93–1.02)
Peripheral arterial disease 1,535 (1.62) 1,021 (1.19) 1.00 (0.92–1.09)
COPD 5,224 (5.50) 3,512 (4.08) 1.04 (1.00–1.09)
Asthma 8,170 (8.60) 6,832 (7.94) 1.05 (1.01–1.09)
Hip OA 7,312 (7.70) 4,207 (4.89) 1.15 (1.10–1.19)
Spinal OA 5,466 (5.76) 2,976 (3.46) 1.28 (1.23–1.35)

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; COPD = chronic obstructive pulmonary
disease; OR = odds ratio; TIA = transient ischemic attack.
† Codified diagnosis versus narrative diagnosis, with adjustment for age and sex.
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Figure 4. Incidence of knee osteoarthritis (OA) based on narrative
data alone (green) in addition to codified data (blue). Among patients
identified with codified knee OA, 39.4% were diagnosed narratively
with knee OA at an earlier stage, which was ~3 years prior to the first
codified knee OA diagnosis. These patients are not counted in the
annual incidence rates of narrative data alone. Color figure can be
viewed in the online issue, which is available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24861/abstract.
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the current study versus 5.1% for women and 3.0% for men pub-
lished by the RIVM). We included patients age ≥30 years, while
estimates from the RIVM were based on all patients regardless
of their age. Without restriction on age, our analysis showed sim-
ilar estimates as those by the RIVM (i.e., crude prevalence in
2019, 3.0% for men and 4.4% for women in the current study).
Furthermore, our study showed that the incidence of narratively
diagnosed knee OA alone without any record of codified knee
OA increased consistently year by year, while this was less pro-
nounced in the incidence of codified knee OA. In contrast, Swain
et al (7) found a decline in the incidence of OA using primary care
EHR data from the UK. As shown in the current study, the authors
acknowledge that their results are open to misclassification bias
due to inconsistent recording. To minimize this bias, narrative
data in addition to codified data can be used to show the actual
trend in the incidence of OA. However, coding systems of diagno-
ses built into EHRs differ between countries and therefore may
require different applications of narrative data. It should also be
noted that the use of narrative fields may differ across countries
and systems and data protection may limit access to such data
fields. There may be other possible alternatives to identify under-
recorded knee OA patients, which may be more suitable in coun-
tries and systems other than the Dutch GP system, for example,
using algorithms that include process, referral, and intervention
codes.

The current study showed substantial under-recording of
codified knee OA; approximately one-half of the knee OA patients
did not have codified knee OA and were identified based on
narrative data alone. Yu et al (12) also found under-recording of
codified OA in primary care EHRs in the UK. They found that
one-fourth of patients with severe OA age 40 years who have
had total hip and knee replacements did not have codified joint
pain or a codified OA diagnosis in the previous 10 years. How-
ever, these results do not apply to the entire spectrum of OA
severity, as the average lifetime risk for knee replacement is
shown to be ~30% (22). Moreover, previous research (23)
showed that patients with less severe OA are less likely to have
a codified OA diagnosis. This suggests that patients with severe
knee OA are overrepresented in current epidemiologic research
that uses codified data alone. To our knowledge, this is the first
study that used both narrative and codified data, and it therefore
adds to the current body of knowledge on the incidence and
prevalence of knee OA across the entire spectrum of severity.

Similarly to a previous study (23), we found that a record of
codified knee OA was associated with being overweight. In
addition, our results showed that patients with a concurrent
record of hypertension, hyperlipidemia, diabetes mellitus, being
overweight, and OA in joints other than the knee were more
likely to be diagnosed with codified knee OA. It may be that
GPs are more prone to give a codified knee OA diagnosis to
patients who fit the risk factor profile of knee OA (metabolic syn-
drome). In contrast, other studies (10–12) suggested that

multimorbidity may cause GPs to give a lower priority to record-
ing codified knee OA. Our results do not support this hypothesis
for hypertension, hyperlipidemia, diabetes mellitus, being over-
weight, and OA in joints other than the knee.

A strength of the current study is the use of the IPCI data-
base, which contains a representative sample of the Dutch popu-
lation (15,16). A limitation of this study is that some patients
diagnosed with knee OA by physical therapists without a GP
referral were not captured within the IPCI database. Since 2006,
patients in The Netherlands can access physical therapy care
without a GP referral (24). Prevalence and incidence estimates of
knee OA might therefore be underestimated in this study. Also,
an important aspect to consider when interpreting our results is
that changes in the health care system of The Netherlands may
have influenced the time trend of the incidence of knee
OA. Examples that might have influenced the time trend are
GPs’ skills for using digital EHRs and changes in permission for
data exchange. In addition, to reduce the number of false-posi-
tives, we excluded keywords for knee OA combined with expres-
sions of uncertainty (e.g., ‘probably’ or ‘differential diagnoses’)
from the narrative data algorithm. The restrictiveness of this algo-
rithm may also have led to an underestimation of knee
OA. Furthermore, we were not able to request additional informa-
tion from the GPs to confirm the diagnosis of knee OA in EHRs,
which is considered to be the most robust validation method
(25). However, this method is subject to selection bias and a low
response rate, and it is expensive (25). Instead, we used a manual
review of the EHRs, which is more cost effective and a generally
accepted method (25). Finally, our findings are limited to primary
care EHR data from The Netherlands, and replication of the devel-
opment of such narrative data algorithms is needed when using
EHR data from countries other than The Netherlands.

Under-recording may also be present for OA in joints other
than the knee, such as hip OA (i.e., ICPC code L89), and future
research into this would be warranted. In The Netherlands, how-
ever, OA in other joints does not have specific codes in the EHR
data, and GPs use symptomatic codes instead of OA codes, for
example, the use of the ICPC code for hand symptoms
(i.e., ICPC code L12) in case of hand OA. Developing an algorithm
with narrative data in combination with such symptomatic codes
can be a solution for identifying patients with OA in joints without
an OA code.

In conclusion, the prevalence of knee OA was 1.83–2.01
times higher (over the study years) and the incidence 1.93–2.28
times higher when including narrative data in addition to codified
data. Comorbidities influenced the likelihood of being recorded
with codified knee OA. Our study of a Dutch primary care data-
base showed that current knowledge and predictions concern-
ing the epidemiology of knee OA based on codified data alone
in EHRs from primary care seriously underestimate its preva-
lence and incidence. Policy makers should be more aware of
the underestimated epidemiologic measures of knee OA when
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using codified data alone. For a more adequate picture of the
current and future impact of knee OA, narrative data in addition
to codified data can be used to identify patients with knee OA
more accurately.
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Economic Evaluation of the Dr. Bart Application
in Individuals With Knee and/or Hip Osteoarthritis

Tim Pelle,1 Karen Bevers,2 Frank van den Hoogen,1 Job van der Palen,3 and Cornelia van den Ende1

Objective. To evaluate the cost-utility and cost-effectiveness of the dr. Bart app compared to usual care in people
with osteoarthritis (OA) of the knees and hips, applying a health care payer perspective.

Methods. This economic evaluation was conducted alongside a 6-month randomized controlled trial that included
427 participants. The dr. Bart app is a stand-alone eHealth application that invites users to select pre-formulated goals
(i.e., “tiny habits”) and triggers for a healthier lifestyle. Self-reported outcome measures were health care costs, quality-
adjusted life years (QALYs) according to the EuroQol 5-dimension 3-level (EQ-5D-3L) descriptive system, the EuroQol
visual analog scale (QALY VAS), patient activation measure 13 (PAM-13), and 5 subscales of the Knee Injury and Oste-
oarthritis Outcome Score/Hip Disability and Osteoarthritis Outcome Score. Missing data were multiply imputed, and
bootstrapping was used to estimate statistical uncertainty.

Results. The mean � SD age of the study participants was 62.1 � 7.3 years, and the majority of participants were
female (72%). Health care costs were lower in the intervention group compared to the group who received usual care
(€−22 [95% confidence interval €−36, −3]). For QALY and QALY VAS, the probability of the dr. Bart app being cost-
effective compared to usual care was 0.71 and 0.67, respectively, at a willingness-to-pay (WTP) of €10,000 and 0.64
and 0.56, respectively, at a WTP of €80.000. For self-management behavior, symptoms, pain, and activities of daily liv-
ing, the probability that the dr. Bart app was cost-effective was >0.82, and the probability that the dr. Bart app was
cost-effective in the areas of activities and quality of life was <0.40, regardless of WTP thresholds.

Conclusion. This economic evaluation showed that costs were lower for the dr. Bart app group compared to the
group who received usual care. Given the noninvasive nature of the intervention and the moderate probability of it
being cost-effective for the majority of outcomes, the dr. Bart app has the potential to serve as a tool to provide educa-
tion and goal setting in OA and its treatment options.

INTRODUCTION

Osteoarthritis (OA) is a chronic disease mainly affecting the

knees and hips, resulting in pain, stiffness, and functional disability

(1,2). Apart from this health burden, the financial annual burden of

OA was 1.4% of the total health care expenditure in The

Netherlands in 2017 (€1.2 billion). Costs attributable to OA among

patients in secondary care (i.e., orthopedic surgeon, rheumatolo-

gist, or physician assistant) are 8.6 times higher (€629 million

versus €73 million) than costs spent in primary care (e.g., general

practitioner or physical therapist) (3). Due to an aging population

and an increase in obesity rates, it is expected that the (economic)

burden of OA will increase dramatically in the near future (1,4).
First-choice nonsurgical treatments for knee/hip OA com-

prise education, lifestyle advice, and healthy behaviors (5,6).

Since OA is a chronic disease, a key element in nonsurgical dis-

ease management is self-management (7,8). Compared to usual

care, traditional self-management programs show small benefits
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on self-management skills, pain, function, and symptoms (9).

In The Netherlands, conservative treatment modalities (i.e., infor-

mation, analgesics, physical therapy, and weight management)

are coordinated in primary care, in which the general practitioner

functions as a gatekeeper for OA patients. In the event that these

conservative treatments fail, patients are referred to secondary

care (10). Despite recommendations about the content of nonsur-

gical treatment options in OA, quality of care is suboptimal in

various European countries, including The Netherlands; lack of

time results in underutilization of nonsurgical treatment options

and unnecessary referrals to secondary health care for people

with knee/hip OA (11).
Due to the considerable costs related toOA, there is a need for

cost-effective interventions in the treatment of people with knee/hip
OA. Electronic health (eHealth) technologies (e.g., applications,
more commonly known as “apps”) offer the possibility to provide
self-management 24/7 at lower costs compared to traditional inter-
ventions. Electronic health interventions can be divided in blended
interventions that combine face-to-face consultations with eHealth
and in eHealth applications without therapeutic guidance. By using
interventions without therapeutic guidance, the burden of OA on
health care would be lessened not only for providers, but for
patients as well as patients do not need to travel and can apply
such interventions at their own pace (12). By providing education
and self-management interventions without therapeutic guidance,
eHealth interventions can provide high-reach, low-cost, accessible,
and scalable solutions with scarce resources. Despite the high
potential of these apps, the majority of apps have not proven their
efficacy and cost-effectiveness in trials with people who have OA
(13). Within mental health care and cardiac rehabilitation, blended
interventions have been found to be cost-effective (14,15), whereas
one study on people with knee/hip OA showed that a blended
intervention was not cost-effective compared to usual physiother-
apy (16). Conversely, previous reviews have shown that eHealth
interventions have the potential to reduce treatment costs in mus-
culoskeletal conditions (17,18). However, high-quality evidence is
lacking when it comes to economic evaluations of stand-alone
electronic apps being implemented without therapeutic guidance
for people with knee/hip OA.

Given the huge potential of eHealth technologies, we devel-
oped the dr. Bart app to enhance self-management in people with

knee/hip OA. The dr. Bart app is based on the Fogg model for
behavioral change, augmented with reminders, rewards, and
self-monitoring to reinforce app engagement (19). We hypothe-
sized that use of the dr. Bart app would result in better self-
management (and thus reduction of secondary health care
consumption) and improvement in pain and functioning. How-
ever, in our assessment of the dr. Bart app, we did not find
changes in health care utilization over 6 months between the con-
trol group and intervention group. Instead, the dr. Bart app had
small but positive effects on pain, symptoms, and activities of
daily living in people with knee/hip OA (20). Given how scarce
health resources are for this area of medicine and the growing
economic burden of OA as a consequence of the rising preva-
lence of this disease, as well as the fact that prior studies did not
assess joint uncertainty around cost and effects, it is important
to conduct an economic evaluation together with this trial. More-
over, to be implemented on a larger scale, insight into the cost-
effectiveness of this eHealth app is warranted. Therefore, the
present study describes, from a health care payer perspective,
the incremental cost-utility and cost-effectiveness analyses of
the dr. Bart application compared to usual care in people with
knee/hip OA over a period of 6 months.

PATIENTS AND METHODS

Design overview. We conducted the present economic
evaluation together with a randomized controlled trial evaluating
the effectiveness of the dr. Bart app on health care use and clinical
outcomes over 6 months, which was carried out at Sint Maar-
tenskliniek Nijmegen, The Netherlands, between January 2018
to January 2019 (19,20). This economic evaluation was based
on the general principles of cost-utility analysis and cost-
effectiveness analysis, from a health care payer perspective, and
compared the use of a fully automated eHealth app to usual care.
Details on the trial design and the development of the dr. Bart app
have been published previously (19). Ethical approval for the
present study was requested and then waived by the local
Medical Research Ethics Committee at the Radboud University
Medical Centre, Nijmegen (CMO Arnhem-Nijmegen; protocol
no. 2017-3625). The present study has been reported according
to the Consolidated Health Economic Evaluation Reporting
Standards statement (21).

Study participants. Participants were recruited via news-
papers and campaigns on social media (e.g., Facebook and
LinkedIn). Potential participants were invited to visit the website
at www.drbart.eu to see if they were eligible for study enrollment.
Participants were included if they met the following criteria: 1) self-
reported OA of the knee and/or hip (i.e., experiencing pain in
the knees and/or hips for >15 days in the past month, morning
stiffness of <30 minutes in 1 or both knees, and/or morning stiff-
ness of <60 minutes in 1 or both hips; 2) age ≥50 years; 3) having

SIGNIFICANCE & INNOVATIONS
• This is the first study that performed an economic

evaluation of a stand-alone electronic self-
management tool for people with osteoarthritis
(OA) of the knees and hips.

• The present economic evaluation shows, from a
health care payer perspective, that an electronic
self-management tool for knee/hip OA has moder-
ate probabilities of being a cost-effective method.
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an email address; 4) possession of smartphone or tablet and will-
ingness to download the dr. Bart app on ≥1 devices; and 5) ability
to read, write, and sufficiently communicate in Dutch.

Participants were excluded from study participation if they
required a wheelchair, had a diagnosis of another inflammatory
rheumatic disease or diseases, had undergone knee and/or hip
replacement surgery, and if they had been scheduled for knee
and/or hip joint arthroplasty in the subsequent 6 months (19).

Participants who fulfilled a baseline assessment were allo-
cated to either the intervention group (dr. Bart app) or control
group (usual care) at a 1:1 ratio performed with CastorEDC by a
researcher (TP). Further details regarding the study population
can be found in our previous work (19,20).

Ethical approval and consent to participate. Ethical
approval for this study was requested by the local Medical
Research Ethics Committee at Radboud University Medical Cen-
tre, Nijmegen, The Netherlands (protocol no. 2017-3625). The
Committee concluded that the study fell outside the remit of the
law for Medical Research Involving Human Subjects Act. All par-
ticipants provided digital consent to participate in the present
study.

Intervention group (dr. Bart app). We developed the
dr. Bart app to enhance self-management and to actively involve
people with OA in managing their disease. Participants allocated
to the intervention group received an email with information to
access the dr. Bart app. The dr. Bart app is a fully automated
eHealth app, and its main function is to set goals for a healthier
lifestyle based on the Fogg model for behavioral change (22).
The dr. Bart app is augmented with reminders, rewards, and
self-monitoring to reinforce app engagement and health behavior.
The dr. Bart app proposes goals for a healthier lifestyle on the
basis of machine learning techniques that use data collected from
the personal profile and previous choosing behavior of the user.
Further details regarding the applied theoretical framework and
development of the dr. Bart app have been published previ-
ously (19).

Control group (usual care). Half of the study participants
were allocated to the usual care group and received no active
treatment. Participants allocated to the control group received
an email that they were assigned to the control group. After com-
pleting the last follow-up questionnaire, participants in the control
group were also offered the dr. Bart app.

Outcome and utility measures. Study participants were
assessed at baseline, 3 months, and 6 months, and demographic
data were collected at baseline. We measured health-related
quality with the EuroQol 5-dimension 3-level (EQ-5D-3L) descrip-
tive system (23). The questionnaire differentiates between
245 health states (23). These health states were converted into

utility units by using Dutch tariffs (24). We calculated utility scores
on a scale anchored at 0 (“The worst health you can imagine”)
to 1 (“The best health you can imagine”). Moreover, the EuroQol
visual analog scale (VAS) was used to indicate health-related
quality of life on a vertical line ranging from 0 (“The worst health
you can imagine”) to 100 (“The best health you can imagine”).
We transformed the VAS score into a utility score using the follow-
ing formula (25): transformed VAS = (1 – [1− VAS/100])1.61.
Quality-adjusted life years (QALYs) for each participant were
determined with the trapezoid method (26).

Clinical outcome measures. Knowledge, skills, and
confidence to cope with one’s health were assessed with the
patient activation measure 13 (PAM-13) questionnaire (27,28).
We used the Knee Injury and Osteoarthritis Outcome Score
(KOOS) or Hip Disability and Osteoarthritis Outcome Score
(HOOS) where applicable to assess pain, symptoms, activities of
daily living, quality of life, and physical functioning in sport
and recreation on a 0–100 scale, with higher scores indicating
fewer symptoms (29,30).

Cost outcome measures. Costs included health care
costs related to knee/hip OA during the study. We opted for a
health care perspective as we assumed that health care cost
would be the main cost drivers in the current study. Self-assessed
direct medical costs were assessed at baseline and at 3 months
and 6 months during follow-up.

Health care costs. Participants received online cost ques-
tionnaires at baseline, 3 months, and 6 months during follow-up.
Health care costs included in the current study were those related
to knee/hip OA health care resource utilization during a 6-month
study period (assessed with a 3-month recall period). Resources
comprised the number of consultations with all relevant health
care providers (Supplementary Table 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24608). We assessed the number of consultations
with a rheumatologist, orthopedic surgeon, or physician assistant
completed in secondary care. Moreover, we assessed the costs
of outpatient care days, hospitalization, and surgery in secondary
care. For primary care, we assessed the number of consultations
with a general practitioner, physical therapist, occupational thera-
pist, exercise therapist, and dietician. The value of health care uti-
lization was measured in Dutch standard cost prices of 2014 (31),
converted to 2018 price levels using the Dutch price index rate
(i.e., 1.041) (31,32). To determine health care costs, we multiplied
the number of visits with the accompanying price per resource.
To estimate costs of knee/hip OA–related surgery, we obtained
pricing of surgical operations from the Dutch Health Authority
(www.nza.nl). For intervention costs, we did not take develop-
ment costs of the eHealth intervention into account in this eco-
nomic evaluation.
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Statistical analysis. All statistical analyses were per-
formed using Stata 13.1 (www.stata.com). Statistical analyses
were performed according to the intention-to-treat principle.
Descriptive statistics were used to present group characteris-
tics. Missing data were managed according to the recommen-
dations of the specific questionnaire. For the PAM, we also
calculated a total score when a maximum of 2 items on the
questionnaire were missing, although the PAM recommends
to only calculate a total score if not a single item is missing on
its questionnaire. For this, we calculated the mean score of
the answered questions in the PAM questionnaire and multi-
plied this by 13.

Multiple imputation by changed equation was used to esti-
mate missing cost and utility data. A total of 20 imputed data sets
were predicted based on available data. The imputation model
included variables related to the outcomes and all available cost
and effect measure values at baseline and during follow-up. For
the cost-utility analysis, we drew bootstrap samples from each
of the multiply imputed data sets and estimated the difference in
net benefit between the treatment groups in each bootstrap sam-
ple, given a willingness-to-pay (WTP) threshold per QALY. The
proportion of bootstrap samples in which the net benefit is posi-
tive represents the probability that the treatment is cost-effective
for each multiply imputed data set. This probability is then

Figure 1. Flow chart of the study.
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averaged across all multiply imputed data sets (33). Multiple
imputed data sets were analyzed using Rubin’s rules for combin-
ing multiply imputed data sets (Stata command: “mi esti-
mate”) (34).

We used longitudinal linear mixed-effects models with random
intercept but without random slopes to evaluate the effectiveness
of the dr. Bart app on clinical outcomes, with adjustment
for values at baseline. Our primary analysis focused on the
costs and effects over 6 months of follow-up. Differences in mean
fitted predicted values were used to indicate group differences.

For the cost-utility and cost-effectiveness analyses, we
reported the incremental net monetary benefit (iNMB) because
this measure is easier to interpret than the incremental cost-
effectiveness ratio when differences are small and around 0. The
iNMB was calculated with the following formula: iNMB = WTP ×
(incremental effect) − incremental costs (35). Uncertainty (95%
confidence interval [95% CI]) around costs and effects were esti-
mated by percentile bootstrap intervals with 2,500 replications.
Bootstrapped incremental cost-effect pairs were plotted on
cost-effectiveness planes (36). Moreover, we plotted cost-
effectiveness acceptability curves to indicate the probability of
the dr. Bart app being cost-effective compared to usual care at
different WTP values (€0 to €80,000) (37). Results presented in
tables and figures are based on a society’s willingness to pay
€10,000.

Sensitivity analyses.We performed 2 sensitivity analyses.
First, we performed a per-protocol analysis, excluding 1 partici-
pant from the control group (protocol violator), whereas in the
intervention group, 63 participants were considered nonadherent
to the dr. Bart app (i.e., individuals who did not choose at least
1 goal within the app) and were therefore excluded. For the sec-
ond sensitivity analysis, we imputed missing data on health care
utilization with a 0 when a study participant was not lost to
follow-up, and we also imputed missing utility measures accord-
ing to the last observation carried forward principle. Data sets
used and/or analyzed in the present study are available from the
corresponding author upon reasonable request.

RESULTS

Study participants. In total, 427 participants were included
in this economic evaluation, with 214 allocated to the intervention
with dr. Bart app group and 213 allocated to the usual care group
(Figure 1). Baseline characteristics were similar for both groups,
with an overall mean � SD age of 62.1 � 7.3 years, a majority of
female participants (71.7%), and the presence of symptoms pre-
dominantly in the knees (73.3%). Almost 60% of participants had
experienced OA symptoms for <5 years (Table 1). The response
rates for the follow-up questionnaires were 75.4% (n = 150 in the
intervention group and n = 172 in the control group) and 69.3%

(n = 130 in the intervention group and n = 166 in the control group)
at 3 and 6 months, respectively.

Utility measures in the economic evaluation. We
found no differences in utility measures between the usual care
group and the dr. Bart app group (mean group difference QALY
of 0.00 (95% CI −0.00, 0.01) and QALY VAS of −0.00 (95% CI
−0.00, 0.00) (Table 2).

Effects and health care costs. Except for self-
management behavior, no significant differences were seen in
clinical outcomes after 6 months between the dr. Bart app group
and the usual care group after bootstrapping with 2,500 replica-
tions (Table 3). The estimated mean � SE health care costs dur-
ing follow-up were €503 � €79 and €462 � €80 for the control
group and dr. Bart app group, respectively (Table 2). Over a
period of 6 months, the estimated difference between groups
was lower for the dr. Bart app group (€−22 [95% CI €−36, €−3]).

Cost-utility analysis. The primary economic evaluation of
the present study was the cost-utility analysis that compared the
differences between the dr. Bart app group and the control group
in health care costs to the difference in QALY and QALY VAS,
obtained with the EQ-5D-3L. Since both costs and QALYs were
favorable for the dr. Bart app group (i.e., intervention with the
dr. Bart app dominates the control group), the iNMB was also in
favor of the dr. Bart intervention, regardless of society’s WTP
threshold (Table 3 and Figure 2). We found an iNMB of €53
(95% CI €11, €94) at a WTP threshold of €10,000. Accordingly,
the cost-effectiveness acceptability curve (CEAC) for QALYs

Table 1. Baseline characteristics of 427 total study participants in
the dr. Bart app intervention group and the control group*

Characteristic

Intervention
group

(n = 214)

Control
group

(n = 213)

Age, mean � SD years 62.1 � 7.7 62.1 � 7.0
Female sex 147 (68.7) 159 (74.7)
Bodymass index, mean � SD kg/m2 27.8 � 5.1 27.3 � 4.8
Level of education ≤12 years 56 (28.0) 36 (18.6)
Main osteoarthritis of the knee 157 (73.4) 156 (73.2)
Duration of symptoms
<5 years 129 (60.3) 117 (54.9)
≥5–10 years 85 (39.7) 96 (45.1)

Self-management behavior 40.8 (5.3) 40.2 (5.7)
Symptoms 57.7 (16.3) 57.0 (18.9)
Pain 57.5 (15.5) 58.2 (17.8)
Activities of daily living 58.5 (19.7) 59.4 (20.2)
Activities 32.6 (23.9) 32.5 (23.1)
Quality of life 38.0 (17.5) 38.3 (17.1)

* Except where indicated, values are the no. (%) of patients. The fol-
lowing characteristics were assessed with either the Knee Injury and
Osteoarthritis Outcome Score or the Hip Disability and Osteoarthri-
tis Outcome Score: symptoms, pain, activities of daily living, activi-
ties, and quality of life.
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showed probabilities of 0.71 and 0.64 for the dr. Bart app inter-
vention being cost-effective at WTP thresholds of €10,000 and
€80,000, respectively.

For QALY VAS, we found an iNMB of €29 (€−2, €60).
At a WTP threshold of €10,000, we found a 0.67 probability
of the dr. Bart app being cost-effective (Table 3 and Sup-
plementary Figure 1, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.
24608). At higher WTP thresholds, this probability decreased.
The net benefit between groups did not reach statistical
significance.

Cost-effectiveness analysis. Since both costs and self-
management behavior were in favor of the dr. Bart app group,
the iNMBs were also in favor of the dr. Bart app intervention,
regardless of society’s WTP thresholds (Table 3 and Supple-
mentary Figure 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24608).
The CEAC showed a 0.99 probability of the dr. Bart app being
cost-effective, irrespective of society’s WTP threshold.

For symptoms, pain, and activities of daily living, we found
iNMBS of €20,000–€30,000 at a WTP of €10,000, with none
reaching statistical significance (Table 3 and Supplementary

Table 3. Differences in predicted mean costs and effects between the dr. Bart app group and control group*

Outcome
ΔC ∞,

€
ΔE ∞,
points

iNMB ∞,
WTP threshold €10,000

iNMB ∞,
WTP threshold €80,000

Cost-effectiveness
distribution plane, %†

SE NE SW NW

QALY, 0–1 −22
(−36, −3)

0.00
(−0.00, 0.01)

53
(11, 94)

274
(−25, 573)

62.5 0.3 36.2 1.0

QALY VAS, 0–1 −22
(−36, −3)

0.00
(−0.00, 0.00)

29
(−2, 60)

79
(−131, 292)

54.1 0.6 44.6 0.7

PAM −22
(−36, −3)

1.2
(0.3, 2.2)

12,468
(3,115, 22,195)

99,593
(24,826, 177,381)

98.0 1.4 0.6 0.0

Symptoms −22
(−36, −3)

2.6
(−0.8, 5.8)

25,856
(−8,001, 58,342)

206,695
(−64,204, 466,589)

92.1 1.1 6.6 0.2

Pain −22
(−36, −3)

3.0
(−0.2, 6.1)

30,422
(−2,008, 60,726)

243,225
(−16,217, 485,562)

95.6 1.3 3.0 0.1

ADL −22
(−36, −3)

1.9
(−2.3, 6.1)

19,017
(−22,782, 61,215)

151,984
(−182,503, 489,496)

80.8 0.8 17.8 0.5

Activities −22
(−36, −3)

−0.7
(−5.1; 3.8)

–7,343
(−50,573, 37,943)

−58,899
(−404,788, 303,379)

36.4 0.2 62.2 1.2

QoL −22
(−36, −3)

−0.7
(−4.8; 3.2)

−7,194
(−47,927, 31,992)

−57,706
(−383,505, 255,851)

35.4 0.3 63.2 1.0

* Positive numbers in the iNMB categories indicate that the dr. Bart app intervention was cost-effective compared to usual care at the
willingness-to-pay thresholds of €10,000 or €80,000, after 2,500 bootstrap replications. Costs are expressed in 2018 Euros. ∞ = control group
as reference. ADL = activities of daily living; iNMB = increment NetMonetary Benefit; PAM = patient activationmeasure; QALY = quality-adjusted
life year; QoL = quality of life; VAS = visual analog scale; WTP = willingness-to-pay.
† In the cost-effectiveness distribution plane, the southeast (SE) quadrant shows that the dr. Bart app is more effective and less costly than usual
care; the northeast (NE) quadrant shows that the dr. Bart app is more effective andmore costly than usual care; the southwest (SE) quadrant shows
that the dr. Bart app is less effective and less costly than usual care; and the northwest (NW) quadrant shows that the dr. Bart app is less effective and
more costly than usual care.

Table 2. Utility scores and average health care costs per patient during follow-up for the intervention group and con-
trol group*

Intervention group
(n = 214)

Control group
(n = 213)

Mean group
difference (95% CI)

Utility measures
QALY score, 0.0–0.5 0.36 (0.07) 0.36 (0.07) 0.00 (−0.00, 0.01)
QALY VAS score, 0.0–0.5 0.42 (0.05) 0.42 (0.04) 0.00 (−0.00, 0.00)

Total health care costs during
follow-up, €†

462 (80) 503 (79) −22 (−36, −3)

Total health care costs during
follow-up, €‡

489 (104) 505 (80) −8 (−25, 15)

Total health care costs during
follow-up, mean � SD €§

439 (1,294) 496 (1,240) −31 (−66, 3)

* Except where indicated, values are the mean � SE. Mean group differences and 95% confidence intervals (95%
CIs) were obtained from bootstrapping with 2,500 replications using a longitudinal linear mixed-effects model
adjusted for baseline value. Values in the intervention group and control group are raw estimates.
QALY = quality-adjusted life year; VAS = visual analog scale.
† Missing data were multiply imputed.
‡ Calculated by per-protocol analysis.
§ When not loss to follow-up, missing data were imputed with zero cost.
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Figures 2–4, available at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24608). Accordingly, the CEAC showed that
the probability of the dr. Bart app being cost-effective
compared to usual care was 0.93, 0.97, and 0.82 at different
WTP thresholds for symptoms, pain, and activities of daily living,
respectively.

For activities and quality of life, assessed with either the
HOOS or KOOS, we found iNMBS of €7,000 in favor of the con-
trol group (Supplementary Figures 5 and 6). The CEAC showed
that the probability of the dr. Bart app being cost-effective was
0.37 and 0.36, respectively, for activities of daily life and quality
of life. At higher WTP thresholds, this probability remained about
the same.

Sensitivity analyses. Our first sensitivity analysis
(per-protocol analysis) provided similar results (Table 2 and
Supplementary Tables 2 and 3, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24608) as our primary analysis. Additionally, we performed a
second sensitivity analyses (in which we imputed missing cost
data with a 0) and found results comparable to those from our
main analysis (€−31 [€−66, €3]) (Table 2 and Supplementary
Tables 2 and 4).

DISCUSSION

We performed an economic evaluation of intervention with
the dr. Bart app versus usual care in patients with knee/hip OA
from a health care payer perspective. We found small differences
in health care costs in favor of the dr. Bart app intervention group.

Our analyses showed that both utility measures resulted in domi-
nance for the dr. Bart app intervention group, irrespective of the
WTP threshold. Furthermore, 4 of 6 clinical outcomes showed a
chance of >0.80 that the dr. Bart app was cost-effective at WTP
thresholds between €10,000 and €80,000.

Regardless of the limited clinical outcomes (20), we considered
it important to conduct an economic evaluation as these analyses
are necessary to implement interventions on a larger scale. In addi-
tion, an important aim of self-management interventions is to
actively involve people with OA to manage their disease, including
skills navigating the health care system (i.e., making optimal use of
primary and secondary health care options) (38). In the current eco-
nomic evaluation, we found no differences in utility measures
between both study groups over 6 months, which is in line with
2 systematic reviews on traditional self-management interventions
in OA (9,39), indicating that these interventions are not cost-
effective when measured with QALYs (39). Alternatively, we found
that the dr. Bart app had high chances of being cost-effective
(>0.80) in 4 of 6 clinical outcomes. This finding might suggest that
for nonpharmacologic conservative treatments in OA, clinical out-
comes are more responsive to change over time than utility mea-
sures. Taken together, there appears to be some inconsistencies
over a range of utility measures and clinical outcomes. Overall, our
findings seem to be indicative of moderate-to-high chances of the
dr. Bart app being a cost-effective intervention, albeit a modest one.

Although we a found moderate-to-high probability of the
dr. Bart app being cost-effective for the majority of outcomes, dif-
ferences in costs were small. The small differences in costs might
be explained by the fact that the 6-month follow-up was too short
to appropriately investigate whether the dr. Bart app reduces sec-
ondary health care costs in the long term. It is conceivable that the

Figure 2. Cost-effectiveness plane for quality-adjusted life years (QALYs). Color figure can be viewed in the online issue, which is available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24608/abstract.
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“tiny habits” (22) will be incorporated in daily life by participants,
resulting in larger health benefits and changes in patterns of health
care use over time. Further, one could hypothesize that differ-
ences in costs over time will rise because orthopedic surgery
might be necessary or patients will become impaired and have
loss of productivity, leading to higher net cost savings. This is
underlined by 2 studies that showed that nonpharmacologic conser-
vative treatment programs can postpone and thus reduce the num-
ber of total joint replacements after 5 years (40,41). The relatively
small net savings observed in the present study could be of impor-
tance given the high prevalence of OA and its burden on society.
Further research should be undertaken to investigate the long-term
efficacy and cost-effectiveness of nonpharmacologic conservative
treatment interventions, including self-management.

The growing prevalence of OA will result in an additional
demand on health care services. Therefore, there is a need for
cost-effective interventions in the nonpharmacologic conservative
treatment of OA. At present, evidence about the cost-effectiveness
of stand-alone eHealth applications to enhance self-management in
people with OA is absent. As a consequence, no proper compari-
son of our economic evaluation with other studies is possible. Cur-
rently there is limited evidence for cost-effectiveness of a blended
web-based option in OA (16), as well as in telemedicine for other
chronic conditions (e.g., diabetes mellitus). Nevertheless, these
studies show that telemedicine has the potential to be cost-saving
when appropriately executed (17,18). Therefore, more high-quality
or intensive self-management interventions accompanied with eco-
nomic evaluations are necessary to expand our understanding of
the cost-effectiveness of eHealth applications that enhance self-
management in chronic conditions, especially in OA.

The present study is the first that performed an economic
evaluation of a stand-alone electronic self-management applica-
tion for people with knee/hip OA. A potential limitation of this
study is the self-reported nature of health care use; self-reports
are susceptible to underreporting and recall bias. However, we
used the same cost questionnaire for the intervention and control
groups, which would suggest that under reporting would be sim-
ilar in both groups. To minimize recall bias, we chose a recall
period of 3 months. In our opinion, there is no better alternative
to assess health care use as OA does not require continuous
supervision by a physician, as is the case with other chronic con-
ditions (diabetes mellitus and chronic obstructive pulmonary dis-
ease, among others), and thus verifying data from other sources
is not possible (42,43).

A second potential limitation of the present study is the miss-
ing data on health care costs. We performedmultiple imputations,
which is considered highly appropriate to account for missing
data. Third, this economic evaluation was conducted alongside
a clinical trial and the required sample size was based upon the
primary outcome of the randomized controlled trial. Since costs
have a larger variation and skewness than clinical outcome mea-
sures, the current study may be underpowered (44,45). Fourth,

one should keep in mind that we applied a health care payer per-
spective in the present economic evaluation. Thus, productivity
losses were not considered. We assumed that secondary health
care costs would be the main driver in the present study. This is
underlined in a cost-effectiveness study on a blended intervention
in knee/hip OA, in which two-thirds of costs emerged from direct
health care costs. Another potential limitation might be that we
used the EQ-5D-3L rather than the EQ-5D-5L descriptive system,
as the 5L was developed to improve the sensitivity of the 3L. Last,
it should be mentioned that we recruited individuals for participa-
tion in a study on eHealth, which may have affected the selection
of participants in the sense that individuals with knee/hip OA
who had an interest in using contemporary technologies may
have been more likely to participate in the study compared to
those with knee/hip OA who did not have a similar openness to
using eHealth software. Thus, generalizability is restricted to peo-
ple with knee/hip OA who have an interest in using modern tech-
nologies to manage their disease. A strength of the present
study is that we performed not only a cost-utility analysis based
on 2 different utility measures, but we also used 6 different clinical
outcomes to estimate cost-effectiveness, which enabled trade-off
among a range of benefits.

Considering the above-mentioned results and limitations,
this economic evaluation from a health care payer perspective
shows moderate probability that an eHealth application, such as
the dr. Bart app, to enhance disease self-management in people
with knee/hip OA can be considered cost-effective. In view of
the prevalence of OA and the fact that inducing difficult lifestyle
changes is the cornerstone of OA management—and therefore
a potential long-term investment—we believe the magnitude of
effects attributable to the dr. Bart app are worthwhile. Thus, the
app could be applied as a primary approach to deliver useful infor-
mation and support self-management in people with knee/hip
OA, specifically for patients who are interested in eHealth.

ACKNOWLEDGMENTS

We thank all participants for their contributions to the present
study. We would like to thank Laura Rodwell for statistical support as
well as Symax B.V. and Orikami B.V. for their help in developing the
dr. Bart application.

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. Drs. Pelle and van den Ende had full
access to all data in the study and takes responsibility for the integrity of
the data and the accuracy of the data analysis.
Study conception and design. Pelle, Bevers, van den Hoogen, van der
Palen, van den Ende.
Acquisition of data. Pelle.
Analysis and interpretation of data. Pelle, van der Palen, van den Ende.

PELLE ET AL952



REFERENCES

1. Cross M, Smith E, Hoy D, Nolte S, Ackerman I, Fransen M, et al. The
global burden of hip and knee osteoarthritis: estimates from the
Global Burden of Disease 2010 study. Ann Rheum Dis 2014;73:
1323–30.

2. Allen KD, Golightly YM. State of the evidence. Curr Opin Rheumatol
2015;27:276–83.

3. Volksgezondheidenzorg. Artrose. RIVM Bilthoven. 2019. URL:
https://www.volksgezondheidenzorg.info/onderwerp/artrose.

4. Deshpande BR, Katz JN, Solomon DH, Yelin EH, Hunter DJ,
Messier SP, et al. Number of persons with symptomatic knee osteoar-
thritis in the US: impact of race and ethnicity, age, sex, and obesity.
Arthritis Care Res (Hoboken) 2016;68:1743–50.

5. Bannuru RR, Osani MC, Vaysbrot EE, Arden NK, Bennell K, Bierma-
Zeinstra SM, et al. OARSI guidelines for the non-surgical management
of knee, hip, and polyarticular osteoarthritis. Osteoarthritis Cartilage
2019;27:1578–89.

6. Fernandes L, Hagen KB, Bijlsma JW, Andreassen O, Christensen P,
Conaghan PG, et al. EULAR recommendations for the non-
pharmacological core management of hip and knee osteoarthritis.
Ann Rheum Dis 2013;72:1125–35.

7. Barlow J, Wright C, Sheasby J, Turner A, Hainsworth J. Self-
management approaches for people with chronic conditions: a
review. Patient Educ Couns 2002;48:177–87.

8. Lorig KR, Holman H. Self-management education: history, definition,
outcomes, and mechanisms. Ann Behav Med 2003;26:1–7.

9. Kroon FP, van der Burg LR, Buchbinder R, Osborne RH,
Johnston RV, Pitt V. Self-management education programmes for
osteoarthritis. In: Buchbinder R, editor. Cochrane Database of Sys-
tematic Reviews. Chichester, UK: John Wiley & Sons, Ltd; 2014.
p. 10–3.

10. Kroneman M, Boerma W, van den Berg M, Groenewegen P, de
Jong J, van Ginneken E. The Netherlands: health system review. Heal
Syst Transition 2016;18:1–239.

11. Østerås N, Jordan KP, Clausen B, Cordeiro C, Dziedzic K, Edwards J,
et al. Self-reported quality care for knee osteoarthritis: comparisons
across Denmark, Norway, Portugal and the UK. RMD Open 2015;1:
e000136.

12. Bossen D, Veenhof C, Van Beek KE, Spreeuwenberg PM, Dekker J,
De Bakker DH. Effectiveness of a web-based physical activity inter-
vention in patients with knee and/or hip osteoarthritis: randomized
controlled trial. J Med Internet Res 2013;15:e257.

13. Marcolino MS, Oliveira JA, D’Agostino M, Ribeiro AL, Alkmim MB,
Novillo-Ortiz D. The impact of mHealth interventions: systematic
review of systematic reviews. JMIR mHealth uHealth 2018;6:e23.

14. Donker T, Blankers M, Hedman E, Lj�otsson B, Petrie K,
Christensen H. Economic evaluations of Internet interventions for
mental health: a systematic review. Psychol Med 2015;45:3357–76.

15. Kraal JJ, Van den Akker-Van Marle ME, Abu-Hanna A, Stut W,
Peek N, Kemps HM. Clinical and cost-effectiveness of home-based
cardiac rehabilitation compared to conventional, centre-based car-
diac rehabilitation: results of the FIT@Home study. Eur J Prev Cardiol
2017;24:1260–73.

16. Kloek CJJ, van Dongen JM, de Bakker DH, Bossen D, Dekker J,
Veenhof C. Cost-effectiveness of a blended physiotherapy interven-
tion compared to usual physiotherapy in patients with hip and/or knee
osteoarthritis: a cluster randomized controlled trial. BMC Public
Health 2018;18:1082.

17. Lee JY, Lee SW. Telemedicine cost–effectiveness for diabetes man-
agement: a systematic review. Diabetes Technol Ther 2018;20:
492–500.

18. Teljeur C, Moran PS, Walshe S, Smith SM, Cianci F, Murphy L, et al.
Economic evaluation of chronic disease self-management for people
with diabetes: a systematic review. Diabet Med 2017;34:1040–9.

19. Pelle T, Bevers K, van der Palen J, van den Hoogen FH, van den
Ende CH. Development and evaluation of a tailored e-self-
management intervention (dr. Bart app) for knee and/or hip osteoar-
thritis: study protocol. BMC Musculoskelet Disord 2019;20:398.

20. Pelle T, Bevers K, van der Palen J, van den Hoogen FH, van den
Ende CH. Effect of the dr. Bart application on healthcare use and clin-
ical outcomes in people with osteoarthritis of the knee and/or hip in
the Netherlands; a randomized controlled trial. Osteoarthritis Cartilage
2020;28:418–27.

21. Husereau D, Drummond M, Petrou S, Carswell C, Moher D,
Greenberg D, et al. Consolidated Health Economic Evaluation Report-
ing Standards (CHEERS) statement. Eur J Health Econ 2013;14:
367–72.

22. Fogg BJ. A behavior model for persuasive design. In: Proceedings of
the 4th International Conference on Persuasive Technology: Persua-
sive ’09. New York (NY): ACM Press; 2009. p. 1.

23. EuroQol Group. EuroQol—a new facility for the measurement of
health-related quality of life. Health Policy 1990;16:199–208.

24. Lamers LM, Stalmeier PF, McDonnell J, Krabbe PF, van
Busschbach JJ. Measuring the quality of life in economic evaluations:
the Dutch EQ-5D tariff. Ned Tijdschr Geneeskd 2005;149:1574–8.

25. Stiggelbout AM, Eijkemans MJ, Kiebert GM, Kievit J, Leer JW, De
Haes HJ. The ‘utility’ of the visual analog scale in medical decision
making and technology assessment: is it an alternative to the time
trade-off? Int J Technol Assess Health Care 1996;12:291–8.

26. Drummond MF, O’Brien B, Stoddart GL, Torrance GW. Methods for
the economic evaluation of heatlh care programmes. 2nd ed. New
York: Oxford University Press; 1997.

27. Skolasky RL, Green AF, Scharfstein D, Boult C, Reider L,
Wegener ST. Psychometric properties of the patient activation mea-
sure among multimorbid older adults. Health Serv Res 2011;46:
457–78.

28. Rademakers J, Nijman J, van der Hoek L, Heijmans M, Rijken M.
Measuring patient activation in The Netherlands: translation and vali-
dation of the American short form Patient Activation Measure
(PAM13). BMC Public Health 2012;12:577.

29. De Groot IB, Favejee MM, Reijman M, Verhaar JA, Terwee CB. The
Dutch version of the knee injury and osteoarthritis outcome score: a
validation study. Health Qual Life Outcomes 2008;6:16.

30. De Groot IB, Reijman M, Terwee CB, Bierma-Zeinstra SM, Favejee M,
Roos EM, et al. Validation of the Dutch version of the Hip disability and
Osteoarthritis Outcome Score. Osteoarthritis Cartilage 2007;15:
104–9.

31. Hakkaart-van Roijen L, Van der Linden N, Bouwmans C, Kanters T,
Tan SS. Costing manual: methodology of costing research and refer-
ence prices for economic evaluations in healthcare [in Dutch: Kosten-
handleiding: Methodologie van kostenonderzoek en referentieprijzen
voor economische evaluaties in de gezondheidszorg]. 2015.

32. CBS StatLine - Bevolking; kerncijfers 2010. URL: https://opendata.
cbs.nl/statline/#/CBS/nl/dataset/37296NED/table?fromstatweb.

33. Faria R, Gomes M, Epstein D, White IR. A guide to handling missing
data in cost-effectiveness analysis conducted within randomised con-
trolled trials. Pharmacoeconomics 2014;32:1157–70.

34. Rubin DB. Multiple Imputation for Nonresponse in Surveys. Rubin DB,
editor. Hoboken (NJ): John Wiley & Sons; 1987.

35. O’Brien BJ, Briggs AH. Analysis of uncertainty in health care cost-
effectiveness studies: an introduction to statistical issues and
methods. Stat Methods Med Res 2002;11:455–68.

36. Black WC. The CE plane: a graphic representation of cost-effective-
ness. Med Decis Making 1990;10:212–4.

COST-EFFECTIVENESS OF eHEALTH APP IN KNEE/HIP OA 953

https://www.volksgezondheidenzorg.info/onderwerp/artrose
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/37296NED/table?fromstatweb
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/37296NED/table?fromstatweb


37. Fenwick E, O’Brien BJ, Briggs A. Cost-effectiveness acceptability
curves—facts, fallacies and frequently asked questions. Health Econ
2004;13:405–15.

38. Smink AJ, van den Ende CH, Vliet Vlieland TP, Swierstra BA,
Kortland JH, Bijlsma JW, et al. “Beating osteoARThritis”: develop-
ment of a stepped care strategy to optimize utilization and timing of
non-surgical treatment modalities for patients with hip or knee osteo-
arthritis. Clin Rheumatol 2011;30:1623–9.

39. Pinto D, Robertson MC, Hansen P, Abbott JH. Cost-effectiveness of
nonpharmacologic, nonsurgical interventions for hip and/or knee
osteoarthritis: systematic review. Value Heal 2012;15:1–12.

40. Pisters MF, Veenhof C, Schellevis FG, De Bakker DH, Dekker J. Long-
term effectiveness of exercise therapy in patients with osteoarthritis
of the hip or knee: a randomized controlled trial comparing two differ-
ent physical therapy interventions. Osteoarthritis Cartilage 2010;18:
1019–26.

41. Svege I, Nordsletten L, Fernandes L, Risberg MA. Exercise therapy may
postpone total hip replacement surgery in patientswith hip osteoarthritis: a
long-term follow-up of a randomised trial. AnnRheumDis 2015;74:164–9.

42. Hurley MV, Walsh NE, Mitchell HL, Pimm TJ, Williamson E, Jones RH,
et al. Economic evaluation of a rehabilitation program integrating exer-
cise, self-management, and active coping strategies for chronic knee
pain. Arthritis Rheum 2007;57:1220–9.

43. Beckett M, Weinstein M, Goldman N, Yu-Hsuan L. Do health interview
surveys yield reliable data on chronic illness among older respon-
dents? Am J Epidemiol 2000;151:315–23.

44. Korthals-de Bos I, van Tulder M, van Dieten H, Bouter L. Economic
evaluations and randomized trials in spinal disorders: principles and
methods. Spine (Phila Pa 1976) 2004;29:442–8.

45. Tan SS, Teirlinck CH, Dekker J, Goossens LM, Bohnen AM, Verhaar JA,
et al. Cost-utility of exercise therapy in patients with hip osteoarthritis in
primary care. Osteoarthritis Cartilage 2016;24:581–8.

PELLE ET AL954



Short-Term Effects of Occupational Therapy on Hand
Function and Pain in Patients With Carpometacarpal
Osteoarthritis: Secondary Analyses From a Randomized
Controlled Trial

Anne Therese Tveter,1 Nina Østerås,1 Randi Nossum,2 Ruth Else Mehl Eide,3 Åse Klokkeide,4

Karin Hoegh Matre,3 Monika Olsen,4 and Ingvild Kjeken1

Objective. To assess the short-term effects of multimodal occupational therapy on pain and hand function in
patients referred for surgical consultation due to first carpometacarpal (CMC1) joint osteoarthritis (OA).

Methods. In this randomized controlled trial, patients with CMC1 joint OA referred for surgical consultation at 3 rheu-
matology departments were randomized to 3monthsmultimodal occupational therapy (including patient education, hand
exercises, orthoses, and assistive devices) or usual treatment (OA information). Pain was measured on a numeric rating
scale from 0 to 10 (0 = no pain). Function included grip and pinch strength (Newtons), range-of-motion (palmar and
CMC1 joint abduction [�]; flexion deficit in digits 2–5 [mm]), and self-reported Measure of Activity Performance of the
Hand (MAP-Hand; range 1–4, 1 = no activity limitation) and short version of the Disability of the Arm, Shoulder, and Hand
(QuickDASH; range 0–100, 0 = no disability). Between-group difference was assessed with follow-up values as depen-
dent variables and group as an independent variable, adjusted for baseline values and time to follow-up.

Results. Among 180 patients (mean � SD age 63 � 8 years; 81% women), 170 completed the short-term follow-
up assessment (3–4 months after baseline). Compared to usual treatment, occupational therapy yielded significantly
improved pain at rest (−1.4 [95% confidence interval (95% CI) −0.7, −2.0]; P < 0.001), pain following grip strength
(−1.1 [−0.5, −1.7]; P = 0.001), grip strength (23.4 [95% CI 7.5, 39.3]; P = 0.004), MAP-Hand score (−0.18 [95% CI
−0.09, −0.28]; P = 0.001), and QuickDASH score (−8.1 [95% CI −4.6, −11.5]; P < 0.001).

Conclusion. The multimodal occupational therapy intervention had significant short-term effects on pain, grip
strength, and hand function in patients with CMC1 joint OA.

INTRODUCTION

First carpometacarpal (CMC1) joint osteoarthritis (OA) is a
subcategory of hand OA affecting the base of the thumb (1).
Radiographic CMC1 joint OA exists in approximately 30% of
men and 33% of women (2), and the prevalence increases with
age (3). Compared to OA in the interphalangeal joints, CMC1
joint OA may lead to significantly greater pain and functional lim-
itations, mainly due to hypermobility and effects on thumb oppo-
sition (1). CMC1 joint OA is characterized by a combination of
reduced cartilage thickness, increased ligament laxity, and sub-
luxation, leading to contracture and decreased thumb web space

(4). Thus, the European Alliance of Associations for Rheumatology
(EULAR) recommendations for hand OA management advocate
individualized treatment according to localization and severity (5)
and highlight the need for specific trials targeting hand OA subcate-
gories (6).

There is no cure for OA. The updated EULAR recommen-
dations state that all patients with hand OA should receive mul-
timodal therapy consisting of education and training in
ergonomic principles, hand exercises, activity pacing, and the
use of assistive devices as first-line treatment. For CMC1 joint
OA, orthoses should be customized (5). Surgical procedures
should only be considered in patients with severe pain and
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functional limitations for whom conservative treatment has
failed (5). Several studies have assessed the effects of multi-
modal treatments on hand OA (7); however, few studies have
assessed such treatments in the subset of patients with
CMC1 joint OA. In a systematic review, Aebischer et al found
moderate-to-high evidence of greater pain reduction in CMC1
joint OA patients undergoing multimodal treatment compared
to controls (8), whereas no effect was detected regarding hand
function (8). However, their review included studies with
moderate-to-high risk of bias and studies with nonrandomized
or noncontrolled designs; thus, the results should be cautiously
interpreted. A more recent systematic review included 2 high-
quality randomized controlled trials (RCTs) showing a similar
tendency, with multimodal treatment reducing pain, but having
lesser influence on grip and pinch strength (9). The lack of treat-
ment effect on functional hand measures could be due to the
short intervention periods, small samples, or the measures
used (10,11), highlighting the need for large high-quality stud-
ies. In the current study, we aimed at assessing the short-term
effect of a 3-month multimodal occupational therapy interven-
tion compared to usual care with regard to pain and hand func-
tion among patients referred for surgical consultation due
to CMC1 joint OA.

MATERIALS AND METHODS

Trial design. This study is a secondary data analysis of a
multicenter parallel group RCT with the main aim of assessing
whether multimodal occupational therapy could delay or
reduce the need for surgery after 2 years. Primary analyses
showed a nonsignificant tendency toward delay and reduction
in surgical rate (12). In this substudy, we present the short-term
results regarding secondary outcomes of pain and hand
function. The study included patients from departments of
rheumatology at 3 Norwegian hospitals: St. Olav’s Hospital,
Haukeland University Hospital, and Haugesund Rheumatism
Hospital. Patients were included between 2013 and 2015.
The study protocol is previously published (13). The trial was
approved by the Norwegian Regional Ethical Committee
(2012/2265/REK sør-øst C).

Setting and participants. Patients referred by their gen-
eral practitioner for surgical consultation due to CMC1 joint OA
were considered eligible if they could speak Norwegian and had
no cognitive deficits. At each hospital, a local project coordinator
had access to the list of referred patients, and study information
was mailed to eligible patients. Patients who agreed to participate
were scheduled for an appointment with an occupational thera-
pist (OT) shortly after referral. Prior to this appointment, patients
gave their written consent and completed a questionnaire. After
baseline assessment, the patients were randomized to either
usual care (OA information) or a 3-month multimodal occupational
therapy intervention conducted in the waiting period between
referral and surgical consultation. Baseline and follow-up assess-
ments were performed by local OTs (RN, REME, ÅK, KHM,
and MO).

Intervention group. The intervention group received
patient education, instruction in hand exercises, orthoses for the
CMC1 joint and 5 commonly used assistive devices (13). At base-
line, patients received 1 individual session of patient education,
including information about hand OA, ergonomic principles, and
instructions in hand exercises and the use of assistive devices,
lasting approximately 30 minutes. The intervention was provided
by an OT (in total 6 OTs, 2 at each hospital) having at least 2 years
of experience in rheumatology. The same OTs were responsible
for patient assessments.

The hand exercise program was based on a previous study
(14) and comprised 8 exercises for maintaining and increasing
joint mobility, grip strength, and stability of the wrist and finger
joints. Patients were instructed to exercise at home 3 times per
week for 12 weeks. The dosage of each exercise is presented
elsewhere (12,13).

At baseline, patients received a daytime and a nighttime
orthosis, and 5 commonly used assistive devices. The first-
choice daytime orthosis was the Push Brace, which was
intended to increase CMC1 joint stability and thus relieve pain
(15). The nighttime orthosis was custom-made using Orfit Clas-
sic 2-mm Maxi, lined with velour cotton, with the goal of pre-
venting and correcting adduction contracture and subluxation
of the thumb (16). All orthoses stabilized only the CMC1 joint,
not affecting mobility in other joints. Patients were encouraged
to use orthoses as often as possible during the intervention
period. The assistive devices provided for home use were
based on a previous RCT (17): a bread knife and vegetable
knife with built-up handles, an enlarged grip for opening
bottles, a key for opening jars, and a self-opening pair of
scissors.

Two weeks after baseline assessment, the intervention
group returned for adjustments of orthoses and exercise pro-
gram. Apart from these 2 visits, patients self-managed at home
for the 12-week intervention period, recording their use of exer-
cises, orthoses, and devices in a diary.

SIGNIFICANCE & INNOVATIONS
• An intervention comprising 2 occupational therapy

visits and self-management at home for 12 weeks
is safe and feasible and improves hand pain, func-
tion, and strength in adults with carpometacarpal
osteoarthritis.

• Study findings support current European Alliance of
Associations for Rheumatology guidelines to offer
education, hand exercises, assistive devices, and
orthoses before surgery is considered.
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Adherence to the multimodal occupational therapy
intervention. In a patient diary, the intervention group recorded
the time spent doing the exercises; pain after each exercise ses-
sion (numeric rating scale [NRS] of 0–10, 0 = no pain); and daily
wear time for the daytime and nighttime orthoses. As there are
no recommendations related to dosage of hand exercises, the
American College of Sports Medicine guidelines were used.
These guidelines recommend at least 2–3 days per week to main-
tain and/or improve strength and range-of-motion (18). Exercise
program adherence was considered adequate if a patient exer-
cised ≥2 days per week for at least 8 weeks. Regarding daytime
orthosis use, adherence was considered adequate if the orthosis
was worn ≥4 days per week for at least 8 weeks, with no mini-
mum wear time. Adherence to nighttime orthosis use was
deemed adequate if the orthosis was worn ≥5 hours a night, ≥5
nights per week (19) for at least 8 weeks. Use of assistive devices
was considered adequate if patients reported using at least 3 of
the 5 provided assistive devices at follow-up, either regularly or
when experiencing pain. Total adherence was deemed adequate
if adequate adherence to at least 3 of the 4 components was
demonstrated.

Adverse events. The diary included open spaces for
patients to record any adverse event during the intervention
period. A single episode of pain and/or discomfort was consid-
ered a minor adverse event. Persistent pain and/or discomfort
related to exercise and/or orthoses use, measured after the
2-week appointment for orthoses and exercise adjustment, was
considered a moderate adverse event.

Control group. Patients in the control group received usual
care, which when referred to surgical consultation usually
includes staying on the waiting list, receiving no treatment. How-
ever, in the current study they were given written and oral informa-
tion regarding OA and treatment options at baseline (provided by
the same 6 OTs). If necessary, the patients could independently
seek additional treatment, including consultation with general
practitioners or other health personnel.

Randomization and blinding. Patients were randomized
using a computer-generated list prepared by a biostatistician with
a block size of 10, stratified by hospital. For each hospital, a secre-
tary prepared sealed opaque envelopes containing assignments.
These envelopes were opened by the patients after receiving infor-
mation on hand OA and completing baseline assessment. The
group affiliation was known to both the patients and the OTs.

Measurements and outcomes. At assessment, patients
self-reported pain using an NRS ranging from 0 to 10 (0 = no
pain), reported at rest and after pinch and grip strength testing.
A change of 33% represents a minimal important change (MIC)
in patients with chronic musculoskeletal conditions (20).

Grip strength and 2-point pinch strength were measured by
OTs using standardized protocols for Grippit (21) presented in
Newtons and as a percentage of normal strength (reference
values derived from Nilsen et al [22]). A measurement error of
5–10% is described in different patient populations (23,24). The
MIC value for Grippit has not been reported. However, the MIC
for a similar measure (Jamar) is estimated to be approximately
20% (25). To determine the opening grip, OTs used a
Pollexograph (26) to measure the active palmar abduction of the
thumb and active abduction of the CMC1 joint in degrees. These
measures exhibit a smallest detectable change of 6–7� among
healthy adults (27). OTs assessed flexion deficits of digits 2–5
using the fingertip-to-palm distance test (28), measuring the dis-
tance (in mm) from the proximal palmar crease to the distal point
of each finger. The flexion deficits of all fingers on each hand were
summed to generate a total flexion deficit score (0 = no flexion
deficit). There are no prior reports of properties of flexion deficit
measurements.

Activity limitations were self-reported before patients met at
assessment using the Measure of Activity Performance of the
Hand (MAP-Hand) (29) and the short version of the Disability of
the Arm, Shoulder, and Hand outcome measure (QuickDASH).
MAP-Hand includes 18 items concerning activity performance
related to hand function, with each item scored on a 4-point scale
from 1 (no activity problems) to 4 (unable to perform). If complete
answers were given for ≥15 of the 18 items, a total mean score
was calculated (29). MAP-Hand exhibits acceptable validity and
reliability in patients with hand OA, with a smallest detectable
change of 0.6 points (30). QuickDASH comprises 11 questions
assessing physical function and symptoms of the upper extrem-
ity. A total score can be calculated, ranging from 0 to 100, with a
higher score indicating greater disability (31). QuickDASH exhibits
good reliability and validity in various upper-extremity conditions
(32,33), with an estimated MIC of 14 points (34).

For all variables, except MAP-Hand and QuickDASH, the
results are given for the referred hand for patients with single-
hand referral, and as the average of both hands for patients with
bilateral referral. At follow-up, patients were asked whether they
experienced problems with the use of assistive devices on an
NRS ranging from 0 to 10 (0 = not problematic, 10 = very
problematic).

Sample size and statistical analysis. Sample size calcu-
lation for the current study was based on the primary outcome,
i.e., the number of patients receiving surgery due to CMC1 joint
OA during the 2-year follow-up. Based on a hypothesized surgery
rate of 70% in the control group, and the ability to detect a 20%
between-group difference in surgery rate (80% power, signifi-
cance level 0.05, 20% drop-out rate), the sample size was esti-
mated as 180 patients (90 in each group) (13).

To assess the effect of the intervention, we performed linear
regression with follow-up values as dependent variables and
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group as independent variable, adjusting for baseline values and
time between baseline and follow-up. We performed both intent-
to-treat and per-protocol (including only those adhering to the
intervention) analyses. Effect size was calculated as the adjusted
between-group difference divided by the SD of the mean differ-
ence in the total sample. An effect size of >0.8 was considered
large, >0.5 to 0.8 moderate, and 0.2–0.5 small (35). We analyzed
differences between the proportions of patients achieving MIC
(or changing beyond measurement error) in the 2 groups using the
chi-square test (continuity correction). One-way repeated-measure
analysis of variance was performed to assess the change in pain

scores after exercise in the intervention group (mean NRS after the
3 exercise sessions each week). To account for multiple secondary
outcomes, we used Bonferroni correction (10 outcomes), giving a
P value of less than 0.005. Statistical analyses were performed using
SPSS software, version 25.

RESULTS

Study participants. Table 1 presents the patients’ base-
line characteristics. The 2 groups did not significantly differ in
demographic or clinical variables, except in the time between

Table 1. Baseline characteristics of patients with osteoarthritis in the CMC1 joint (n = 180)*

Characteristic Occupational therapy (n = 90) Control (n = 90)

Demographic variables
Age, mean � SD years 62.8 � 7.5 63.3 � 7.8
Female, no. (%) 73 (81) 69 (77)
Referred hand, no. (%)
Right 31 (34) 17 (19)
Left 24 (27) 29 (32)
Both 35 (39) 44 (49)

Education level, no. (%)
Primary school 14 (16) 20 (22)
High school 44 (49) 39 (43)
University/college ≤4 years 17 (19) 19 (21)
University/college >4 years 15 (16) 12 (13)

Living alone, no. (%) 17 (19) 18 (20)
Working part/full time, no. (%) 48 (53) 43 (48)
Right-hand dominant, no. (%) 81 (90) 87 (97)

Clinical characteristics
Years with symptoms, median (IQR)† 5 (2–10) 5 (2–10)
Comorbidity, no. (%) 61 (68) 56 (62)
Presence of clinical noduli (referred hand), no. (%) 40 (44) 35 (39)
Radiographic CMC1 OA severity (Kellgren/Lawrence
0–4, 0 = no radiographic changes), median (IQR)

3 (3–4) 3 (3–4)

Prior hand surgery (both hands), no. (%) 22 (26) 14 (16)
Prior conservative treatment, no. (%) 16 (19) 21 (25)
Analgesics use (antiinflammatory or pain relief
medication), no. (%)

57 (63) 57 (63)

Pain‡
At rest, median (IQR) 3 (1–4) 3 (2–5)
Following grip strength, median (IQR) 3 (1–5) 3 (2–5)
Following pinch strength, median (IQR) 3 (1–6) 4 (2–5)

Hand function
Grip strength, Newtons 178 � 97 192 � 113
Grip strength, % of normal strength 63 � 25 66 � 25
Pinch strength, Newtons 31 � 15 33 � 19
Pinch strength, % of normal strength 61 � 24 62 � 26
Palmar abduction, degrees 46 � 12 50 � 9
Abduction carpometacarpal joint, degrees 35 � 10 38 � 8
Flexion deficit in digits 2–5, mm, median (IQR)§ 0 (0–3) 0 (0–0)
MAP-Hand (1–4, 1 = no problem) 1.97 � 0.44 1.97 � 0.40
QuickDASH (0–100, 0 = no disability) 35.7 � 16.9 38.0 � 16.2

* Values are the mean � SD unless indicated otherwise. With the exception of MAP-Hand and QuickDASH, all func-
tional and pain measures are given for the referred hand or as the mean of both hands for bilateral referrals.
Comorbidities are one or more of the following: high blood pressure, heart disease, lung disease, allergy, low back
pain, stroke, neurologic disease, cancer, diabetes mellitus, kidney or liver disease, metabolic disease, psychological
disease, blood disease, or gastrointestinal disease. CMC1 = first carpometacarpal joint; IQR = interquartile range;
MAP-Hand = Measure of Activity Performance of the Hand; OA = osteoarthritis; QuickDASH = short version of the
Disability of the Arm, Shoulder, and Hand outcome measure.
† n = 78 in occupational therapy group and n = 80 in control group.
‡ Numeric rating scale 0–10, 0 = no pain.
§ n = 88 in both groups.

TVETER ET AL958



baseline and follow-up, which was 92 days (interquartile range
[IQR] 83–107) for the intervention group versus 106 days (IQR
72–167) for the control group. There were no differences between
the 170 patients who completed the follow-up assessment and
the 10 patients who did not (Figure 1). None of the patients
received surgery before follow-up assessment.

Results of adherence to the multimodal occupa-
tional therapy intervention. In the intervention group,
58 patients (64%) adhered to ≥3 of the 4 components of the inter-
vention, 74 (82%) adhered to the exercise program, 61 (68%)
reported adequate daytime orthosis use, and 49 (54%) reported
adequate nighttime orthosis use. Additionally, 62 patients (69%)
reported using at least 3 of the 5 assistive devices at follow-up
(including different combinations of the 5 assistive devices given
at baseline). The adherence to exercise and use of orthoses
remained relatively consistent throughout the study (Figure 2).
Patients in the intervention group perceived the use of assistive
devices as unproblematic (median 0 [IQR 0–2]).

Secondary outcomes of pain and hand function.
Table 2 summarizes the intent-to-treat analyses and effect sizes.

The control group exhibited no significant changes from baseline
to follow-up. In contrast, the intervention group showed signifi-
cant improvements in all aspects of pain and hand function,
except for flexion deficit. Adjusted analyses revealed significant
between-group differences. Compared to the control group, the
intervention group reported less pain at rest, and following grip
strength testing, exhibited better grip strength and reported
higher function on MAP-Hand and QuickDASH. The groups
showed no significant differences in any of the range-of-motion
measures or pinch strength (Table 2). Per protocol analyses
(n = 142) revealed similar results, with the addition of a significant
between-group difference in palmar abduction when including
only patients who adhered to the intervention (n = 58; 3.7 [95%
confidence interval 1.2, 6.3]; P = 0.005).

The change in pain at rest exceeded the MIC among 44% of
patients in the intervention group, compared to 22% in the control
group (P = 0.003). Similarly, the change in pain following grip
strength testing exceeded the MIC among 42% of patients in the
intervention group and 22% in the control group (P = 0.007).
The change in QuickDASH score exceeded the MIC in one-third
of patients in the intervention group, compared to 7% in the con-
trol group (P < 0.001). Grip and pinch strength, respectively,

Figure 1. Study flow chart illustrating the inclusion of patients referred for surgical consultation due to osteoarthritis in the first carpometacarpal
joint.
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changed beyond MIC in 40% and 46% of patients in the interven-
tion group, compared to 19% and 29% in the control group
(P = 0.006 and 0.03, respectively). We found no significant
between-group differences in proportions of patients experienc-
ing changes beyond MIC with regard to range-of-motion mea-
sures, pain following pinch strength testing, and MAP-Hand
score. In the intervention group, pain following exercise was sig-
nificantly reduced throughout the exercise period (Wilks’
Lambda = 0.48, F = 4.6, P < 0.001) (Figure 3).

Adverse event results. Eight patients reported discomfort
using the daytime and/or nighttime orthoses, with 5 reporting

minor events and 3 reporting moderate events. Additionally,
8 patients reported pain related to the thumb strengthening exer-
cise, with 2 reporting minor events and 6 reporting moderate
events. For 3 of these patients, the thumb stabilizing exercise
caused pain and was discontinued.

DISCUSSION

Our main aim was to assess the short-term effects of a
3-month multimodal occupational therapy intervention with
regard to pain and hand function in patients referred for surgical
consultation due to CMC1 joint OA. The multimodal occupational

Figure 3. Mean pain score per week, calculated from 3 weekly exercise sessions, for patients with osteoarthritis in the first carpometacarpal joint
included in the occupational therapy group (n = 86). Pain was measured using a numeric rating scale score (NRS) from 1 to 10 (0 = no pain,
10 = worst pain). Error bars indicate 95% confidence interval (95% CI).

Figure 2. Percentage of participants adhering to exercise and use of orthoses each week. Adherence was defined as hand exercises ≥2 days
per week, daytime orthosis ≥4 days per week regardless of wear time, and nighttime orthoses ≥5 hours a night for ≥5 nights per week.
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therapy intervention was based on prior recommendations (6,36)
and included patient education, hand exercises, and use of ortho-
ses and assistive devices. The intervention was based on self-
management, with patients only consulting the OT twice. Our
results demonstrated that compared to the control group,
patients in the intervention group displayed significantly greater
improvement in pain, hand function, and grip strength. These
findings indicate that patients with CMC1 joint OA should be
referred for multimodal occupational therapy before considering
surgery. The low occurrence of adverse events and the high
adherence indicate that this intervention was safe and well-
tolerated and was manageable to conduct at home. Although
the results provide evidence that the recommended multimodal
treatment is effective, greater knowledge is needed regarding
optimal treatment dosage and frequency, as well as assessment
of long-term results.

Lack of effect on hand function in prior CMC1 joint trials may
be related to short trial duration (9). Accordingly, in a recent study
assessing the effect of a 6-weekmultimodal conservative treatment
program, the results showed effects on only pain measures after
6 weeks, and effects on both pain and hand function measures
after 12 weeks (37). These results emphasize that an intervention
period of ≥12 weeks may be needed to achieve improvement in
both pain and hand function, as also shown in our study.

A recent Cochrane review revealed that hand exercises may
reduce pain and finger stiffness and improve hand function in
patients with hand OA (7). The hand exercise component of the
intervention may well have contributed to the improvements
regarding pain and hand function. The hand exercise program
comprised exercises for joint mobility, strength, joint stability,
and stretching, and the strengthening exercises may have con-
tributed to the patients’ improvement in grip strength. Although
improved grip strength has not previously been demonstrated in
patients with CMC1 joint OA (11,38), the same exercise program
effectively improved grip strength in patients with hand OA (14).
Moreover, the improved grip strength possibly contributed to
improvement in self-reported hand function, as grip strength is
reportedly associated with hand function (39). Our results also
revealed a reduction in pain after exercise throughout the inter-
vention period, similar to the study by Hennig et al (14). Thus,
hand exercises seem to be an important component of the multi-
modal intervention. However, further studies are needed to deter-
mine the optimal dosage and combination of exercises.

Our intervention did not include any exercises focusing on
pinch strength. This absence was largely because such exercises
can easily be incorrectly performed, carrying a risk of worsening
hypermobility and subluxation of the thumb rather than strength-
ening the pinch (40). Thus, as expected, the intervention did not
have a positive effect on pinch strength.

Although the exercise program included exercises for
stretching and joint mobility, the groups did not significantly differ
in the range-of-motion variables. This finding could be because

the patients did not have particularly impaired range-of-motion
at baseline compared to healthy subjects (27), thus limiting the
possibility for improvement. Another reason may be that limited
joint mobility caused by abnormalities, such as nodules, cannot
be improved (41), as nodules were present in the referred hand
in approximately 40% of the sample. Thus, in this patient group,
maintaining the baseline range-of-motion may be a more
realistic goal.

Patients in the intervention group received a daytime orthosis
with the aim of stabilizing the CMC1 joint without affecting mobility
in the other joints. The available evidence regarding different types
of orthoses is conflicting (42). A study by Cantero-Téllez et al
demonstrated that people using orthoses that did not include
the metacarpophalangeal joint exhibited greater improvement in
functional ability after 3 months compared to patients using ortho-
ses that immobilized the metacarpophalangeal joint (43). Accord-
ingly, our results may support the idea that orthoses inducing less
immobilization may sufficiently stabilize the joint to provide pain
relief, while still allowing patients to efficiently perform activities.

Follow-up analyses indicated that 69% of our patients
adhered to the use of at least 3 of the 5 provided assistive
devices, and the majority reported that the use of these assistive
devices was unproblematic. Thus, the multimodal occupational
intervention appears to be a simple strategy for improving activity
performance in patients with CMC1 joint OA. Use of assistive
devices may contribute to improvements in hand function as well
as reductions in pain, as they enable easier performance of diffi-
cult and painful tasks with less pain provocation.

Our findings revealed moderate effect sizes for both pain and
functional measures. The present effect sizes and change scores
for pain measures were somewhat lower compared to those
reported in other studies of patients with CMC1 joint OA (11,37).
One possible explanation may be that most of our patients exhib-
ited only mild pain and moderate disability at baseline, thus leav-
ing little room for improvement. Notably, Robbins et al had
inclusion criteria regarding pain intensity that was higher than our
baseline mean score (37). Still, nearly half of the patients in our
intervention group exhibited improved pain and function mea-
sures that could be characterized as clinically important. Thus,
our findings indicate that multimodal occupational therapy may
lead to significant and clinically important improvement, even in
patients with CMC1 OA exhibiting only mild pain and moderate
disability.

Major strengths of the current study are that it is a large, mul-
ticenter RCT and one of few studies assessing the effects of rec-
ommended multimodal treatment in patients with CMC1 joint
OA. This study also has several limitations. First, this study was
based on analyses of secondary outcomes, and adequate power
calculations were not performed for these outcomes. However,
the current study included a considerably larger sample than
most nonpharmacologic RCTs using similar outcomes among
hand OA patients (6). Additionally, we set the significance level to

TVETER ET AL962



P < 0.005 to avoid drawing unfounded conclusions. Second,
the patients and OTs were not blinded regarding the group affilia-
tion. It is difficult to blind patients in conservative nonpharmaco-
logic trials. Importantly, all pain measures and several of the
functional measures were self-reported, and with little contact
between the OT and patient during the intervention period,
the OT had little possibility to influence the scores, and the lack
of ability to blind the patients was not believed to be a large con-
tributor to bias.

Third, the time between baseline and follow-up was deter-
mined based on the surgeon’s wait list, and we found that this
time differed between the 2 groups, with the control group waiting
for a longer period. Moreover, some patients in the intervention
group were assessed before completion of the 3-month interven-
tion. However, our results were maintained after adjusting for time
to follow-up. Lastly, we did not assess the interrater reliability
between the OTs for strength and range-of-motion measurement
or the fidelity of the intervention. However, the measurements
were done according to standardized protocols and by the same
OT at baseline and follow-up for the individual patient. As for the
intervention, the OTs were all experienced within the field of hand
OA treatment. Additionally, they registered the time used on each
visit and described the orthoses that were provided. Thus, we
assume that the fidelity was relatively high, and that the interrater
reliability to a lesser extent impacted our results.

The results of our current study revealed that a multimodal
occupational therapy intervention yielded significant beneficial
short-term effects on pain, grip strength, and hand function in
patients with CMC1 joint OA. These findings imply that patients
with CMC1 joint OAmay benefit from occupational therapy before
considering surgical consultation.
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In the Dark About Physical Activity – Exploring Patient
Perceptions of Physical Activity After Elective Total Knee
Joint Replacement: A Qualitative Study

Lyndon J. Hawke,1 Nicholas F. Taylor,1 Michelle M. Dowsey,2 Peter F. M. Choong,2 and Nora Shields3

Objective. The study aimed to explore patient perceptions of and motivations for physical activity after total knee
joint replacement.

Methods. Participants were purposively sampled after completing a public outpatient rehabilitation exercise group.
Semistructured interviews were completed with 22 participants (mean age 70 years, 45%women) 6 to 12 months after
total knee joint replacement. Interviews were audiotaped and transcribed verbatim. Themes were identified by an
inductive and iterative process of data analysis.

Results. The main theme to emerge was participants were in the dark about physical activity. Participants were
typically not familiar with physical activity guidelines and had difficulty distinguishing between low- and moderate-
intensity physical activity. Three subthemes were identified: 1) people prioritize participation in meaningful life situa-
tions after total knee joint replacement, 2) rehabilitation was perceived to not explicitly address moderate-intensity
physical activity levels, and 3) other health and social reasons replaced knee osteoarthritis as barriers to physical
activity.

Conclusion. Limited understanding of physical activity recommendations, prioritization of participation in mean-
ingful life situations, rehabilitation that was impairment focused, and other health and social reasons appeared to con-
tribute to low levels of moderate-intensity physical activity in adults after knee joint replacement. Addressing being
in the dark about physical activity may be an important first step to increase the effectiveness of behavioral interven-
tions designed to promote physical activity after total knee joint replacement.

INTRODUCTION

Low physical activity levels are a problem for people with
knee osteoarthritis, as their cardiovascular-associated mortality
rates are almost double that of the general population (1–7). Phys-
ical activity is any body movement produced by skeletal muscles
resulting in energy expenditure, such as walking, swimming,
gardening, and doing housework (8). To obtain physical health
benefits (e.g., prevention of cardiovascular disease), guidelines
recommend adults engage in at least 150–300 minutes of
moderate-intensity aerobic physical activity (activity that requires
some effort but still allows people to talk easily, e.g., brisk walking

[9]) each week (10), although smaller amounts of physical activity
also provide physical health benefits (11–13). It may be assumed
by people with knee osteoarthritis (14) and health professionals
(15) that physical activity levels naturally increase after knee joint
replacement. However, despite reduced pain and improved knee
function (16,17), physical activity remains low (18–20); after knee
joint replacement, people average just 12 daily minutes of
moderate-to-vigorous intensity physical activity daily, with 95%
failing to meet physical activity recommendations (21). Further,
moderate-intensity physical activity remains reduced 5 years after
knee joint replacement; after knee joint replacement, people com-
pleted almost 30% less walking activity than age-matched peers
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without osteoarthritis or joint replacement (22). Consequently,
after knee joint replacement, people typically remain at high risk
of cardiovascular disease.

Qualitative studies have explored people’s perceptions of
physical activity after knee joint replacement (23–26). Key findings
of these studies include the following: physical activity is for enjoy-
ing living, physical outcomes vary after surgery, understanding of
the health risks of sedentary behavior is limited, apprehension of
new joint damage limits physical activity and elicits new limitations
to postsurgical physical activity. These studies, however, com-
prised mixed samples of participants after hip joint replacement
or knee osteoarthritis (23,25,26), primarily explored people’s
awareness and understanding of sedentary behavior (25), or were
conducted in developing countries where cultural factors could
limit generalizability (24). How people perceive physical activity
and what motivates physical activity after knee joint replacement
is not well understood. Additionally, there has been little explora-
tion of knowledge of physical activity guidelines. Therefore, there
is a need to explore people’s perceptions of and motivations for
physical activity and knowledge of physical activity recommenda-
tions after knee joint replacement, as this may assist health pro-
fessionals in addressing low physical activity levels.

PATIENTS AND METHODS

Study design. A qualitative study was completed to explore
perceptions of physical activity after knee joint replacement. The
theoretical framework chosen was interpretive description (27).
An advantage of interpretive description is that it facilitates the
development of comprehensive knowledge through the identifi-
cation of themes and patterns from subjective perceptions and
experiences of a clinical phenomenon that may inform clinical

practice (28). The present study is reported in accordance with
the consolidation criteria for reporting qualitative research check-
list (COREQ) (29). The health service and university ethics com-
mittees approved the study and written informed consent was
obtained from all participants.

Participants. Purposive sampling was used to recruit par-
ticipants representative of sex, age, and cultural background
(30). Participants were those who had elective total knee joint
replacement for osteoarthritis 6 to 12 months previously. This
timeframe was chosen because participants were expected to
have had an opportunity to resume their usual physical activities
(16). People who had knee joint replacements due to trauma or
medical conditions other than osteoarthritis (e.g., rheumatoid
arthritis) were not eligible. Recruitment took place after comple-
tion of a 6-week public outpatient rehabilitation group exercise
program, led by a physical therapist and 2 allied health assistants.
The program typically commences 2 to 4 weeks after discharge
following knee joint replacement and is the standard of care at
the health network where the study was conducted. Each session
comprised 60 minutes of exercise, including knee-specific
strengthening and range-of-motion exercises, functional exer-
cises (e.g., stairs), and general exercises (e.g., treadmill), without
an education component.

Data collection. In-depth interviews were conducted by
1 male researcher (LJH) using an interview guide. The interviewer
did not limit the questions to those included in the interview guide
but had the freedom to ask additional follow-up questions.
Follow-up questions were asked to allow participants the oppor-
tunity to provide rich responses and the interviewer to follow
new lines of inquiry (Table 1). The interview was conducted either
in the participant’s home, workplace, or in a private consulting
room at the rehabilitation service. At the start of the interview
“physical activity” was defined. Physical activity recommenda-
tions (10) were also discussed with participants midway through
the interview. Additional field notes were made, and participant
information was collected, including medical history, sex, age,
education, country of birth, postsurgical complications, perceived
success of knee joint replacement, and any exercise facilities
accessible from the participant’s home. Interviews were audio-
taped and transcribed verbatim. Transcripts were mailed to par-
ticipants with a stamped return-addressed envelope inviting
them to review the transcript (31). Recruitment was guided by
the principle of data saturation and ceased when no new themes
emerged.

Data analysis. Transcripts were coded line by line by
2 researchers (LJH and either NFT or NS). Descriptive codes were
generated using an inductive approach, to represent concepts in
the data. Independent working notes on each transcript were
generated and managed using NVivo 12 software or manual

SIGNIFICANCE & INNOVATIONS
• Limited understanding of key physical activity con-

structs (e.g., mistaking “being busy” for moderate-
intensity physical activity) may contribute to low
levels of physical activity after total knee joint
replacement.

• Addressing people’s limited understanding of phys-
ical activity may be an important first step in
increasing the effectiveness of behavioral change
interventions designed to promote physical activity
after total knee joint replacement.

• After total knee joint replacement, people prioritize
participation in life situations that are meaningful
and bring self-fulfilment, but these priorities are
often low-intensity physical activities.

• Outpatient rehabilitation after total knee joint
replacement was perceived to focus on knee
impairment and may miss an opportunity to
address low physical activity levels.
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methods. Through discussion, the descriptive codes were cate-
gorized, and further integration and refinement of higher-level
concepts took place until the main theme and subthemes
emerged (32). The descriptive codes were reviewed by
1 researcher (LJH) to selectively search for data representative of
the main theme and subthemes (selective coding) to ensure all rel-
evant data had been captured (32). Following further discussions
and transcript reviews, the main theme and subthemes were
modified until consensus was reached. Two researchers (MMD
and PFMC) reviewed the final interpretation of results.

Rigor and trustworthiness. Credibility was enhanced by
having multiple researchers independently code, analyze, and
interpret data (investigator triangulation), member check tran-
scripts, and conduct purposive sampling. Transferability was
enhanced by providing detailed descriptions of the methods
used, along with participant information. An audit trail together
with thick descriptions of the data was used to enhance depend-
ability. A process of deliberate and regular reflection and discus-
sion between the researchers enhanced confirmability (33). Brief

descriptions of the researchers are included to enhance reflexivity
(34). The principal researcher (LJH) was the senior physical thera-
pist at the community rehabilitation center where the outpatient
rehabilitation program was conducted. The other researchers
(NFT, MMD, PFMC, and NS) have backgrounds as physical ther-
apists, a nurse, and an orthopedic surgeon, work at affiliated uni-
versities, have qualitative research experience, and supervised
the study.

RESULTS

Participant recruitment. Twenty-two participants were
interviewed once (Table 2). Four potentially eligible women declined
an invitation to participate and were not included. Consistent with
purposive sampling, subsequent recruitment targeted women.
Five participants were previous patients of the interviewer. Spouses
were present during 2 interviews. Three transcripts were returned
from participants with only minor clarifications to some discussion
topics. Analysis of interview transcripts to determine data satura-
tion took place after 20 interviews, which was confirmed after

Table 1. Interview guide*

Quotations

Introduction
Aim to build participant rapport
and confidence

Tell me about why you decided to have a knee replacement.

Outcomes
Aim to obtain information on
impact of knee replacement

How much physical activity you were doing before your knee replacement
surgery?

How has having a knee replacement changed your ability to be physically
active?

Tell me about the physical activities you currently do.
How does this compare to the physical activities you were doing before
the surgery?

Beliefs and knowledge of
physical activity

Aim to obtain information on
perceptions of physical activity
and knowledge of physical
activity guidelines

Why is being physically active important to you?
What health benefits, if any, do you associate with physical activity?
Howmuch physical activity do you think someone needs to do after a knee
replacement?

How much physical activity do you think you need to do for your health?
Tell me about what having rehabilitation after your knee replacement
was like.

What type of exercises did you do during the rehabilitation program?
What type of physical activities were you advised to do at home by the
rehabilitation therapists?

Thinking about your time in rehabilitation, describe things about your
rehabilitation that helped you be more active.

There are recommendations/guidelines that outline how much physical
activity people should be doing for their health. What do you know
about these guidelines?

How well are you currently meeting the physical activity
recommendations?

Tell me about any physical therapy recommendations provided by the
rehabilitation therapists.

Design
Aim to obtain information about
patients’ perceptions of
rehabilitation and changes to
rehabilitation that may impact
on physical activity

Describe what could be changed or included in the rehabilitation program
that would have helped you to be more physically active after your knee
replacement.

* The interview session began with context, during which the interviewer explained the purpose and goals of the
research project.
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2 further interviews. Interview length averaged 40 minutes (short-
est 26 minutes, longest 58 minutes). Selected quotes supporting
the emergent theme and subthemes are included in the text and
in Table 3.

Context. Most participants said they led an active life
prior to developing knee osteoarthritis. Many participants
reported they previously walked regularly, attended group exer-
cise (e.g., hydrotherapy, tai chi), or played sports. Some partici-
pants had physically active occupations (e.g., factory worker) or
led an active social life (e.g., dancing, minding grandchildren).
However, participants described that as their osteoarthritis pro-
gressed, mobility limitations increased, restricting their ability to
participate in meaningful life situations. Participants reported that
the opportunity for mobility unhindered by pain or knee joint
impairment was a key motivator to proceed with surgery.

Twenty-one participants (96%) perceived their surgery was suc-
cessful (Table 2).

In the dark about physical activity. The main theme to
emerge was that participants were in the dark about physical
activity after knee joint replacement; they had limited understand-
ing of physical activity recommendations and of the physical
health benefits of physical activity. Being in the dark influenced
participants’ understanding of physical activity, how physically
active they were (almost all participants described low physical
activity levels after knee joint replacement), and how physical
activity was prioritized.

A key barrier to physical activity after knee joint replacement
appeared to be participants’ lack of familiarity with physical activ-
ity recommendations. Most participants said they were not aware
of physical activity recommendations (prior to the recommenda-
tions being outlined in the interview) or were not able to recall the
details accurately. Consequently, the majority of participants did
not know the type or amount of physical activity required to
achieve health benefits. Seven participants correctly identified
physical activity recommendations for health benefits as
150 minutes of moderate-intensity physical activity per week
(10), but they struggled to appropriately self-apply the recommen-
dations. In particular, participants had difficulty interpreting what
was meant by “moderate-intensity” physical activity. Most partici-
pants expressed confidence they were engaging in enough
physical activity to meet recommendations. However, when par-
ticipants described the type, amount, and intensity of physical
activity they were doing, it became apparent almost all failed to
meet recommendations, as the physical activities they did were
low intensity. Further, some participants considered sedentary
activities as being physically active.

“I do sewing, art, craft. I’m busy, I’m always doing some-
thing.” (Interview 10, 80-year-old woman)

Many participants appeared to believe that as long as they
were “busy,” they were engaging in physical activity that provided
physical health benefits. Consequently, many participants overes-
timated their compliance with physical activity recommendations.

While the majority of participants were able to attribute health
benefits to being physically active, psychosocial benefits reso-
nated more strongly than physical benefits. Many participants
associated “feeling good” or “feeling better about yourself” with
physical activity. Few participants acknowledged cardiovascular
and musculoskeletal health benefits from physical activity.

“(Physical activity provides) a sense of well-being, I think.
You know, obviously being active keeps you younger for
longer and your health in better shape and your blood pres-
sure etcetera, so yeah, definitely important.” (Interview
4, 69-year-old woman)

Table 2. Participant characteristics (n = 22)*

Characteristics Values

Age, mean � SD years 70 � 8.7
Female sex 10 (45)
High school completion 13 (59)
Currently working 5 (23)
Able to access PA facilities† 21 (96)
Country of birth
Australia 9 (41)
United Kingdom 9 (41)
Germany 1 (5)
India 1 (5)
Italy 1 (5)
The Netherlands 1 (5)

White ethnicity 21 (96)
Socioeconomic disadvantage index

(national percentile)‡
51–75 16 (73)
76–100 6 (27)

Average length of interview, mean � SD minutes 40 � 10.1
Reported complications after TKR§ 5 (23)
Reported successful outcome after TKR 21 (96)
Previous THR or contralateral TKR 3 (14)
BMI, mean � SD 29.6 � 6.4
Health comorbidities per participant, mean � SD¶ 4 � 2.7

* Values are the number (%) unless indicated otherwise. BMI = body
mass index; PA = physical activity; THR = total hip replacement;
TKR = total knee replacement.
† Parks, walking tracks, sporting ovals, gyms, or public swimming
pools, etc., were considered easily accessible by participant; home
situated on flat ground.
‡ Based on participant’s suburb of residence; higher numbers indi-
cate lower incidences of socioeconomic disadvantage (e.g., scores
between 76 and 100 indicate participants live in the nation’s 25%
least disadvantaged suburbs [ref. 48]).
§ Complications after TKR included delirium, code called for acute
medical deterioration, wound infection, arthrofibrosis, tachycardia,
medication prescription error resulting in adverse reaction, and
manipulation under anaesthetic for stiff post-replacement knee
joint.
¶ Health comorbidities included respiratory, musculoskeletal, car-
diovascular, andmental health conditions, cancer, diabetesmellitus,
obesity, severe allergies, major surgeries, liver conditions, gastro-
esophageal reflux disease, subdural hemorrhage, Hashimoto’s
disease, and benign essential tremor.
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Table 3. Illustrative quotes

Theme/subtheme Illustrative quote

Context
Knee osteoarthritis restricted participation in
meaningful life situations

“I couldn’t get out and walk in the hills… and go hiking near the river… I couldn’t do
any of that. So, it was basically hobbling around the house, getting into work, doing
my day’s work and hobbling back again… I wasn’t going out and about taking the
dog for a walk every night as I used to always do. Those sort of things had to stop.”
(Interview 16, 57-year-old man)

“On holidays I’d watch other people go for a walk while I had to wait for them to come
back… Sometimes you just get worn out from the pain and you just don’t want to
be bothered, and you avoid social situations that you wouldn’t otherwise.”
(Interview 4, 69-year-old woman)

“We loved dancing, my husband and myself, so that also stopped. I couldn’t really
dance the fast dances.” (Interview 8, 64-year-old woman)

The opportunity for improved mobility was a key
motivator to proceed with total knee replacement

“In the end I had to stop going (to a regular support group) because it was upstairs,
and I couldn’t climb the stairs because of my knee. That’s when I realized how
much I needed to get out of the surgery.” (Interview 1, 64-year-old man)

“I was waddling like a duck… I was having trouble walking a couple of hundred
metres, had to stop, couldn’t do it; and getting up the stairs… was a nightmare…
Mowing the lawn (was) just agony… All I wanted was this knee fixed. That was it.”
(Interview 19, 73-year-old man)

“We travel a lot so my knee needed to be fixed because we tend to go into national
parks and hiking and stuff and I couldn’t do any of that. So yeah, I had to bite the
bullet and get the knee done.” (Interview 22, 66-year-old woman)

In the dark about physical activity
Limited knowledge of physical activity guidelines:
“What do you know about physical
activity guidelines?”

“Nothing at all.” (Interview 1, 64-year-old man)
“Nothing, not anything… It’s kinda they’re, ah, lost.” (Interview 2, 81-year-old woman)
“Nothing.” (Interviews 11 [67-year-old man], 15 [57-year-old man], 18 [80-year-old
man], and 21 [79-year-old man])

“No, I don’t know much about that. I’m not a doctor, no.” (Interview 13, 72-year-
old man)

Overestimated compliance with physical activity
guidelines

“People would do them (meet physical activity guidelines) in their normal life, I would
imagine. Just walking backwards and forwards and moving around in their jobs and
stuff. Um, yeah, it’s nothing, it’s nothing outrageous.” (Interview 11, 67-year-old man).

“I think I am moderately (intensity) active. I would end up doing more (than 30
minutes of moderate-intensity physical activity per day), and it’s all involved in
housework; what I do is in that activity.” (Interview 9, 67-year-old woman)

“Busy-ness” (low-intensity physical activities)
viewed as physical activity that complied with
physical activity guidelines

“… but you know over a day I’d do an hour, hour-and-a-half (of moderate-intensity
physical activity). I look after the house. My wife is working full-time so I do the dish
washing. I do this, I do that; that sort of thing.” (Interview 18, 80-year-old man)

“I’m just assuming that if I am busy all day I’m doing enough to qualify to be active.”
(Interview 12, 74-year-old man)

“I do sewing, art, craft. I’m busy, I’m always doing something. That’s the best way to
explain it.” (Interview 3, 75-year-old woman)

“Myself, I think I do that half an hour (of moderate-intensity physical activity per day). I
have to cook or go to do the shopping or things like that.” (Interview 13, 72-year-
old man)

Psychosocial benefits of physical activity resonated
strongly with participants

“I think it (physical activity) gives you (a) good mindset too. It makes you think better,
and I’m in a few (social) groups and I have to be on the ball.” (Interview 5, 75-year-
old woman)

“I think that just your state of mind; you’re a lot happier (when you are physically
active). You’re not worried about anything.” (Interview 20, 68-year-old man)

“If I don’t exercise or I don’t have an athletic output, I get cranky, you know, I need it!”
(Interview 3, 75-year-old woman)

People prioritize participation in meaningful life
situations after total knee joint replacement

“(My husband is) a bit older than me so there will come a time when his capabilities
won’t be there to be doing all this so for the next five years I really need to be up
and running and getting around… I need to be able to get around and do the
things we wanna do in the next five years.” (Interview 22, 66-year-old woman)

“All my ambition is that I walk properly; I then can look after my wife going on a
holiday. She has a wheelchair and she has a walker.” (Interview 7, 87-year-old man)

“Oh, I feel full of spark in that I go out, as I said most days, meet my two daughters, go
shopping. They like shopping and (laughs) lots of shopping!” (Interview 2, 81-year-
old woman)

“I was really keen to get back to life again.” (Interview 14, 52-year-old man)

(Continued)
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When participants did discuss cardiovascular or muscu-
loskeletal health benefits of physical activity, they often did
so in a way that implied these benefits were not really rele-
vant to them.

People prioritize participation in meaningful life situations after
total knee joint replacement. A subtheme was participants stated
their priority after knee joint replacement was to participate in
meaningful life situations that had been compromised or aban-
doned because of knee osteoarthritis.

“It is just really important to me to be able to do the things I
want to do in life.” (Interview 4, 69-year-old woman)

Participants prioritized participation in life situations that
restored social relationships and community engagement,
achieved life goals, and restored a sense of self-identity.

“I’ve got five kids (and) 10 grandkids…We like to go away,
we like to do things and when you go somewhere, you’ve
got to walk when you get there, like to the beach or to the
shops or to the cafes or anything, just general life.” (Inter-
view 15, 57-year-old man)

Typically, the life situations that held the most meaning after
knee joint replacement were low-intensity activities that provided
participants with a sense of independence, control, and self-
worth (e.g., minding grandchildren, gardening, attending a craft

group). A few participants placed a high value on moderate-
intensity physical activities (e.g., hiking); however, these activities
generally occurred infrequently (e.g., while on vacation) and were
closely aligned with meaningful activities participants engaged in
before the onset of their functional limitation.

“Once a month on average (I’d bushwalk with the cadets)…
It’s the cadets that’s more important to me than actually
being physically active.” (Interview 11, 67-year-old man)

None of the participants increased their physical activity
levels after knee joint replacement surgery. The 1 participant
whose reported physical activity levels met physical activity rec-
ommendations said he was motivated by returning to activities
he enjoyed.

“I would say (I’m) back to normal (after knee replacement
surgery) … I’ve always been a very active person, lots of
bushwalking, trekking, all that sort of stuff. I need to keep
myself going like that; that’s part of me.” (Interview
16, 57-year-old man)

Rehabilitation was perceived to not explicitly address physi-

cal activity levels. Another subtheme was participants did not
perceive that rehabilitation aimed to increase their moderate-
intensity physical activity. Consequently, participants did not
appear to use rehabilitation as an opportunity to evaluate the

Table 3. (Cont’d)

Theme/subtheme Illustrative quote

Rehabilitation was perceived to not explicitly
address involvement in moderate-intensity
physical activity

“But (I) take it that when they said, ‘do these exercises at home’which is just basically
the same thing (as doing moderate-intensity physical activity) I suppose really.”
(Interview 21, 79-year-old man)

“There was a little bit of ‘well, you know what you should be doing anyway’.”
(Interview 22, 66-year-old woman)

“I could see myself getting better and better, so that was (an) incentive…but it
(working towards doing more moderate-intensity physical activity) wasn’t so much
the drive of the actual staff at the rehabilitation place.” (Interview 14, 52-year-old
man)

Rehabilitation was perceived to focus on
knee impairment exercises

“I still do knee bends and squats, and I tend to integrate them into whatever I’m
doing. If I’m in the kitchen at a bench or something, I’ll start doing some knee
bends, do half a dozen squats before I leave the bench space. So, while it’s not
structured into a timetable, it’s sort of structured more into my day.” (Interview 22,
66-year-old woman)

“I did the exercises even after I’d finished (attending the rehabilitation program).
Probably took about twenty minutes in a day to do them.” (Interview 2, 81-year-old
woman)

Other health and social reasons
(e.g., pain in other body parts, fear of falling,
financial concerns) replaced knee osteoarthritis
as barriers to physical activity

“I knew I couldn’t keep going and do any exercise (at the local gym) because I had that
tear (in shoulder tendons) and until I had it repaired… But then I’ve sort of got to
watch the right knee because that’s thirteen years now since I’ve had the partial
(replacement) done on that and I’m sort of worried about how much longer I have
got left with that knee before that one wears out.” (Interview 6, 65-year-old
woman)

“I’ve got that fear that I’m going to fall over.” (Interview 9, 67-year-old woman)
“Well I think probably another thing is I’ve got to spend the money to go to the gym,
but I don’t want to buy a membership though. I think that would be a waste.”
(Interview 5, 75-year-old woman)
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extent to which their current physical activity levels provided
physical health benefits. Rather, they perceived rehabilitation
would “fix the knee” in order to optimize participation in mean-
ingful life situations.

Physical therapists were perceived to address knee impair-
ment rather than recovery of the “whole person.” Further, the
content of the rehabilitation program was described as focusing
on body structures and functions and activity limitations. For
example, almost all participants clearly recalled that physical ther-
apists advised them to continue their “knee exercises” at home,
which many participants did, sometimes for many months after
rehabilitation attendance stopped.

“I use it (printed knee exercise handout provided by rehabil-
itation program) every day… I still use it; I still take it out
every now and again and go through the (knee) exercise
routine.” (Interview 1, 64-year-old man)

On the occasions when communication from physical thera-
pists was perceived to address moderate-intensity physical activ-
ity, their messages were described as general rather than specific,
like “just do a bit more every day” or “keep active.” Although par-
ticipants acknowledged that physical therapists encouraged
walking, they said that they did not receive details around how
much walking to aim for or information about other moderate-
intensity physical activities.

“Nobody ever told me (about moderate-intensity physical
activity). They told me to be active but for how long and –

no.” (Interview 17, 74-year-old woman)

Other health and social reasons replaced knee osteoarthritis
as barriers to physical activity. A third subtheme was participants
reported that other issues now prevented them from being phys-
ically active, despite improvements in knee pain and function after
joint replacement. While many participants held the view that their
physical activity levels would likely increase in the future, they were
focused on managing other issues, most prominently, health
comorbidities. Managing pain in other body parts, other medical
conditions, and fear of falling were expressed reasons as to why
participants were not more physically active.

“I’m (dealing) at the moment (with) these hormone things;
you’re so lethargic that you don’t want to do anything,
you won’t do it, and it’s always tomorrow.” (Interview
20, 68-year-old man)

Social isolation, lack of motivation, and additional financial
costs (e.g., paying for a gym membership) were also identified
as barriers to activity.

Some participants reported that increasing physical activity
levels was for the future (e.g., part of a special event that aligned

with their life goals, like an upcoming vacation); however,
increasing their current physical activity levels did not appear to
be a priority. Participants also said that, because they had expe-
rienced a good result from their knee joint replacement, setting
aside time to commit to structured, moderate-intensity physical
activity was too difficult; they were now busy participating in
meaningful life situations they previously struggled with, like run-
ning the household.

DISCUSSION

Our qualitative study adds to the literature by exploring peo-
ple’s perceptions of and motivations for physical activity, and their
understanding of physical activity recommendations following
knee joint replacement. We found limited knowledge of key phys-
ical activity constructs may be an important contributor to low
physical activity levels after knee joint replacement. Many partici-
pants were unaware of physical activity recommendations, such
as the amount and type of physical activity needed to bring about
health benefits, or struggled to distinguish between low- and
moderate-intensity physical activity. Consequently, participants
were typically unaware that their current activity levels were low
and did not perceive an incentive to increase their physical activity
levels after knee joint replacement. As they were in the dark about
key physical activity constructs, people who may have found
meaning and fulfilment in improving their health outcomes after
knee joint replacement did not have the opportunity to set goals
around increasing their physical activity.

Health behavior theories have identified adequate know-
ledge as an important first step to implementing behavior
change. Social cognitive theory stipulates knowledge of health
risks and benefits creates the precondition for change (35). The
Theory of Planned Behavior also posits that beliefs (knowledge)
of a behavior are required to form an attitude about that behav-
ior, which directly influences the intention to carry out that
behavior (36). People who lack knowledge about how their
behaviors affect their health have little reason to put themselves
through the effort of changing their behavior (35). Consequently,
being in the dark about physical activity may explain why
moderate-intensity physical activity levels remain low after knee
joint replacement surgery.

Our findings may help inform strategies to address low phys-
ical activity levels after knee joint replacement, especially when
viewed in the context of health behavior theory. Health behavior
theory suggests that after knee joint replacement, people would
benefit from increased understanding of key physical activity con-
structs including current physical activity recommendations, what
comprises “moderate-intensity” physical activity, and health ben-
efits associated with recommended physical activity levels. Con-
sistent with our findings, after knee joint replacement, people are
likely to find messaging intended to increase knowledge about
physical activity more effective when associated with an outcome
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they find meaningful; e.g., how increased moderate-intensity
physical activity using improved knee function positively impacts
participation in meaningful life situations (such as being a grand-
parent, a gardener, or spending time with family on vacation). Fur-
ther, consumer involvement in co-designing interventions results
in information that is more likely to be relevant, readable, and
understandable to consumers (37) and can result in increased
consumer knowledge compared with usual education (38).

Involving consumers in the design of interventions that raise
awareness of physical activity recommendations and explain the
importance of increased moderate-intensity physical activity may
be more effective than interventions designed entirely by health
professionals. A recent study found an education and exercise
intervention did not increase physical activity in people with knee
or hip osteoarthritis (39). However, information sessions did not
appear to define physical activity recommendations, explain the
health benefits of moderate-intensity physical activity, include
behavior change strategies, or provide evidence of co-design,
suggesting the design of an intervention to address the physical
activity knowledge gap after knee joint replacement requires care-
ful consideration.

After knee joint replacement, participants were willing to act
on physical activity advice from physical therapists, albeit in the
context of exercises to reduce knee impairment; however, this
suggests people with knee joint replacement may change their
health behaviors when communication is clear and relates to a
meaningful outcome. We speculate that physical activity messag-
ing delivered during rehabilitation may hold more relevance and
more effectively shine a light on limited physical activity knowledge
than if delivered prior to surgery (when people’s knee pain and
functional disability are likely significant barriers to movement) or
if delivered many months after surgery (when habitual postsurgi-
cal levels of physical activity may have been established) (40).
Finally, our results indicated that rehabilitation clinicians may have
missed an opportunity to address physical activity levels by focus-
ing on knee impairment (e.g., knee range of movement or
strengthening exercises). Consequently, clinicians may benefit
from familiarizing themselves with physical activity recommenda-
tions and their relevance to people following knee joint
replacement.

Knowledge of physical activity alone, however, is unlikely to
translate to sustained engagement with moderate-intensity phys-
ical activity after knee joint replacement; health behavior theory
suggests that for behavior to change, self-efficacy is elevated
(35) or intent to perform a health behavior is strengthened (36).
Consequently, behavioral change interventions have been advo-
cated as the most effective interventions to increase physical
activity after knee joint replacement (19,41–45). However, identi-
fying behavioral change interventions that effectively increase
moderate-intensity physical activity after joint replacement is lim-
ited by a paucity of literature (40). Our results suggest that appro-
priately increasing people’s knowledge of key physical activity

constructs after knee joint replacement is initially required so the
next steps of the behavior change process (e.g., the steps that
lead to increased self-efficacy or strengthened intent to change)
can take place. For example, successfully implementing the
behavioral change intervention of motivational interviewing
(an approach that promotes self-efficacy and the development
of a behavior change action plan [46]) may be difficult if the person
remains in the dark (i.e., not in a position to form beliefs about
physical activity in the first place). It is possible that addressing
being in the dark about physical activity may be an important first
step in efforts to increase physical activity after knee joint replace-
ment; further research to test this hypothesis is required.

Strengths of this study include continued sampling until data
saturation was achieved, adherence to the COREQ reporting
framework, and a qualitative methodology that allows for clinical
application of findings. Although there was diversity in the age,
sex, and cultural backgrounds of the participants recruited, the
percentage of women (45%) was lower than the national percent-
age who have total knee joint replacement (56%) (47). Conse-
quently, our study may underrepresent the voice of women. The
study was conducted with English-speaking participants, most
of whom were White, who had attended an outpatient rehabilita-
tion program in a metropolitan setting of least socioeconomic
disadvantage. The findings may not be transferable to people
from non-English speaking backgrounds (24), rural or remote
areas, areas of socioeconomic disadvantage, or people who
have not attended outpatient rehabilitation; further qualitative
studies are needed to confirm if similar results would be found
in those populations. Additionally, there exists the potential for
bias, as the main interviewer was part of the team that delivered
therapy to 5 participants; participants may have felt uncomfort-
able discussing their rehabilitation experiences with someone
who was part of their health professional team or alternatively,
given rapport was already established in these cases, partici-
pants may have provided more depth about their experiences.
The qualitative research design aims to provide detailed under-
standing of underlying social processes and mechanisms and
to provide new theoretical models, propositions, or program
logics. This study exploring perceptions about physical activity
of people after knee joint replacement has generated a hypoth-
esis that knowledge of physical activity and its importance to
health is low; this hypothesis provides the basis for future
quantitative research.

In conclusion, after knee joint replacement, people were in
the dark about physical activity due to limited knowledge of
key physical activity constructs, which included a limited
understanding of physical activity recommendations and how to
appropriately apply them (e.g., mistaking “being busy” for
moderate-intensity physical activity) and the cardiovascular and
musculoskeletal health benefits of physical activity. Further, reha-
bilitation may not have effectively promoted increasing physical
activity levels, specifically moderate-intensity physical activity.
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Additionally, other health and social reasons replaced knee osteo-
arthritis as barriers to physical activity. Consequently, people may
remain at risk of developing cardiovascular disease after knee
joint replacement due to ongoing low levels of physical activity.
Addressing people’s limited understanding of physical activity
may be an important first step in increasing the effectiveness of
behavioral interventions designed to promote physical activity
after total knee joint replacement.
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“It’s Not My Knee”: Understanding Ongoing Pain and
Discomfort After Total Knee Replacement Through
Re-Embodiment

Andrew Moore,1 Christopher Eccleston,2 and Rachael Gooberman-Hill3

Objective. Up to 20% of people who undergo total knee replacement surgery have ongoing pain and discomfort.
The aim of this study was to understand what role the concepts of embodiment (of both having a body and experienc-
ing the world through one’s body) and incorporation (integrating something into one’s body) might have in understand-
ing experiences of pain and discomfort after total knee replacement.

Methods. We conducted semistructured interviews with 34 people who had received total knee replacement at
either of 2 National Health Service hospitals in the UK, and who had chronic postsurgical pain (n = 34, ages
55–93 years). Data were audiorecorded, transcribed, and analyzed thematically.

Results. Two main themes were identified: 1) when describing chronic postsurgical pain, some participants also
described sensations of discomfort, including heaviness, numbness, pressure, and tightness associated with the pros-
thesis; 2) participants reported a lack of felt connection with and agency over their replaced knee, often describing it as
alien or other, and lacked confidence in the knee.

Conclusion. Participants’ experiences indicate that some people do not achieve full incorporation of the prosthe-
sis. Our study emphasizes the importance of physicians treating patients as whole people and moving beyond clin-
ical and procedural ideas of success. Our findings suggest that to optimize postoperative outcomes, rehabilitation
must focus not only on strengthening the joint and promoting full recovery to tasks but on modifying a person’s
relationship to the new joint and managing sensations of otherness to achieve full incorporation of the joint or
re-embodiment.

INTRODUCTION

Total knee replacement aims to reduce pain and restore

function for people with advanced arthritis. Each year the number

of knee replacements performed in the UK is approximately

102,000 and in the US 713,000 (1,2). Total joint replacement

has been described as one of the most successful orthopedic

procedures (3,4), but this idea of success is often based on tech-

nical parameters, implant survival, or procedural outcomes such

as appearance on a radiograph. Decades of advancement in sur-

gical technique and prosthesis technology have improved recov-

ery outcomes, with fewer complications, greater pain relief, and

longer implant survival, but approximately 20% of people still

report ongoing pain and dissatisfaction after knee replacement

(5–8). This proportion is similar across the world, including in the

UK, Sweden, and Canada (9). There is often no obvious proce-

dural or mechanical explanation for poor outcomes and dissatis-

faction after joint replacement, and Lape et al suggest that

investigating the “embodied experience” of joint replacement,

that is, further understanding the relationship between the altered

body and the self, may provide further insight into why some peo-

ple struggle with continued pain and functional limitations (5).
Typically, the assessment of patient-reported outcomes after

joint replacement focuses on functional outcome and pain relief

as the main determinant of satisfaction (10). This narrow per-

spective is compounded by poor definitions of satisfaction after
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surgery (11), and there is little research on how and why some

patients express dissatisfaction with joint replacement and what

they are dissatisfied about. In their study of the meaning of satis-

faction after hand surgery, Hudak et al found that some partici-

pants spoke about their hand as if it were an object separate

from their self (“the hand was useless to me practically”) (12).
This finding led the authors to suggest that a person’s experi-

ence of dissatisfaction (or satisfaction) with treatment outcome

was linked to their experience of their own body (12).
Research drawing on social and behavioral sciences has

explored the experience of surgery that involves a prosthesis
through the concepts of embodiment and incorporation (5,12–17).
These concepts relate to the sense of connection with and agency
over one’s body and are grounded in the phenomenology of philos-
opher Maurice Merleau-Ponty (18). Embodiment refers to the expe-
rience of the body as both subject and object, such that this idea
impacts the way in which a person sees and interacts with the
world, and vice versa (18–20). Embodiment provides a way of
understanding how one experiences limits of possible action, a
sense of control, and empowerment over physical action (18,20).
In a neutral state of embodiment, self and body are experienced
as one, called the “lived body” (20). Illness, disease, and injury
can force a disengagement of self from the body, or from 1 or
more limbs, such that the body becomes “other” or alienated
(21). How one comes to talk about the body as other is important
to how one engages with rehabilitation. In chronic pain, for exam-
ple, patients can come to discuss a joint, limb, or whole body as
objectively other to the self, which is a risk for neglect, rehabilita-
tion failure, and amputation (12,22–24). Incorporation refers to
the process of integrating something into one’s body, either an
object (e.g., a prosthesis) or a habit or skill (e.g., walking) (19).
Evidence from studies on the incorporation of prosthetic limbs in
amputees suggests that a strong sense of embodiment is one of
the most crucial factors affecting functional recovery, and its

absence may impede the efficient incorporation of a prosthe-
sis (25–27).

Much of the previous literature on the incorporation of skele-
tal prostheses has focused on bodily extensions (13), or exoskel-
etal support such as wheelchairs or externally fitted prosthetic
limbs (26). There is no examination of endoskeletal alteration such
as internal prosthetic hip or knee joints, and little is known about
how embodiment experiences relate to surgical outcomes and
well-being (5). De Preester suggests that there is no direct aware-
ness of internal prostheses because unlike externally fitted limbs,
they are nondetachable, and therefore less problematic (13). We
challenge this notion, given that 20% of knee replacements
result in ongoing pain and dissatisfaction. In this study, we use
a discourse of embodiment as a lens through which to explore
patient perceptions of ongoing pain and discomfort after knee
replacement.

PATIENTS AND METHODS

We conducted a qualitative study using semistructured
interviews with people who had received a total knee replace-
ment at 1 of 2 high-volume National Health Service hospitals in
the UK. The sample was purposive and diverse and designed
to achieve data saturation, the point at which the collection
of new data becomes unnecessary, which was reached at
34 participants (28).

After knee replacement, people may continue to experience
improvements in pain and function up to 12 months postopera-
tively (29). To ensure that the sample included a diverse range of
people whose pain and function was most likely to have stabi-
lized, we approached individuals who had received their knee
replacement between 12 months and 5 years previously. After
ethical approval (15/WM/0469), a clinical team member identified
potential participants from hospital patient lists and from a patient
research cohort (the Oxford Musculoskeletal Biobank). Potential
participants were sent an information pack and screening ques-
tionnaire about knee pain and health care use. Individuals who
indicated a significant level of pain according to the Oxford Knee
Score pain subscale (30), and who said their degree of contact
with health professionals in the previous 12 months was “rare”
or “never” were invited to participate. The sampling process was
designed to enable inclusion of people with ongoing troublesome
pain but who did not consult health care, reasons for which we
have described elsewhere (31). Here we report on separate
themes from the same study that focus on embodiment and dis-
comfort. Therefore, this is not a secondary analysis, but further
analysis of the primary data. All participants provided written
informed consent to take part and for their anonymized quota-
tions to be included in peer-reviewed publications.

Data collection. Interviews were conducted in partici-
pants’ homes by an experienced qualitative methodologist (AM),

SIGNIFICANCE & INNOVATIONS
• This is the first empirical qualitative study to our

knowledge to focus on understanding poor out-
comes after knee replacement through an embodi-
ment framework.

• For people with chronic postsurgical pain after total
knee replacement, sensations of pain and discom-
fort may indicate a lack of effective incorporation
of the prosthesis.

• We have identified a previously unreported sensa-
tion of limb tightness or squeezing, which needs
further investigation.

• Future research should focus on identifying how
best to manage sensations of otherness to modify
a person’s relationship to the new joint and to
achieve full incorporation or re-embodiment.
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previously unknown to the participants. Interviews lasted between
32 and 105 minutes (mean 57 minutes) and took place from May
2016 to August 2018. A semistructured topic guide, designed in col-
laboration with the study’s patient involvement group, was used to
guide discussion about experiences of chronic pain after knee
replacement. Topic areas included characteristics of pain, timing of
pain onset and change over time, pain quality, pain duration and fre-
quency, comorbidities, self-management, and use of formal and
informal health services. We had not planned to explore embodi-
ment prior to interviewing, but by the third interview we noted that
some participants described sensations of discomfort such as
heaviness or numbness when discussing pain and some described
their knee as “alien,” “foreign,” or “not part of” themselves. In
response to these findings, the interviewer sought to elicit views
about any such sensations in subsequent interviews, if this topic
was not broached first by the participant.

Data analysis. Interviews were audiorecorded, tran-
scribed, anonymized, and uploaded to QSR NVivo 12 data man-
agement software (32). An inductive thematic analysis (33) was
undertaken in which AM assigned codes and 2 other team mem-
bers independently coded 4 transcripts, and developing codes
were discussed, refined, and then applied across the data set.
Relationships between codes were examined and codes
grouped into themes. We have previously published findings from
themes that relate to reasons for nonuse of health care services
for chronic postsurgical pain (31); in this article we present find-
ings relating to embodiment.

RESULTS

A total of 34 people participated (18 women), all of
whom had received a total knee replacement between 14 to
68 months before interview. The average age was 74 years
(range 55–93 years). See Table 1 for participant characteristics.

All participants described having pain, but 18 of the 34 indi-
viduals interviewed (53%) also described other discomforting

sensations that are the focus of this study. Two main themes
developed. When asked about the characteristics of postop-
erative pain, some participants additionally described their
knee in terms of discomfort, including sensations of heaviness,
numbness, pressure, and tightness. Participants also re-
ported a lack of connection with and control over their
replaced knee, often describing it as alien or foreign, which
can be described as disembodiment. We present these find-
ings with quotations from the interviews, so that we use the
participants’ words to describe the theme. All names are
pseudonyms.

Sensations of discomfort. Heaviness and numbness.
Some participants described their knee in terms of heaviness
and numbness, to the point of discomfort: “Compared to what I
had before I had the operation, it’s not pain, it’s discomfort…the
only way I can describe it. As I say, it’s 24/7 and it actually feels
like your mouth feels after you’ve had your teeth out. That numb-
ness and it’s heavy” (Donald). He described how the feeling of
heaviness impeded his movement: “My leg feels like it’s made of
lead. It gets heavy and I wouldn’t say it’s a sharp pain, but it’s very
uncomfortable, it’s like walking with a lead band round your leg,
you know, it’s become very heavy.” Similarly, Peter described
the sensation of heaviness as burdensome because he had to
attend to his knee in order to sleep more comfortably: “I have to
put a pillow between my legs to stop, cause it weighs a ton. Oh,
it is heavy, very heavy. If I lie in bed, I either lie on one side, I cannot
allow this leg to hit this one. I don’t know why, but it just feels so
heavy.”

Experiences of heaviness or lightness can be confusing and
challenging. However, not all participants experienced the same
sensation when asked about heaviness: “I heard somebody say
that, but I don’t find that” (Gwen).

Pressure and tightness. Other participants described a tight-
ness or pressure around the knee that restricted movement, and
which appeared to be different from descriptions of swelling or
mechanical stiffness sometimes associated with knee replace-
ment: “Yeah, it is different, it feels like someone is holding your
knees, when you move, it’s like someone is like, putting pressure
there, when I move” (Brenda). Gwen also described a tightness
around the knee that increased when she wore trousers: “I’ve
noticed that I can’t wear trousers for very long, because it feels
like a tight band around it…I find it really uncomfortable to have
anything tight around my knees.”

Peter also described feeling that he was encased: “It’s like
tightness, it’s like being encased in a very tight skin. That’s all
the area contracted down there; everything is pushing on me.”
What appears to be common in these experiences is that, unlike
tumescence (the state of being swollen), the tightness is experi-
enced as an external force, pushing on or holding the knee,
rather than a mechanical tightness emanating from within
the knee.

Table 1. Participant characteristics (n = 34)

Characteristic No.

Age group, years
55–64 6
65–74 12
75–84 12
>85 4

Sex
Male 16
Female 18

Time post-knee replacement
at interview, months

12–24 7
25–36 11
37–48 13
>48 3
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Sensations of disembodiment. Together with pain and sen-
sations of discomfort, patients’ language demonstrated a separa-
tion of the affected limb from self. Participants described
awareness of the inorganic nature of their prosthesis, which for
some precluded any idea that the prosthesis could be fully
accepted into the body: “It feels like it’s someone else in
me. [Is that how you feel about it?] Yeah, that’s how I feel about
it. Yes. It doesn’t belong to me” (Phoebe). Celia rationalized that
having a prosthesis would change a person’s experience of their
body: “When you’ve got a foreign object in you, it’s never going
to be the same again, is it? Never going to be like it was.” When
asked about the ongoing pain in his knee, Tom explained why
he thought it had not resolved, and suggested that he did not feel
connected with his “alien” knee: “Well the best way when I think
about it is to say it, I know it’s not my knee. It’s an alien knee in
there. I don’t really feel connected to it.” Wendy also objectified
the prosthesis, as not only something apart from her lived body,
but something beyond her control: “I think the physio tried her
very best, but I think it’s the knee itself probably…that knee just
wouldn’t do what it’s told to do.”

A lack of connection. Linked to the experience of strange
sensations and the idea of alienation from the knee, participants
also described how a lack of felt connection to the knee meant
their movement was no longer natural but required deliberate
attention: “If I was to walk across there now and…because
[of the dog] on the floor, whereas any normal person would walk
along and step over him, I have to stop and think about stepping
over him. My knee won’t let me do that.” Brenda shared a similar
experience: “I do trip a lot, because if there’s something on the
floor…if I think about it, I know I’ve got to lift that leg right over,
but if I don’t, I can’t lift it enough.”

Tom described his attempt to overcome the sense of a lack
of connection and how he made a conscious effort to focus on
his replaced knee: “It doesn’t feel like my knee any longer. You
have to think about everything you do with it, whereas before it
was sort of subconscious.”

The unreliable body. There was a distinction between the
sense of otherness that some participants felt, which suggests a
disruption between body and self, and a lack of “conscious
connection,” whereby some participants describe difficulty con-
trolling their knee, which could without warning result in a fall: “I
know it’s not my knee. [Your real knee?] Yeah. [But how, what’s
that sensation like?] Like you’re not connected to it fully. You
know, like when I’m baking out there this morning, I stand up
20 minutes or so, and my knees will shoot forward. They’ll do it
independently…because it’s not, it’s not consciously connected
to me. The best way I can describe it is it’s not my knee” (Tom).

Tom associated the lack of feeling in his knee and the sense
of disconnectedness as part of the same phenomenon, and like
other participants, he talked about the prosthesis as an “it,”which
being “inert” would let him down, if his focus wavered: “This one

just…as I get more and more tired, that collapse happens more
frequently. It will put me on the floor if I ignore it. And I’ve got to
be really careful…I don’t go out that often and I wouldn’t fall every
time, I go out, but I fall, you know, 2 or 3 times a week.”

Others also expressed concerns about falling and lacked
confidence in their knee: “If I was in the garden working and I
stepped over something, took a step over, I don’t seem to have
the confidence to be able to step back using this leg. I’m not con-
fident enough to use that leg” (Harriet). “I always use the stick, I
got to use a stick if we go out because I feel more confident. I
haven’t got the confidence to trust that knee because I’m fright-
ened of falling, so terrified of falling” (Jerry).

Intact limb as a prothesis: “It’s part of me now.” In
contrast to those who struggled to feel a connection with their
knee, others talked about the knee as a part of them, even
despite sensations such as heaviness: “I would say a bit heavy,
but numbness, no. Well I know it’s a false knee, because you
know up here, so. But I don’t look upon it as not my knee. It’s
replaced my knee, and it’s there to do a job for me…I don’t look
upon it as not…it’s part of me now, yeah” (Desmond). Similarly,
when it was suggested that some people did not feel like their
knee was a part of them, Ada suggested otherwise: “Mine does.
The only thing I can’t do, I can’t, if I kneel down, I find difficulty
getting up.”

DISCUSSION

While all participants in this study spoke of pain, our results
also indicate that some struggled with additional discomfort relat-
ing to the prosthesis and experienced it as alien and “other” than
the body, resulting in a lack of felt connection and confidence in
the knee. Participants’ descriptions of otherness included pres-
sure sensations, such as heaviness, which made moving the limb
a conscious and effortful action. Such sensations are often vascu-
lar in origin but normally trigger worry, worry perhaps exacerbated
by the idea of material being added, and now invisible, to one’s
body. Wemay also have identified a previously unreported sensa-
tion of limb squeezing, different from swelling, which needs further
investigation. While swelling is associated with sensations of
bursting (34), this feeling appears to be experienced as an exter-
nal force, acting upon, rather than emanating from the knee. Ott
and Maihöfner describe pressing and constricting in relation to
symptoms of complex regional pain syndrome (CRPS) (35), and
the American National Institute of Neurological Disorders and
Stroke also lists symptoms associated with CRPS, including “as
if someone were squeezing the affected limb” (36).

Our findings extend those of Gustafsson et al, who found
that some patients with knee replacement experienced their body
as unreliable, leading to falls that caused ongoing anxiety (22).
Pain and discomfort appear to be linked to a sense that the pros-
thesis is “foreign” or “alien” and participants expressed a
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disconnection from the knee that meant they struggled to perform
everyday tasks or risked falling. Similar to Hudak et al (14), this
disconnection was reflected in participants’ language. Frequent
reference to the knee as “it” implied an inertness that precluded
the possibility of connection. These separation experiences are
not neurologic, but rather expressions of a lost sense of owner-
ship (the feeling of “mineness” experienced toward a body part),
and lost agency (the experience of initiating and controlling an
action) over the extremity (37).

The prosthesis remained in the conscious awareness of
participants during movement, remaining quasi-transparent
(19), such that it did not withdraw from experience entirely, but
participants experienced movement through the knee as effort-
ful or awkward. This finding suggests that full incorporation had
not been achieved. Murray finds that user rejection of a pros-
thetic limb can be negated by perseverance in use, until negative
experiences give way to a more natural unconscious use (16).
However, if individuals have spent years with chronic joint pain,
any unconscious use may be a distant memory. As Lape et al
(5) suggest, presurgical chronic pain, instability, and untrust-
worthiness might continue to influence incorporation of the
prosthesis afterwards. However, not all participants struggled
with re-embodiment. Patients Desmond and Ada talked about
a sense of ownership, perceived the knee as part of themselves,
and focused on the functional possibilities the knee afforded
them, despite discomforting sensations. Future research might
focus on what can be learned from such experiences and
attitudes.

In terms of optimizing postoperative outcomes, our study
suggests that the interest for rehabilitation becomes not only
strengthening the joint and promoting full recovery to tasks, but
also modifying a person’s relationship with the new joint to
achieve full incorporation or re-embodiment. Multidisciplinary
rehabilitation programs for other conditions, including CRPS,
include a range of strategies to increase re-embodiment and
improve body perception disturbances (38). Enhanced or virtual
reality interventions show promise in improving body perceptions,
function, and proprioception in musculoskeletal conditions,
including knee replacement (39–41). Evidence from studies with
amputees suggests that multisensory interventions that take
advantage of brain plasticity to remap neural pathways may
improve embodiment of assistive devices (26), and more collabo-
rative research with fields such as psychoprosthetics and neuror-
ehabilitation may help to improve outcomes after surgery
(15,25,27,42,43).

This study is the first empirical qualitative study that we
know of to focus on knee replacement through an embodiment
framework. Previous literature has focused on the disruption
between the body and self after surgery (14,22,24), which con-
trasts with our work that focuses on incorporation of the
prosthesis. We also identified new aspects of sensation
(squeezing) that need to be understood more fully to provide

better knowledge of embodiment issues after knee replace-
ment. This more complete understanding could inform develop-
ment of outcome assessments that more adequately capture
these aspects of knee replacement. Future work should explore
whether sensations of discomfort and issues of re-embodiment
are present in people who do not report ongoing pain after knee
replacement. Studies might also further examine the relationship
between sensations of discomfort and pain and incorporation of
various types of joint replacement prosthesis, such as the hip or
shoulder.

A limitation of the study is that we did not collect information
on reasons for nonparticipation, but the diverse characteristics
of the sample and achievement of data saturation (28) means that
we are confident that the findings are transferable to other people
who received knee replacement in the UK. We also recognize that
health systems vary between contexts and countries, but a study
in Sweden also found that some patients lacked confidence in
their replaced knee because of a lack of embodied connection
(24). Another possible limitation is the risk that participants may
give socially desirable accounts rather than their real perspectives
(44). However, we feel that in-depth questioning revealed authen-
tic accounts and the interviewer’s nonclinical background, and
identification of participants who did not experience disembodi-
ment issues, mitigate against this possibility.

Our research extends a theoretical grounding for under-
standing re-embodiment after knee replacement, which can be
used to inform the development of appropriate outcome mea-
sures and rehabilitative interventions. Our study emphasizes the
importance of physicians treating patients as whole people and
moving beyond clinical and procedural ideas of success. A more
holistic assessment of the barriers to optimal improvement after
surgery is needed. In addition to procedural influences (surgical
skill, materials, and technique), we should consider patients’ pre-
operative expectations of surgery and recovery, including expec-
tations about the prosthesis, health coping styles, social
support, and barriers to physical rehabilitation (e.g., housing,
work demands, etc.). Careful communication and listening to
patients who experience functional difficulties with the prosthesis
may reveal a struggle to incorporate the prosthesis. Discussing
how the prosthesis feels different, and helping people to see it
as part of their body, may reduce feelings of otherness and
increase a sense of ownership and agency (5,37).

Replacing any part of the body with something inanimate
may have considerable impact, but the goal of medicine is to
restore health as far as possible. Fostering an embodiment
approach could help clinicians and researchers, in partnership
with patients, to identify rehabilitative strategies that might facili-
tate more successful incorporation of prostheses. Our focus
should not be on the absence or loss of embodiment, but on
employing a multidisciplinary approach to using the concept to
guide the development of pre-rehabilitative strategies and appro-
priate outcome measures.
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Chronic Stress and Arthritis: A Scoping Review

Sarah N. Schwetlik,1 Katherine L. Baldock,2 Catherine L. Hill,3 and Katia Ferrar4

Objective. Emerging research supports the role of chronic stress in chronic disease development. The objective
was to perform a scoping review mapping the field of research exploring relationships between chronic stress and
the development of arthritis in adult populations.

Methods. Five electronic databases were systematically searched without publication limits based on 3 key con-
cepts: stress, arthritis, and adults. Eligible qualitative studies investigated individuals’ perceived causes of arthritis;
quantitative studies investigated relationships between exposure to a chronic stressor and an arthritis presence out-
come. Articles were screened by 2 independent reviewers, and data were narratively synthesized.

Results. Of 1,819 unique records, 54 studies met inclusion criteria. Nine studies used qualitative methods, and
45 used quantitative methods. The frequency of studies increased chronologically, with half (n = 27) published since
2010. Chronic stress exposures were heterogenous; most were categorized as adverse life events (n = 22) or adverse
childhood experiences (n = 17). Self-reported arthritis was the most frequent measure of arthritis outcome (n = 26) in
quantitative studies. A majority of studies (n = 41) suggested a relationship between exposure to chronic stressors
and arthritis development.

Conclusion. Increasing study numbers in the past decademay reflect increasing awareness of the potential impact
of chronic stress in arthritis development, consistent with a biopsychosocial approach to chronic disease etiology and
management. Further research, using precise arthritis definitions, conducted within a clearly articulated pathophysio-
logic framework, is required to establish a causal relationship between exposure to chronic stressors and the develop-
ment of specific arthritis conditions.

INTRODUCTION

Osteoarthritis (OA), characterized by joint pain, stiffness, and

reduced function, is the most common form of arthritis and con-

tributes significantly to the global burden of disability (1). In con-

trast to the recent advances in management of inflammatory

arthropathies, which have made remission possible (2), effective

treatments to reduce the progression of OA are currently lacking (3).

OA has long been considered a consequence of aging and wear

and tear; however, increasing evidence demonstrates that OA is

a complex, multifactorial condition characterized by low-grade

systemic inflammation (4). This reconceptualization of OA pro-

vides opportunities to consider the broader influences on OA

development, consistent with the biopsychosocial model of

health (5).

A growing body of literature supports the framing of social

and environmental factors as chronic stressors that can create a

cumulative physiologic burden on our stress-response systems,

through processes such as allostatic load (6), leading to the devel-

opment of chronic diseases. Stress is an essential state that

mobilizes our stress-response systems via hypothalamic–pitui-

tary–adrenal (HPA) axis activation, providing increased energy

and hypervigilance to cope with perceived threats to well-being

(7,8). Physical, environmental, and psychosocial stressors arise

frequently; however, whether the situation is in fact stressful,

inducing a physiologic and behavioral response, depends on the

threat perception and other individual factors (7). Stress occurs

on a continuum: our focus is at the stressed-out end of the spec-

trum, where stress is chronic and unremitting (e.g., caregiving) or

has a lasting effect (e.g., sexual assault) and may result in
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dysfunctional stress-response systems. The ensuing systemic

physiologic dysregulation and chronic low-grade inflammation,
combined with influences of health behaviors (e.g., smoking,
physical inactivity), facilitates the development of chronic health

conditions (e.g., cardiovascular disease) (9,10) and leads to early
mortality (11,12).

The potential influence of chronic stress-related physiologic
burden on musculoskeletal health, specifically arthritis develop-
ment, has received little focus in the literature. The Boston Puerto
Rican Health Study measured allostatic load as an indicator of
chronic stress and found that increased allostatic load was asso-
ciated with arthritis (13); however, the generalizability of these
findings to other populations may be limited. Telomere length,
which is reduced in individuals exposed to chronic stressors
(14), has been linked with pain severity in OA (15). Additionally, a
trend of increased prevalence of both OA and rheumatoid arthritis
(RA) with increasing degrees of childhood difficulty has been
reported (16). The extent and nature of the field of research inves-
tigating chronic stress and arthritis is unclear; no reviews have
been identified on this topic.

For research to move forward, determining the state of the
evidence linking chronic stress with arthritis development is criti-
cal. The objectives of this scoping review were to map study char-
acteristics in terms of design, methods, publication date, and
breadth of measures used; to identify the mechanisms used to
explain relationships between chronic stress and arthritis; and,
to identify gaps in the current literature.

MATERIALS AND METHODS

Methodologic framework. This scoping review was
guided by the methodologic framework proposed by Arksey and

O’Malley (17) and furthered by Levac and colleagues (18), and
the review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews
(PRISMA-ScR) (19).

Eligibility criteria. Qualitative and quantitative peer-
reviewed studies of adult populations (age ≥18 years) were suit-
able for inclusion in the review without restrictions on publication
date. Nonhuman studies, reviews, editorials, commentaries, let-
ters, and non-English language articles were excluded.

Quantitative studies were eligible if they reported a relationship
between an upstream exposure to a chronic stressor and a down-
stream arthritis presence outcome. A priori eligible exposures
included measures of perceived stress, and single and multi-event
stressors that may potentially have a long-term deleterious effect
on stress-response systems (e.g., childhood abuse, bereavement,
workplace harassment). Upstream physiologic measures of stress-
response system dysregulation (20) were also eligible, provided
they were framed asmarkers of chronic stress. A nonexhaustive list
of such measures includes inflammatory cytokines (21), telomere
length (14), cortisol (22), and allostatic load (a composite measure
of biomarkers indicating cumulative systemic dysregulation in
response to chronic stressors) (9). Psychological conditions,
including those linked to stress (e.g., posttraumatic stress disor-
der), were considered downstream disease outcomes and were
therefore ineligible as stress exposures. Experimentally induced
stress and acute stress were also ineligible.

Eligible arthritis outcomes, determined in consultation with a
rheumatologist (CLH), included conditions such as OA, RA, and
spondyloarthritis (SpA), as well as the terms “arthritis” or “arthritis
or rheumatism.” No restrictions were placed on the measurement
of arthritis outcomes. Conditions where arthritis symptoms were
not the primary defining feature (e.g., systemic lupus erythemato-
sus), fibromyalgia, and gout were ineligible. Studies that focused
on arthritis-related symptoms (e.g., pain) without a measure of
arthritis presence were excluded. Case–control studies that used
participants with fibromyalgia, another type of arthritis, or chronic
musculoskeletal pain for comparison were excluded. Eligible
qualitative studies used a population of individuals with arthritis
(the same arthritis criteria as for quantitative studies), explored
perceived causes or contributors to the onset of arthritis, and
focused on factors that preceded arthritis onset.

Information sources. Medline, Embase, Emcare, psy-
cINFO, and Scopus databases were systematically searched by
the primary researcher (SNS), in consultation with an academic
librarian. Multiple search lines were linked to 3 main concepts:
adults, arthritis, and stress. No limitations were placed on the
search. The final search strategy for Medline is available (see Sup-
plementary Table 1, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24528/
abstract). The final database search was conducted on May

SIGNIFICANCE & INNOVATIONS
• This is the first scoping review to provide a compre-

hensive, systematic overview of research investigat-
ing the relationship between exposure to chronic
stressors and the development of arthritis.

• A majority of the 54 included studies reported a
relationship between chronic stress and arthritis;
however, the definition and measurement of key
variables were heterogenous, and clearly defined
osteoarthritis (OA) outcomes were lacking, suggest-
ing that more research is warranted to clearly
establish the role of chronic stress in the develop-
ment of arthritis conditions, specifically OA.

• Clinicians should consider the potential impact of
exposure to chronic stressors in the development
of their patients’ arthritis conditions and educate
patients accordingly, consistent with a biopsychoso-
cial approach and best practice care for chronic
pain conditions.
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16, 2018 and was rerun on May 2, 2019 and June 16, 2020 to
identify recent additional articles. Further search strategy details
can be requested from the corresponding author.

Study selection. The articles were retrieved, and dupli-
cates removed, using EndNote software (Clarivate Analytics).
Using Covidence, 2 reviewers (KLB and KF) independently
screened articles first by title and abstract, then by full-text; con-
flicts between reviewers were resolved by consensus discussion
or a third reviewer. Two reviewers manually searched reference
lists of included articles for additional potentially relevant articles.

Data charting. A data-charting table was piloted and
refined. Two research assistants independently charted the data,
which were verified against the original articles for accuracy by the
primary researcher. Discrepancies in charted data were resolved
via consensus discussion with the research team. Data regarding
study aims, population, geographic location, data collection and
analysis methods, and results were charted, as well as proposed
mechanisms linking stress and arthritis. For qualitative studies,
data regarding the interview topic and specific questions asked
were charted. For quantitative studies, exposure and outcome
definitions and measurements were charted.

To provide an overview of study quality, data were charted
for quantitative studies on the methodologic design, and for
qualitative studies on the methodologic approach and the
presence (yes/no) of ≥1 strategies employed to ensure validity
(23). A formal risk of bias assessment was not undertaken,
as it was not relevant to the key objectives of the scoping
review (19).

Summarizing of results. Study characteristics were sum-
marized with descriptive statistics and narrative synthesis to dem-
onstrate the extent and nature of research on this topic.
Qualitative and quantitative studies were reported separately. To
aid interpretation, reported quantitative stress exposure variables
and qualitative stress-related themes were allocated to a single
set of stress exposure categories. Similar stress exposure con-
cepts were grouped based on the charted data and reflecting
common categories in this field (e.g., adverse childhood experi-
ences). Arthritis outcomes were categorized according to the
measurement described (e.g., specific survey question) and
based on defined arthritis conditions where possible. The catego-
rization of all variables was led by the primary researcher (SNS) in
collaboration with the research team, all of whom have health
expertise.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram showing results of the systematic search and
screening process to identify eligible studies for inclusion in the scoping review.
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Table 1. Characteristics of included studies*

Author, year (ref.) Country
Methodologic

design/approach
Sample,

no. Sample population
Arthritis
outcome

Qualitative studies
Affleck et al, 1987 (26) US Phenomenologic 92 Patients from rheumatology practice;

University of Connecticut Health
Center

RA

Berenbaum et al, 2014 (27) France Phenomenologic 50 Age ≥18 years RA, SpA
Bergsten et al, 2009 (25) Sweden Phenomenographic 38 Age 20–60 years; from EIRA study RA
Blaxter, 1983 (29) Scotland Phenomenologic 46 Grandmothers within a group of

young families
Arthritis

Elder, 1973 (30) US Phenomenologic 160 Americans age 45–64 years; from
New Haven Survey of Joint Diseases

Arthritis

Okma-Keulen and
Hopman-Rock, 2001 (24)

Netherlands Phenomenologic 20 Women age 55–75 years OA

Strain, 1996 (31) Canada Phenomenologic 165 Random sample, community-dwelling
individuals age ≥60 years

Arthritis

Turner et al, 2007 (32) UK Phenomenologic 31 Participants age 56–84 years from a
larger arthritis self-management
program randomized controlled
trial

OA

Williams, 1986 (28) UK Phenomenologic 29 Patients age ≥26 years at Manchester
Royal Infirmary or Witherington
Hospital

RA

Quantitative studies
Afifi et al, 2013 (62) US Cross-sectional 34,226 Nationally representative, civilian

population age ≥20 years; from
NESARC-II

Arthritis

Afifi et al, 2016 (63) Canada Cross-sectional 23,395 General population age ≥18 years;
from CCHS-2012 Mental Health

Arthritis

Armenian et al, 1998 (56) Armenia Case–control NR Health Ministry employees and
families who survived 1988
Armenian earthquake

Arthritis

Baker, 1982 (33) UK Case–control C: 22
Con: 22

Females age 22–76 years; controls
randomly selected from family
doctor, age-matched

RA

Carette et al, 2000 (34) UK Case–control C: 55
Con: 165

UK EPIC study participants; cases
from NOAR, age-/sex-matched
controls

RA

Consedine et al, 2002 (75) US Cross-sectional 1,118 European American and African
American community; from larger
population study on stress and
coping in older Americans

Arthritis

Darwish and Armenian,
1987 (57)

Lebanon Case–control C: 100
Con: 100

Age 30–70 years, in Beirut; from
admissions, outpatients, and
private rheumatology clinics, age-/
sex-matched controls

RA

Gass et al, 2010 (47) South Africa Cross-sectional 1,229 Married/cohabiting women age
≥18 years, from SASH study

Arthritis

Golemati et al, 2017 (58) Greece Case–control C: 85
Con: 53

NR RA

Harris et al, 2013 (35) Australia Prospective cohort
and cross-
sectional

10,638–
12,202†

Females age 49–61 years; from
Australian Longitudinal Study on
Women’s Health

Arthritis

Hendrie et al, 1971 (36) Canada Case–control C: 21
Con: 37

Patients at Manitoba Rehabilitation
Hospital; controls were staff and
friends, attempts to match age, sex,
and class

Early PA

Husarewycz et al, 2014 (48) US Cross-sectional 34,653 Nationally representative,
noninstitutionalized, civilian
population age ≥20 years; from
NESARC-II

Arthritis

Kamiya et al, 2016 (64) Ireland Cross-sectional 6,895 General resident population age
≥50 years; from TILDA study

Arthritis

(Continued)
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Table 1. (Cont’d)

Author, year (ref.) Country
Methodologic

design/approach
Sample,

no. Sample population
Arthritis
outcome

Karatzias et al, 2015 (49) Hong Kong Cross-sectional 1,147 Hong Kong permanent residents age
≥18 years, of Chinese ethnicity

Arthritis

Keyes et al, 2013 (50) US Cross-sectional 1,054 Predominantly African Americans, age
≥18 years, living in Detroit from
DNHS study

Arthritis

Kim et al, 2015 (37) US Prospective cohort 1,517 Family caregivers of cancer survivors;
from National Quality of Life Survey
for Caregivers

Arthritis

Kopec et al, 2004 (38) Canada Prospective cohort 9,159 General population age ≥18 years;
from NPHS

Arthritis or
rheumatism

Kopec et al, 2004 (73) Canada Prospective cohort 6,571 General employed population age
18–74 years; from NPHS

Arthritis or
rheumatism

Korinek et al, 2017 (39) Vietnam Cross-sectional 405 Living in northern Vietnam commune,
age ≥18 years during Vietnam War;
from 2010 Vietnam Health and
Aging Pilot Study

Arthritis

Li et al, 2005 (40) Denmark Retrospective
cohort

314,807 Parents of children identified from
national registers; unexposed
cohort matched on family structure

RA

Luiz et al, 2018 (41) Brazil Case–control C: 115‡
Con: 203,‡
C: 60§

Con: 130§

Age ≥18 years; sourced from
rheumatology clinic; sex-/age-
matched controls were patients’
companions or attending
ophthalmology/dermatology clinics

RA, SpA

Mattei et al, 2010 (13) US Cross-sectional 1,116 Age 45–75 years and of Puerto Rican
descent; from Boston Puerto Rican
Health Study

Arthritis

Niemann et al, 2006 (76) Multinational¶ Cross-sectional 6,919 European city-dwelling general
population age ≥18 years; from
LARES study

Arthritis

Norman et al, 2006 (51) US Cross-sectional 680 English-speaking, age 18–79 years
attending primary care clinics; from
CCAP study

Arthritis

O’Toole and Catts,
2008 (71)

Australia Cross-sectional 641 Male Vietnam theater veterans; from
Australian Vietnam Veterans Health
Study

Arthritis

Post et al, 2013 (65) Multinational# Cross-sectional 968 Patients with bipolar I, II, or
schizoaffective disorder (bipolar
type); from Bipolar Collaborative
Network

Arthritis

Poyhia et al, 2001 (59) Canada Case–control C: 44
Con: 52

Females attending tertiary
rheumatology clinic; controls were
females, without musculoskeletal
complaints

IA

Romans et al, 2002 (52) US Cross-sectional 354 General population women Arthritis
Schaller and Stevens,
2015 (74)

US Prospective cohort 108,516 Nationally representative subsample
of households, age 21–65 years;
from MAPS

Arthritis

Scott et al, 2011 (66) Multinational** Cross-sectional 18,303 General population age ≥18 years;
from WMH Survey

Arthritis or
rheumatism

Scott et al, 2013 (53) Multinational†† Cross-sectional 38,051 General population age ≥18 years;
from WMH Survey

Arthritis

Sheffler et al, 2016 (72) US Prospective cohort 727 Male Vietnam War veterans, age 50–
65 years at 10-year follow-up; from
NCS-1 and NCS-2

Arthritis or
rheumatism

Simonic et al, 2013 (42) Croatia Case–control C: 45
Con: 101

Age 20–75 years; cases and controls
sourced from a dermatology
department

PsA

Spitzer et al, 2009 (54) Germany Cross-sectional 3,171 General population age 25–86 years;
from Study of Health in Pomerania
follow-up

PA and OA

(Continued)

SCHWETLIK ET AL986



Qualitative findings were considered relevant if a stress-
related theme related to the perceived causes of arthritis was
reported by at least 1 participant; charted themes and examples
were condensed to summarize the data. Quantitative study find-
ings were considered significant if at least 1 relationship between
the measured stress exposure and arthritis outcome was
reported as significant (or a P value less than 0.05).

Keywords were extracted from the charted data regarding
proposed mechanisms linking stress and arthritis, and mecha-
nisms were organized into like themes for clarity (by the primary
researcher, in collaboration with the research team). Mechanisms

were considered preconceived if reported in the article’s introduc-
tory section.

RESULTS

Selection of sources of evidence. The original system-
atic database search identified 2,140 articles, and search
updates identified a further 328 articles; 73 additional articles
were identified from the reference lists of included articles. After
removal of duplicates, 1,819 records were screened by title
and abstract, and 127 articles were eligible for full-text

Table 1. (Cont’d)

Author, year (ref.) Country
Methodologic

design/approach
Sample,

no. Sample population
Arthritis
outcome

Spitzer et al, 2013 (43) Germany Case–control C: 331
Con: 662

Patients age 20–89 years attending
Department of Rheumatology and
Clinical Immunology; from LEGEND
study; age-, marital status–, and
sex-matched controls

RA

Springer et al, 2007 (67) US Cross-sectional 2,051 From Wisconsin Longitudinal Study
1994 round

Arthritis or
rheumatism

Stein and Barrett-Connor,
2000 (55)

US Cross-sectional 1,362 General population age ≥50 years;
from Rancho Bernardo Heart and
Chronic Disease Study follow-up

Arthritis

Stickley et al, 2015 (44) Japan Cross-sectional 1,740 General population age ≥20 years;
from WMH Survey Japan

Arthritis or
rheumatism

Sweeney et al, 2015 (69) Australia Cross-sectional 391 Age 18–64 years with psychotic
disorder; from 2010 Study of High
Impact Psychosis study

Arthritis

Tietjen et al, 2010 (68) Multinational‡‡ Cross-sectional 1,348 Individuals with migraine seeking
treatment at 11 headache clinics

Arthritis

Udo, 2019 (60) US Cross-sectional 36,133 General population age ≥18 years;
from NESARC-III

Arthritis

Vedantham et al, 2001 (61) Canada Cross-sectional 342 Canadian bus drivers Arthritis
Von Korff et al, 2009 (45) Multinational§§ Cross-sectional 18,309 General population adults age

≥21 years
Arthritis or
rheumatism

Waehrer et al, 2020 (70) US Cross-sectional 110,076 Resident noninstitutionalized
population from 14 states; from
Behavioral Risk Factor Surveillance
System

Arthritis

Wesley et al, 2014 (46) Sweden Case–control C: 2,774
Con: 3,911

Age 18–70 years; from EIRA study;
age-, residence-, and sex-matched
controls selected randomly from
population register

RA

* C = cases; CCAP = Collaborative Care for Anxiety and Panic; CCHS = Canadian Community Health Survey; Con = controls; DNHS = Detroit
Neighborhood Health Study; EIRA = Epidemiological Investigation of Rheumatoid Arthritis; EPIC = European Prospective Investigation of Can-
cer; IA = inflammatory arthritis; LARES = Large Analysis and Review of European Housing and Health Status; LEGEND = Life-Events and Gene-
Environment interaction in Depression; MAPS =Medical Expenditure Panel Survey; NCS = National Comorbidity Survey; NESARC = National Epi-
demiologic Survey on Alcohol and Related Conditions; NOAR = Norfolk Arthritis Register; NPHS = National Population Health Survey; NR = not
reported; OA = osteoarthritis; PA = polyarthritis; PsA = psoriatic arthritis; RA = rheumatoid arthritis; ref. = reference; SASH = South African Stress
and Health; SpA = spondyloarthritis; TILDA = Irish Longitudinal Study on Ageing; WMH = World Mental Health.
† Cross-sectional 2001: n = 11,220; 2004: n = 10,905; 2007: n = 10,638. Longitudinal n = 12,202.
‡ RA group.
§ SpA group.
¶ France, Germany, Slovakia, Hungary, Spain, Italy, Switzerland, and Lithuania.
# Germany, Netherlands, and US.
** Belgium, Columbia, France, Germany, Italy, Japan, Mexico, Netherlands, Spain, and US.
†† Belgium, Columbia, France, Germany, Israel, Italy, Japan, Mexico, Netherlands, New Zealand, Northern Ireland, Portugal, Romania, Spain,
and US.
‡‡ US and Canada.
§§ Belgium, Columbia, France, Germany, Italy, Japan, Mexico, Netherlands, Spain, and US.
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screening. Inclusion criteria were met by 54 articles for the final
review (Figure 1).

Study characteristics. Of the 54 included studies,
45 used quantitative methods to investigate the stress–arthritis
relationship, while 9 studies used qualitative methods. Most
quantitative studies used a cross-sectional (n = 27) or case–
control (n = 11) design, and 7 studies used a longitudinal
design; there were 5 prospective cohorts, 1 mixed-methods
(prospective cohort and cross-sectional), and 1 retrospective
cohort. All qualitative studies’ methodologic approaches were
phenomenologic, except for 1 phenomenographic study. Par-
ticipants were most frequently located in North America
(US n = 15, Canada n = 7), and there were several multina-
tional studies (n = 6). Publication dates ranged from 1971 to
2020, with half (n = 27) published since 2010 (Table 1).

Qualitative studies. Of the 9 qualitative studies that
reported on individuals’ perception of the causes of their arthritis,
no study had an a priori aim specifically related to exposure to
chronic stressors. Seven studies used interviews, 1 used a life-line
interview (24), and 1 used an open-ended written question (25)
(Table 2). The arthritis populations studied were RA (n = 4)

(25–28), arthritis (n = 3) (29–31), OA (n = 2) (24,32), and SpA
(n = 1) (27); 1 study investigated and reported results for 2 sepa-
rate arthritis outcomes (27). Studies used thematic analyses to
interpret results, and all studies, except 1 (28), employed at least
1 strategy to ensure methodologic rigor (23).

Stress-related themes and specific examples of stressors
were charted for 5 studies from their investigation of the perceived
causes of RA (25–28), SpA (27), or OA (24); the current review
authors analyzed and categorized these themes as adverse life
events (24–28), work-related stressors (25,27,28), and psycho-
logical stress (27) (Table 2). One study used quotes to illustrate
the stress-related theme arising from participants’ written
responses about the cause of their RA (25): “Six years ago my
elder sister became ill and died within 12 months. It was an
extremely difficult time for me” (31 year old woman with RA,
pp. 250 [25]). Four studies did not identify any stress-related
themes among the perceived causes.

Quantitative studies. Stress exposures and measure-

ment. A specific aim related to a stress exposure and an arthritis
outcome was stated in 15 of the 45 studies (13,33–46). Quantita-
tive stress exposures were categorized by likeness into 7 labeled
categories. Most exposures were major events or traumatic

Table 2. Qualitative studies: methods, stress-related themes and stress exposure categories*

Author, year (ref.) Method
Charted stress-related themes,

examples†
Allocated stress exposure

categories‡

RA
Affleck et al,
1987 (26)

Interview asking about beliefs, theories, or
hunches about the cause

Psychological stress; e.g., traumatic
events, life strains

Adverse life events

Berenbaum et al,
2014 (27)§

Semistructured interview asking thoughts on
possible causes, what may have triggered it or
be responsible

Psychological factors; e.g., stress,
overwork, distressing life event

Adverse life events;
psychological stress;
work-related stressors

Bergsten et al,
2009 (25)

One open-ended question in written
questionnaire asking ideas about cause

Overloaded circumstances; e.g.,
work-related mental strain,
suffering, family death

Adverse life events; work-
related stressors

Williams, 1986 (28) Semistructured interview, asking beliefs about
the causes

Stress/life-crisis; e.g., long-term
mental strains, redundancy

Adverse life events; work-
related stressors

SpA
Berenbaum et al,
2014 (27)§

Semistructured interview asking thoughts on
possible causes, what may have triggered it or
be responsible

Psychological factors; e.g., stress,
overwork, distressing life event

Adverse life events;
psychological stress;
work-related stressors

OA
Okma-Keulen and
Hopman-Rock,
2001 (24)

Life-line interview asking about causes and
events at the time of symptoms

Too much stress; e.g., stressful
events

Adverse life events

Turner et al,
2007 (32)

Semistructured interview (no description of
questions/ topics)

No stress-related theme –

Arthritis
Blaxter, 1983 (29) Interview about attitudes and beliefs (no specific

questions about cause)
No stress-related theme –

Elder, 1973 (30) Interview, asking beliefs about cause No stress-related theme –

Strain, 1996 (31) Interview, asking thoughts on cause of
symptoms initially and current views

No stress-related theme –

* OA = osteoarthritis; RA = rheumatoid arthritis; ref. = reference; SpA = spondyloarthritis.
† Themes and examples extracted from individual studies; summarized by the review authors.
‡ Categories allocated by review authors.
§ Study had 2 valid arthritis outcome categories.
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Table 3. Quantitative studies: exposure and outcome variable categories and measurement*

Stress exposure
Arthritis outcome
measurementAuthor, year (ref.) Details Time Measurement

Prospective cohort studies
Adverse life events
Kim et al, 2015 (37) Subjective

caregiving stress
At baseline 4-item stress overload subscale; Pearlin

Stress Scale
Arthritis: SR; receiving
care/medication

Adverse childhood
experiences

Kopec and Sayre,
2004 (38)

Childhood trauma Child/
teenager

7 questions about negative experiences Arthritis or rheumatism:
SR diagnosed

War-related stressors
Sheffler et al, 2016 (72) Wartime combat

exposure
Lifetime Single survey question Arthritis or rheumatism:

SR prev. 12 months
Work-related stressors
Schaller and Stevens,
2015 (74)

Involuntary job loss Since prev.
interview

Single survey question Arthritis: SR

Kopec and Sayre,
2004 (73)

Psychological work-
related stress

Current 12-item Job Content Questionnaire Arthritis or rheumatism:
SR diagnosed, lasting
>6 months

Mixed: prospective cohort
and cross-sectional
studies

Psychological stress
Harris et al, 2013 (35) Psychological

stress: 10
domains

Prev.
12 months

Perceived Stress Scale Arthritis: SR diagnosed/
treated prev. 3 years

Retrospective cohort studies
Adverse life events
Li et al, 2005 (40) Death of child Lifetime Parents identified through national

register
RA: WHO ICD- 8/ICD-10
codes

Case–control studies
Adverse life events
Armenian et al,
1998 (56)

Losses (family,
house, goods) or
injuries, due to
earthquake

≤4 years since
earthquake

Personal loss score created from survey Arthritis: SR

Baker, 1982 (33) Life events 1 year prior to
onset

Life events survey; part of psychiatric
interview

RA: rheumatologist
diagnosed; ARA
criteria

Darwish and Armenian,
1987 (57)

Emotional (life
events), family
and occupation
stressors

Prior to onset Life event checklist, family environment
scale, 10-item Manual of Social
Psychologic Assessment

RA: case records/
rheumatologist
diagnosed; ARA
criteria

Golemati et al, 2017 (58) Stressful life events 1 year prior to
diagnosis

Life Experiences Survey RA: diagnosed; ACR
criteria

Wesley et al, 2014 (46) Life events
(15 types)

Prev. 5 years Survey about 15 life events RA: diagnosed; ACR
1987 criteria

Hendrie et al, 1971 (36) Life change events ≤3 years prior
to onset

43-item Rahe Social Readjustment Scale Early PA: objective joint
disease <6 months;
≥3/5 criteria

Poyhia et al, 2001 (59) Psychological
trauma

NR History of traumatic event IA: NR†

Adverse life events and
ACEs

Carette et al, 2000 (34) 1. Life events
2. ACEs

1. Lifetime
2. <17 years

Questionnaire: HLEQ RA: ARA 1987 criteria

Simonic et al, 2013 (42) Negative life
experience:

1. Early childhood
2. School age
3. Adolescence
4. Adulthood

Age in years:
1. 0–6
2. 7–12
3. 13–18
4. ≥19

42-item questionnaire: TAQ PsA: diagnosed by
dermatologist/
rheumatologist

(Continued)
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Table 3. (Cont’d)

Stress exposure
Arthritis outcome
measurementAuthor, year (ref.) Details Time Measurement

Adverse childhood
experiences

Spitzer et al, 2013 (43) Childhood trauma NR Questionnaire: CTQ RA: diagnosed age
>16 years; ARA 1987
criteria

Luiz et al, 2018 (41) Adverse childhood
events

NR ACE Study questionnaire RA: SpA 1987 ACR RA
criteria, ASAS criteria

Cross-sectional studies
Adverse life events
Gass et al, 2010 (47) Domestic violence Most recent

relationship
Single question: partner’s violent behavior
frequency

Arthritis: SR prev.
12 months

Husarewycz et al,
2014 (48)

Traumatic
experiences

Lifetime 27-item traumatic experiences survey Arthritis: SR diagnosed

Karatzias et al, 2015 (49) Adverse life events Lifetime Multi-item adverse life event survey Arthritis: SR diagnosed
Keyes et al, 2013 (50) Potentially

traumatic events
Lifetime 19-item survey of traumatic events Arthritis: SR diagnosed

Norman et al, 2006 (51) Trauma history Lifetime 9 trauma types listed in CIDI Arthritis: SR diagnosed
Scott et al, 2013 (53) Potentially

traumatic events
Prior to onset Questions about 27 events from CIDI Arthritis: SR diagnosed

Stein and Barrett-
Connor, 2000 (55)

History of sexual
assault

Lifetime Sexual assault questionnaire, based on
LAECA study

Arthritis: SR

Udo, 2019 (60) History of
incarceration

Lifetime Single survey question Arthritis: SR diagnosed
prev. 1 year

Vedantham et al,
2001 (61)

Trauma exposure
without PTSD

Lifetime French SR version of PTSD interview Arthritis: SR

Spitzer et al, 2009 (54) Trauma without
PTSD

NR PTSD module; structured clinical interview
DSM-IV

PA or OA: SR prev.
12 months

Adverse life events and
ACEs

Romans et al, 2002 (52) Sexual/physical
abuse:

1. Childhood
2. Adult

In years:
1. <16
2. >16

Multi-item survey about nature and
frequency of abuse

Arthritis: SR prev.
12 months

Adverse childhood
experiences

Afifi et al, 2013 (62) 1. Harsh physical
punishment

2. Any
maltreatment

<18 years Questions adapted from ACE study Arthritis: SR diagnosed

Afifi et al, 2016 (63) Physical abuse,
sexual abuse,
exposure to IPV

<16 years Questionnaire: CEVQ Arthritis: SR diagnosed

Kamiya et al, 2016 (64) Child sexual abuse <18 years 2 questions from Stressful Life Events
Inventory

Arthritis: SR diagnosed

Post et al, 2013 (65) Childhood
adversity

NR tCAS score Arthritis: SR

Sweeney et al, 2015 (69) Childhood trauma
and/or adversity

<18 years Survey; classified by national guidelines Arthritis: SR

Tietjen et al, 2010 (68) Childhood
maltreatment

<18 years 28-item questionnaire: CTQ Arthritis: SR diagnosed

Waehrer et al, 2020 (70) Adverse childhood
experience (8
types)

<18 years Survey: 11 questions based on ACE Study Arthritis: SR diagnosed

Scott et al, 2011 (66) Childhood family
adversities

<18 years Multi-item survey; meets specific criteria Arthritis or rheumatism:
SR

Springer et al, 2007 (67) Child physical
abuse

<17 years Questions based on CTS Arthritis or rheumatism:
SR diagnosed

Stickley et al, 2015 (44) Childhood
adversity
(11 types)

<18 years Survey: NCS-R measures, FH-RDC,
modified CTS

Arthritis or rheumatism:
SR

(Continued)
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experiences, such as experiencing violence, sexual abuse, being
incarcerated, or immediate family bereavement; these were catego-
rized as adverse life events (n = 22) (33,34, 36,37,40,42,46–61), or if
they specifically referred to events occurring in childhood or
before age 18 years, adverse childhood experiences (n = 17)
(34,38,41–45,52,62–70) (Table 3). Three studies measured both
adverse life events and adverse childhood experiences and ana-
lyzed these exposures separately (34,42,52). Other studies mea-
sured stress exposures categorized as war-related stressors
(n = 3) (39,71,72), work-related stressors (n = 2) (73,74), psycho-
logical stress (n = 2) (35,75), environmental stressors (n = 1) (76),
or physiologic measures of chronic stress (n = 1) (13). Two stud-
ies measured a stress exposure objectively (child death registry
data [28] and allostatic load [13]); the remaining 43 studies
used self-reported measures, most frequently a multi-item
survey or questionnaire (n = 36) (33–39,41–46,48–58,61–
63,65–68,70,71,73,75,76).

Arthritis outcomes and measurement. Arthritis outcomes
were defined variably between studies, with 8 arthritis catego-
ries emerging (Table 3). A majority used the umbrella labels
“arthritis” (n = 26) (13,35,3739, 47–53,55,56,60–65,68–71,74–
76) or “arthritis or rheumatism” (n = 7) (38,44,45,66,67,72,73).
The most common specific arthritis outcome was RA (n = 8)
(33,34,40,41,43,46,57,58). Other arthritis outcomes were SpA

(n = 1) (41), psoriatic arthritis (n = 1) (42), polyarthritis and OA
(n = 1) (54), inflammatory arthritis (n = 1) (59), and early polyarthri-
tis (n = 1) (36). One study measured 2 arthritis outcomes sepa-
rately (RA and SpA) (41). “Arthritis” and “arthritis or rheumatism”
outcomes were determined using self-reported measures. Con-
versely, RA was usually measured using defined criteria (77) and
confirmed by a rheumatologist. The exception was 1 retrospective
cohort study, which used World Health Organization International
Classification of Diseases codes (78) to define RA (40).

Results. Thirty-six of the 45 quantitative studies had at
least 1 significant finding to suggest a relationship between a
stress exposure and an arthritis outcome (13,33–35,37–
39,42,43,45,46,48–51,53–57,59,60,62–72,74–76). Figure 2
shows the results of quantitative studies by category of stress
exposure and arthritis outcome.

Postulated mechanisms linking stress and arthritis.
A preconceived hypothesized mechanism linking stress with
arthritis was articulated in 7 quantitative studies (36,40–
43,45,57) and none of the qualitative studies (Table 4). Posited
mechanisms included HPA axis or stress-response dysregu-
lation (40–42,45), chronic inflammation (43), altered immune
reactivity (36), and psychological factors (57). Of the 35 quantita-
tive studies that found a significant relationship between stress

Table 3. (Cont’d)

Stress exposure
Arthritis outcome
measurementAuthor, year (ref.) Details Time Measurement

Von Korff et al, 2009 (45) Childhood family
adversity (11
types)

<18 years Survey: NCS-R measures, FH-RDC,
modified CTS

Arthritis or rheumatism
SR, onset age
>20 years

War-related stressors
Korinek et al, 2017 (39) Vietnam War–

related trauma,
family stressors

During/after
war

Multi-item survey Arthritis: SR, at least
"more or less serious"
disability

O’Toole and Catts,
2008 (71)

Combat exposure NR 21-item scale Arthritis: SR; WHO ICD-9
code

Psychological stress
Consedine et al,
2002 (75)

Stress experienced
in 10 target areas

Lifetime Stress scale from National Survey of Black
Americans

Arthritis: 9 symptoms;
using CARE
instrument

Physiologic measures of
chronic stress

Mattei et al, 2010 (13) Allostatic load Current Composite score of 10 biomarkers Arthritis: SR
Environmental stressors
Niemann et al, 2006 (76) Noise-induced

annoyance
Prev. 12
months

5-point annoyance scale; 5 noise sources Arthritis: SR diagnosed

* Studies are organized within the table at several levels: 1. Study design, with high-quality study designs listed first (93), 2. Stress exposure cat-
egory (allocated by review authors), 3. Arthritis outcome category (allocated by review authors). ACE = adverse childhood experience;
ACR = American College of Rheumatology; ARA = American Rheumatism Association; ASAS = Assessment of Spondyloarthritis interna-
tional Society; CARE = Comprehensive Assessment and Referral Evaluation; CEVQ = Childhood Experiences of Violence Questionnaire;
CIDI = Composite International Diagnostic Interview; CTQ = Childhood TraumaQuestionnaire; CTS = Conflict Tactics Scale; DSM-IV = Diagnostic
and Statistical Manual of Mental Disorders 4th edition; FH-RDC = Family History Research Diagnostic Criteria Interview; HLEQ = Health and Life
Experiences Questionnaire; IA = inflammatory arthritis; IPV = intimate partner violence; LAECA = Los Angeles Epidemiologic Catchment
Area Study; NCS-R = National Comorbidity Survey Replication; NR = not reported; OA = osteoarthritis; PA = polyarthritis; prev. = previous;
PsA = psoriatic arthritis; PTSD = posttraumatic stress disorder; RA = rheumatoid arthritis; ref. = reference; SpA = spondyloarthritis; SR = self-
reported; TAQ = Trauma Antecedents Questionnaire; tCAS = Total Childhood Adversity Score; WHO ICD = World Health Organization Interna-
tional Classification of Diseases.
† Polymyalgia rheumatica, RA, seronegative arthritis, or SpA.
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and arthritis, 10 discussed possible mechanisms to explain the
relationship (33,35,38,42,43,45,46,50,56,64) (Table 4). These
most commonly related to HPA axis or stress-response dysregu-
lation (35,42,43,45,46,64). Two studies posited musculoskeletal
factors, such as joint injury (50) and postural changes (38). A fur-
ther 2 studies that did not find a relationship still discussed possi-
ble mechanisms by which stress may influence the development
of arthritis (36,41). None of the qualitative studies that reported
stress-related themes in the perceived causes of arthritis dis-
cussed possible mechanisms to explain this finding.

DISCUSSION

This scoping review included 54 studies that investigated the
relationship between chronic stress and the development of
arthritis in adult populations, highlighting a large volume of litera-
ture across a wide range of health-related fields (e.g., clinical sci-
ence and social science), study designs, and methods.
Significant heterogeneity exists in the definition and measurement
of stress and arthritis variables; despite this heterogeneity, most
studies had findings suggestive of a relationship between expo-
sure to chronic stressors and the development of arthritis.

Stress and its implications for health and well-being have
been a major focus of sociologic research for half a century
(79,80). However, the influence of chronic stressors, including
social and environmental determinants, on physical health is still
a relatively new concept in mainstream medicine. The chronology
of included studies indicates a recent surge in the investigation of

relationships between stress and arthritis. More widespread
acceptance of biopsychosocial models of health (81,82), increas-
ing evidence connecting stress and chronic disease (20), and the
establishment of plausible physiologic mechanisms, such as the
allostatic load framework (6), may be contributing to increasing
awareness. The reconceptualization of OA (4) as a low-grade
inflammatory disease (83) and emerging evidence of OA pheno-
types, such as metabolic OA (84), may also be playing a
role; more clinicians and researchers may be considering non-
biomechanical factors influencing OA development. However,
the large number of included studies using population data sets
with multiple health outcomes, and the lack of studies with spe-
cific arthritis-related aims, suggests that, while interest in stress
and health is growing, there does not appear to be a strong
movement to investigate stress and arthritis specifically. This
gap could explain why this body of literature has gone largely
unnoticed until now.

This review’s findings indicate that at least some individuals
with arthritis believe stress contributed to its development. Inter-
estingly, stress-related themes were reported across the publica-
tion timeline, suggesting that beliefs that stress is related to
arthritis development have existed among the arthritis population
for >30 years. Practicing clinicians should validate these com-
monly held perceptions and explore the role of potential stressors
in their patients’ histories as part of patient-centered care. These
patient perspectives appear to be supported by a trend of find-
ings of the quantitative studies included in this review, suggesting
that further investigation is warranted.

Figure 2. Results of quantitative studies by stress exposure category and arthritis outcome. Green indicates significant relationships and red
indicates no significant relationships. The size of the circle indicates the number of studies. IA = inflammatory arthritis; OA = osteoarthritis; PA =
polyarthritis; PsA = psoriatic arthritis; RA = rheumatoid arthritis; SpA = spondyloarthritis; * = study had 2 valid exposure categories; ^ = study
had 2 valid arthritis outcomes categories.
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A range of arthritis outcomes were employed, with the defini-
tion and measurement of arthritis appearing to be closely related
to study design. Case controls mainly investigated inflammatory
arthropathies, particularly RA, whereby study design facilitated a
confirmed diagnosis according to clinical criteria. In contrast, the
frequency of generic self-reported arthritis outcomes appears
reflective of the volume of population-level studies. Interestingly,
several studies appeared to categorize their outcome as OA
(49,66) or generalize results to OA (35,45), even though the mea-
surement tool only referred to arthritis. This finding supports this
review’s decision to use the measurement tool described in
the individual studies’ Methods sections to categorize arthritis
outcomes; due to substantial differences in pathogenesis and
pathophysiology, stress may have disparate effects on the devel-
opment of different arthritis conditions. The lack of specificity with
self-reported arthritis outcomes may make determining the true
relationship between chronic stress and OA difficult.

This scoping review identified a broad range of chronic stress
exposures. Almost all exposures were self-reported, which may
be influenced by social desirability (85) and recall biases (86). Ret-
rospectively recalled childhood adversities appear to be more
strongly predictive of self-reported adverse health outcomes
(86), suggesting that how an individual perceives their past may
be an important influence on perceptions of current health, but
documented adverse experiences in childhood that are not
recalled still have negative effects on health (86). Chronic
stressors, including adverse childhood experiences (87), resid-
ing in a low-income neighborhood (88), and socioeconomic
disadvantage (89), are associated with higher allostatic load,
the only objective physiologic measure of chronic stress
reported. Allostatic load is measured using a composite index
of upstream biomarkers, indicating the extent of physiologic
dysregulation of an individual’s stress-response systems (9),
and has been shown to predict multiple adverse health out-
comes, including cardiovascular disease (9), cognitive decline
(90), periodontal disease (10), frailty (91), and mortality
(11,92). The strength of allostatic load as a conceptual frame-
work lies in its ability to explain the influence of social and envi-
ronmental determinants at a physiologic level, drawing
together the cumulative and nonlinear effects of chronic stress
across multiple interconnected biologic systems, which, in
turn, impact health and well-being. One study included in this
review measured allostatic load and found a significant rela-
tionship between allostatic load and arthritis (13). Additionally,
several studies discussed allostatic load (35,45), or the related
concepts of HPA axis and stress-response dysregulation
(35,38,41–43,45,46,56,64), as mechanisms by which various
stressors may be related to the development of arthritis.

This is the first scoping review that has systematically exam-
ined and characterized the field of research investigating the rela-
tionship between exposure to chronic stressors and the
development of arthritis. The findings are strengthened by

Table 4. Proposed mechanisms to explain stress-arthritis
relationship*

Arthritis outcome Proposed mechanism†

HPA axis/stress-response
dysregulation‡

Arthritis HPA axis; low cortisol (64)
Allostasis; neuroendocrine and
immune pathways; HPA axis;
cellular aging (35)

Arthritis or rheumatism Hormonal pathways; altered stress
responses (38)

Homeostatic systems§; allostatic
load§; proinflammatory
cytokines§; neuroimmune
interactions§; HPA axis§ (45)

RA Inflammatory response; immune
system activation; HPA axis; ANS;
elevated cortisol; glucocorticoid
receptor sensitivity (46)

HPA axis; ANS; neuroendocrine-
immune networks (43)

Immune dysregulation§;
neuroendocrine dysregulation§
(40)

RA, SpA Dysregulated stress responses§;
HPA axis§; immune changes§;
immune cell aging§; immune cell
gene expression§; cortisol;
cytokines; telomere length (41)

PsA Immune system§; stress-responsive
system§; neuropeptides§; HPA
axis; inflammation (42)

Altered immune reactivity‡
RA Modified immune reactions; reduced

resistance to viruses (33)
Early PA Immunologic reactivity§ (36)

Chronic inflammation‡
Arthritis Chronic inflammatory processes;

cytokines; inflammatory
markers (50)

RA Proinflammatory state§ (43)
Psychological factors‡
Arthritis Adverse behaviors; psychosocial

processes (35)
RA Personality characteristics§;

physiologic disturbances§;
psychosocial effect§ (57)

Psychosomatic hypothesis (33)
PsA Lack of emotional regulation (42)

Musculoskeletal factors‡
Arthritis Assault and violence; joint injury (50)
Arthritis or rheumatism Changes in posture or muscle

tone (38)
Pain processing changes‡
Arthritis Differential pain perception (56)
Arthritis or rheumatism Increased susceptibility to

pain (38)

* ANS = autonomic nervous system; HPA = hypothalamic–pituitary–
adrenal; PA = polyarthritis; PsA = psoriatic arthritis; RA = rheumatoid
arthritis; SpA = spondyloarthritis.
† Mechanism keywords extracted from charted data of individual
studies by the review authors.
‡ Mechanisms were interpreted and categorized by the review
authors.
§ Preconceived concept articulated in introduction of the
study.
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adherence to the PRISMA-ScR guidelines (19), ensuring metho-
dologic rigor and reproducibility of results. A comprehensive, sys-
tematic, and transparent search strategy was conducted, and the
inclusion of both qualitative and quantitative studies provides a
broad overview of the literature.

Many included articles did not include “arthritis” as a key-
word, and even though the research team took a conservative
approach, possibly some potentially relevant studies were not
captured. Included exposures were interpreted by the research
team as chronic stressors, leaving some potential variability in
replicating this review. Several included studies sampled popula-
tions from the same data set, including the studies EIRA (25,46),
NPHS (38,73), NESARC-II (48,62), and the WMH Survey
(44,53,66). While these studies measured different stress expo-
sures, arguably, according to allostatic load theory, they are mea-
suring aspects of the same broader construct.

The nature of this scoping review design constrains conclu-
sions being drawn about the relationship between chronic stress
and arthritis development, although the significant findings of a
majority of included studies are consistent with other research
indicating the adverse health effects of chronic stress. Few quan-
titative studies have used a high-quality study design (93) to
answer the research question. However, if we focus on studies
with more robust methodologic designs, 5 of the 6 prospective
cohort studies found a relationship between stress and arthritis.
Notably, these studies used self-reported “arthritis” or “arthritis
or rheumatism” outcomes. This finding suggests that further
research investigating relationships between chronic stress and
the development of specific forms of arthritis is warranted using
high-quality prospective longitudinal data. Clear definitions of
arthritis conditions according to pathophysiology would be bene-
ficial to determine the effect of chronic stress on the development
of different types of arthritis. Given the significant contribution of OA
to the global burden of disease (1), clearly establishing what, if any,
role chronic stress plays in relation to OA development is essential.
Future research should consider multiple measures of chronic
stress to capture the stress construct comprehensively. Such
research should be conducted within a clearly articulated frame-
work that links exposure to chronic stressors and arthritis develop-
ment and ideally should include objective measures that represent
the postulated physiologic mechanism, such as allostatic load.

Although preliminary, the evidence presented in this scoping
review indicating links between chronic stress and the develop-
ment of arthritis should prompt clinicians, researchers, and
policy-makers to reexamine their current concept of arthritis
development and ensure that they are embracing a biopsychoso-
cial model. Major changes in preventive health strategies and
management will be needed at both the clinical and systems
levels to avoid significant escalations in the disease and economic
burden of OA. The reconceptualization of OA with a new empha-
sis on inflammation is greatly welcomed; however, the predomi-
nant focus remains on pathophysiology, or the biologic aspect of

the biopsychosocial model. Psychological and social factors con-
tributing to OA development must be wholly incorporated into cli-
nicians’ concept of the condition; effective management relies on
clinicians giving due consideration to each of these 3 interdepen-
dent dimensions (81).

Viewed together with increasing evidence demonstrating the
deleterious effects of exposure to chronic stressors and allostatic
load on health, a history of potentially stressful experiences and
patient-reported stress should be considered risk factors for
future adverse health outcomes, which may include arthritis. Pro-
viding patients with education about the role that stress may play
in developing and maintaining clinical symptoms of arthritis, and
referring patients to appropriate management (e.g., cognitive-
behavioral therapy), is consistent with best-practice biopsycho-
social health care for chronic pain (81,82). We may even find that
some patients are not surprised by this news, already having
beliefs and first-hand experience about the negative impact of
stress on their health and arthritis.
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Bridging the Gap Between Symptom Onset and Diagnosis
in Axial Spondyloarthritis

Laura Passalent,1 Kala Sundararajan,2 Anthony V. Perruccio,1 Christopher Hawke,3 Peter C. Coyte,4

Claire Bombardier,5 Jeff A. Bloom,2 Nigil Haroon,1 Robert D. Inman,1 and Y. Raja Rampersaud1

Objective. To evaluate a stratified screening process for the early identification of axial spondyloarthritis (SpA) with
consideration of the following: 1) wait times from primary care to rheumatology screen, 2) incremental precision and
accuracy from primary care to rheumatology screening, and 3) diagnostic delay.

Methods. Adults with low back pain attending primary care at low back pain clinics prospectively underwent a pri-
mary standardized clinical screening. Patients with low back pain of >3 months who experienced symptom onset at
age <50 years were referred for a comprehensive secondary screening by a physical therapist with advanced rheuma-
tology training. At secondary screening, patients with features of inflammation were classified as being at a low,
medium, or high risk for axial SpA versus no risk for axial SpA. Precision and accuracy of this screening strata were
measured against a rheumatologist with expertise in axial SpA.

Results. Overall, 405 patients underwent primary and secondary screening in the present study. The study cohort
had a mean � SD age of 36.9 � 9.9 years, and 55%were women. HLA–B27 was present in 14.4% of patients. Median
wait time from primary screening to secondary screening was 15 days. Axial SpA risk assignment by rheumatologist
was 64.9% for no risk or low risk for axial SpA and 35.1% for medium risk or high risk for axial SpA. The best combina-
tion of sensitivity (68%), specificity (90%), positive predictive values (80%), and negative predictive values (84%) was
evident in the secondary screening. In this cohort, 15.6% of patients received a final diagnosis of axial SpA. Median
low back pain duration from symptom onset to diagnosis was 2 years for nonradiographic axial SpA and 7 years for
ankylosing spondylitis.

Conclusion. A stratified interprofessional screening process can facilitate rapid diagnosis of persistent low back
pain with high precision and accuracy in patients who have axial SpA.

INTRODUCTION

Early detection of axial spondyloarthritis (SpA) is critical. The

inflammatory processes associated with this form of spinal arthri-

tis can cause significant pain, stiffness, and fatigue and may result

in irreversible structural damage, loss of function, and decreased

quality of life (1–3). Arriving at a diagnosis of axial SpA is associ-

ated with delays ranging from 6 to 9 years (4,5) due to a lack of

pathognomonic clinical features and the requirement of definitive

radiographic evidence of ankylosing spondylitis. This has led to

classification of nonradiographic axial SpA based on the presence

of inflammatory back pain (IBP) and inflammatory changes of the

spine or sacroiliac joints on magnetic resonance imaging (MRI) (6).
Current management of axial SpA includes combinations of

nonpharmacologic and pharmacologic treatments (7). In recent

years, treatment with biologic agents has revolutionized axial
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SpA management, with marked improvement in clinical and

radiological features, especially with earlier initiation (8–10). Early

detection and personalized management of axial SpA are para-

mount to ensuring better clinical outcomes. Unfortunately, timely

access to rheumatology care has proved challenging within the

Canadian health care system and other jurisdictions across the

globe (11–13). A survey of rheumatologists in the province of

Ontario (the largest province in Canada) identified a rate of 1.2

rheumatologists per 100,000 residents (14). Furthermore, 68%

of the reporting rheumatologists indicated their practice volumes

continue to increase (14). A recent study of patients with systemic

inflammatory arthritis found wait times from primary care to spe-

cialty care exceeded benchmarks established by the Canadian

Rheumatology Association, which recommends patients with

suspected axial SpA be assessed by a rheumatologist within

3 months of referral from primary care (15–17).
There have been several models of care proposed to

improve access to rheumatology care. One model leverages
non-physician health care providers (physical therapists, occupa-
tional therapists, and nurses with advanced arthritis skills and
training) working in expanded scope roles for triage patients with
suspected rheumatic disease (18–20). A systematic review by
Desmeules et al showed advanced practice physical therapists
provided equal or better care compared to usual care pathways
with respect to diagnostic accuracy, treatment effectiveness,
use of health care resources, economic costs, and patient satis-
faction for patients with musculoskeletal disorders (21).

Recently, an interprofessional approach to axial SpA screen-
ing has been added to a primary care low back pain program (22).
This axial SpA model of care uses extended-scope practitioners
who are certified advanced practice physical therapists in arthritis
care (23,24) to screen primary care patients for axial SpA. A
recent evaluation of the model found comparable interobserver
agreement and confidence between the extended-scope practi-
tioners and expert rheumatologists in the identification of patients

with axial SpA (25), enabling appropriate interprofessional
assessment in a timely manner.

To date, no study has assessed the clinical utility of an axial
SpA interprofessional model of care or its impact on access to
rheumatology care and early detection of axial SpA. The aim of
the present study was to evaluate a stratified interprofessional
screening process for the early identification of axial SpA in
patients who have persistent or unmanageable low back pain.
Objectives of the present study were as follows: 1) measure refer-
ral wait times from primary care to rheumatology screening, 2)
evaluate the interobserver agreement of risk assignment for axial
SpA between the extended-scope practitioner and rheumatolo-
gist, 3) determine the clinical utility of a stratified screening pro-
cess from primary care to rheumatology care, and 4) measure
the diagnostic delay of axial SpA by a rheumatologist.

PATIENTS AND METHODS

Study design. This was a prospective observational study
approved by the University Health Network Research Ethics
Board. Patients ages ≥18 years with back-dominant pain were
seen through the Interprofessional Spine Assessment and
Education Clinics (ISAEC) program (22). The ISAEC program is
a government-funded interprofessional model for chronic low
back pain that uses a “hub-and-spoke” integrated network of
community primary care and centralized tertiary care providers
across Ontario, Canada. This program integrates advanced
practice clinicians who are physical therapists and chiropractors
working in primary care settings (22,26). The advanced practice
clinicians conduct a comprehensive low back pain assessment
of patients referred to the program by their primary care physi-
cian, which includes screening for IBP and other biopsychoso-
cial risk factors.

Primary screening. Primary care patients referred to the
ISAEC program underwent primary screening for IBP. During this
in-person screening process, patients were assigned an IBP risk
score on a scale of 1 to 5, based on the Assessment of Spondy-
larthritis International Society (ASAS) classification criteria (27).
Based on the patient’s history, 1 point was entered into the elec-
tronic medical record by the advanced practice clinician for each
feature of IBP, including the following: 1) back pain duration of
>3 months, 2) age <50 years at symptom onset (the age criteria
were extended to 50 to capture patients with late-onset axial
SpA [28]), 3) morning stiffness lasting >30 minutes, 4) nocturnal
symptoms occurring in the second half of the night, and 5)
improvement of back pain with activity and not with rest.

Secondary screening. Patients who completed the pri-
mary screening and met the minimum IBP criteria (27) of symp-
tom duration and age of symptom onset criteria were referred
for a secondary screening by 1 of 2 extended-scope practitioners

SIGNIFICANCE & INNOVATIONS
• Interprofessional collaboration between rheuma-

tologists and regulated health care professionals
with advanced training in arthritis andmusculoskel-
etal assessment and care can reduce diagnostic
delay, shorten wait times to rheumatology care,
and accurately identify patients at risk for axial
spondyloarthritis.

• The results of the present study provide a validated
model of care to bridge the gap between onset of
back pain and axial spondyloarthritis diagnosis,
support a potential change in the assessment and
management of axial spondyloarthritis, and may
influence similar initiatives within other subsets of
inflammatory arthritis.
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associated with the Spondylitis Program at the Toronto Western
Hospital. The extended-scope practitioners have post-licensure
certification in advanced practice arthritis care (23). At the start
of the study period, the extended-scope practitioners had an
average of 13 years post-licensure clinical experience. This sec-
ondary screen included an in-person standardized assessment
involving history, physical examination, and investigations includ-
ing radiographs (anterior-posterior pelvis and anterior-posterior
and lateral cervical and lumbar views) and laboratory investiga-
tions (HLA–B27, C-reactive protein, and erythrocyte sedimenta-
tion rate). Patients who did not speak English were assessed
using professional translational services for all verbal communica-
tion. Clinical findings were reported by the extended-scope prac-
titioner to 1 of 2 staff rheumatologists with expertise in axial SpA
who were associated with the spondylitis program at Toronto
Western Hospital. Patients were present during this reporting pro-
cess. Additional medical history and physical examination findings
were collected by rheumatologists at their discretion. These
investigations were available to staff rheumatologists. MRI was
not included in the secondary screening.

Based on the overall clinical and investigative presentation of
the patient, the extended-scope practitioner and rheumatologist
independently assigned risk for axial SpA as “none,” “low,”
“moderate,” or “high” (Figure 1). The rheumatologist also pro-
vided a final diagnosis, and patients deemed by the

rheumatologist to require further investigations underwent an
MRI and then received a final diagnosis by the rheumatologist.

Wait times. Wait times were calculated from 1) date of
receipt of referral from primary care to primary screening (ISAEC
advanced practice clinician) and 2) from the date of receipt of
referral from primary screening (ISAEC advanced practice clini-
cian) to the date of the secondary screening (extended-scope
practitioner). Wait times were measured in business days and
excluded weekends and holidays.

Interobserver agreement. Interobserver agreement for
risk assignment between the extended-scope practitioner and
rheumatologist were estimated using percent agreement and
Cohen’s kappa coefficient (29), using quadratic-weighted kappa
for 4-class axial SpA risk assignment and unweighted kappa for
binary risk (no risk/low risk versus moderate risk/high risk).

Clinical utility. Sensitivity, specificity, positive predictive
values, and negative predictive values were determined for each
screening stratum (primary and secondary) based on the clinical
judgement of the rheumatologist; a positive screening was
defined as an individual being at moderate or high risk for axial
SpA, and a negative screening was defined as an individual being
at low risk or no risk for axial SpA. The clinical utility of screening

Figure 1. Stratified screening process for patients with axial spondyloarthritis (AxSpa). Primary screening for inflammatory back pain (IBP)
included a risk score of 1 to 5 (27); to proceed to the secondary screening, a minimum IBP risk score of 2 of 5 had to be met. Risk scores in the
primary screening comprised the following: >3-months duration of back pain (1 point) and age of disease onset <50 years (28) (1 point). Addition-
ally, patients may also have had any combination of the following (1 point for each additional IBP characteristic): morning stiffness of >30 minutes,
night pain (second half of night), and improvement of back pain with activity and not with rest. The secondary screening included an independent
assignment of risk for axial SpA, which was measured as low, medium, or high risk for axial SpA versus no risk for axial SpA, which was based on
the results of the standardized screening assessment. AP = anteroposterior.
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for the HLA–B27 gene was also assessed against the risk assign-
ment by the rheumatologist.

Diagnostic delay. Diagnostic delay was defined as the
number of years between symptom onset (i.e., presence of any
low back pain symptoms) and diagnosis by the rheumatologist.
This was calculated for all patients, irrespective of final diagnosis.

Descriptive statistics (medians and interquartile ranges
[IQRs] for continuous measures; counts and percentages for
categorical measures) were calculated both overall and by
rheumatologist assessment of axial SpA risk, and comparisons
were made between individuals at no or low risk for axial SpA
and those at moderate or high risk for axial SpA. To compare
the risk groups on descriptive measures, 95% confidence
intervals (95% CIs) for median/percentage differences were
formulated, and CIs were not corrected for multiplicity. To
achieve 80% power, with a 5% type I error rate and 5%

accuracy (assuming an overall prevalence of 35% of patients
receiving a rheumatologist designation of moderate/high risk
in the population being studied), we required a sample
of 398 patients. The Canadian Spondylitis Association, a
patient-based organization of people living with axial SpA, pro-
vided essential and important perspectives in the development,
implementation, and evaluation of the present project.

RESULTS

A total of 405 patients with low back pain completed the
stratified screening process during the 3-year study period.
Table 1 presents the demographic and clinical characteristics
of the sample by risk assignment according to the rheumatolo-
gist. Risk assignment was dichotomized into no risk/low risk for
axial SpA and moderate risk/high risk for axial SpA. Mean � SD
age of study participants was 37 � 10 years, with a significant
proportion of younger participants classified as being at

Table 1. Participant demographic and clinical characteristics*

Patient characteristic
All participants

(n = 405)

Rheumatologist assessment of risk for axial spondyloarthritis

Participants at
no risk or low risk

(n = 263)

Participants at
moderate risk or

high risk
(n = 142)

Median or
percentage
difference
(95% CI)†

Age, median (IQR) years 37 (29, 44) 39 (32, 44) 33 (26, 40) −5 (−7, −3)
Male sex 182 (44.9) 118 (44.9) 64 (45.1) 0.2 (−9.9, 10.3)
Back pain duration, median (IQR) years‡ 5 (1, 12) 5 (1.5, 13) 3 (1, 10) −0.5 (−1.5, 0)
Inflammatory back pain characteristics
Morning stiffness >30 minutes 300 (74.1) 181 (68.8) 119 (83.8) 15.7 (7.1, 23.5)
Presence of nocturnal symptoms 218 (53.8) 129 (49.0) 89 (62.7) 13.9 (3.7, 23.6)
Better with activity 232 (57.3) 142 (54.0) 90 (63.4) 9.9 (−0.2, 19.6)
Not better with rest 170 (42.0) 116 (44.1) 54 (38.0) −6.0 (−15.8, 4.1)
Presence of alternating buttock pain 52 (12.8) 27 (10.3) 25 (17.6) 7.6 (0.3, 15.1)
NSAID responsiveness§ 196 (48.4) 120 (45.6) 76 (53.5) 7.9 (−2.3, 17.9)

Extraarticular features of spondyloarthritis
Iritis/uveitis 9 (2.2) 5 (1.9) 4 (2.8) 0.9 (−2.3, 4.7)
Psoriasis 23 (5.7) 13 (4.9) 10 (7.0) 2.0 (−2.9, 7.4)
Inflammatory bowel disease 4 (1.0) 2 (0.8) 2 (1.4) 0.6 (−1.7, 3.6)

Relevant physical examination findings
BASMI score, median (IQR) 2.1 (1.5, 2.8) 2 (1.5, 2.7) 2.2 (1.7, 3) 0.19 (0.00, 0.38)
Any enthesitis 62 (15.3) 43 (16.3) 19 (13.4) −3.0 (−9.9, 4.5)
Any dactylitis 1 (0.2) 1 (0.4) 0 (0.0) −0.4 (−1.8, 1.7)
Any tender and/or swollen joints 75 (18.5) 54 (20.5) 21 (14.8) −5.8 (−13.2, 2.1)

Initial investigative results
Elevated ESR¶ 29 (7.2) 11 (4.2) 18 (12.7) 8.5 (2.5, 14.8)
Elevated CRP# 20 (4.9) 11 (4.2) 9 (6.3) 2.2 (−2.4, 7.4)
Presence of HLA–B27 57 (14.1) 17 (6.5) 40 (28.2) 21.7 (13.7, 29.6)
Diagnostic radiographic sacroiliitis** 47 (11.6) 3 (1.1) 44 (31.0) 30.5 (22.5, 38.2)

* Except where indicated, values are the no. (%) of patients. 95% CI = 95% confidence interval; BASMI = Bath Ankylosing Spondylitis Metrology
Index; IQR = interquartile range.
† Values were calculated based on comparisons made between study participants at no risk/low risk for axial spondyloarthritis and those at
moderate risk/high risk for axial spondyloarthritis.
‡ Number of years between onset of back symptoms (i.e., any low back pain symptoms) to diagnosis by a rheumatologist.
§ Nonsteroidal antiinflammatory drug (NSAID) responsiveness was considered as symptoms of low back pain being either “a little better” or
“much better” with the use of NSAIDS.
¶ Erythrocyte sedimentation rate (ESR) was analyzed using the Westergren method. ESR was determined to be elevated at >10 mm/hour in
male patients and >20 mm/hour in female patients.
# C-reactive protein (CRP) level was considered elevated at >11 mg/liter.
** Diagnostic radiographic sacroiliitis was based on modified New York Criteria assigned by a staff rheumatologist (31).
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moderate/high risk for axial SpA. Median duration of back symp-
toms was 5 years (IQR 1–12 years). IBP characteristics includ-
ing early morning stiffness, nocturnal back pain, and alternating
buttock pain were more often reported by patients at moder-
ate/high risk for axial SpA. Few patients presented with extraar-
ticular features of spondyloarthritis. Patients classified as being
at moderate or high risk for axial SpA had greater spinal immobil-
ity as measured by the Bath Ankylosing Spondylitis Metrology
Index (30) compared to those classified as being at no or low risk
for axial SpA. Elevated erythrocyte sedimentation rate, HLA–B27
presence, and diagnostic radiographic sacroiliitis were found in
a significantly higher proportion of participants classified as
being at moderate or high risk for axial SpA by the
rheumatologist.

With respect to access, the median wait time from primary
care to primary screening was 14 business days (IQR 9–20 days).
Median wait time from primary screening to secondary screening
was 15 business days (IQR 8–26 days).

Table 2 shows similar axial SpA risk assignment by practi-
tioner. Table 3 outlines interobserver agreement of axial SpA risk
assignment between extended-scope practitioners and rheu-
matologists and by extended-scope practitioners alone. Overall
agreement of axial SpA risk assignment between rheumatolo-
gists and extended-scope practitioners was 82.7% (95% CI
78.6–86.2). Substantial agreement in risk assignment was found
between the rheumatologists and extended-scope practi-
tioners, with a multiclass κ = 0.69 (95% CI 0.63–0.76) for the
4-group comparison (no risk, low risk, moderate risk, and high
risk) and binary κ = 0.61 (95% CI 0.53–0.69) for the 2-group
comparison (no risk and low risk versus moderate and high risk).
Agreement between each individual extended-scope practi-
tioner and rheumatologist was not significantly different.

Table 4 shows the precision and accuracy of each screening
strata for moderate-risk and high-risk axial SpA. A primary
screening IBP score assignment of 3 of 5 (i.e., >3 months of back
pain, age <50 years at symptom onset, and 1 other IBP charac-
teristic) had the highest sensitivity (73%) in identifying patients at
moderate-to-high risk for axial SpA as determined by a rheuma-
tologist, but low specificity (44%) and positive predictive value
(41%). HLA–B27 performed poorly as an independent screening
test for those who met inclusion criteria (i.e., back pain duration
of >3 months, age <50 years at symptom onset), with very low
sensitivity (28%) for moderate/high risk assignment as deter-
mined by a rheumatologist. The secondary screening produced
the highest overall combination of sensitivity (68%), specificity
(90%), positive predictive value (80%), and negative predictive
value (84%).

The rheumatologist diagnosed 63 participants (15.6%) as
having axial SpA. Diagnosis occurred after risk assignment and
included MRI as indicated. Of these, 29 patients received a diag-
nosis of ankylosing spondylitis, and 34 patients were diagnosed
as having nonradiographic axial SpA. The remainder of the cohort
received a diagnosis of mechanical back pain. It should be noted
that 11.1% of the original cohort were lost to follow-up after the
risk assignment phase of the study (i.e., these participants com-
pleted the primary and secondary screenings, but were lost if they
required further follow-up or investigations to establish diagnosis).
These data were excluded in the analyses pertaining to diagnosis.
Figure 2 illustrates diagnostic delay for each diagnostic category,
with nonradiographic axial SpA patients demonstrating the short-
est median symptom duration of 2 years (IQR 1–15 years) versus
a median of 7 years (IQR 2–12 years) for patients diagnosed with
ankylosing spondylitis and 5 years (IQR 2–11 years) for those
diagnosed as having mechanical back pain.

DISCUSSION

Results of the present study add to a growing body of evi-
dence supporting the effectiveness of interprofessional and col-
laborative models of care for the assessment and treatment of
patients with chronic musculoskeletal disease. Specifically, our
findings demonstrate that an interprofessional screening model
for axial SpA can ensure patients are seen in a timely fashion

Table 2. Risk assignment stratified by practitioner (n = 405)

Axial
spondyloarthritis

risk

Practitioner

Extended scope
practitioner, no. (%)

Rheumatologist,
no. (%)

None 218 (53.8) 206 (50.9)
Low 65 (16.0) 57 (14.1)
Moderate 93 (23.0) 99 (24.4)
High 29 (7.2) 43 (10.6)

Table 3. Interobserver agreement for screening outcome between rheumatologist and extended scope practitioner*

Both extended scope practitioners
(n = 405)

Extended scope practitioner no. 1
(n = 305)

Extended scope practitioner no. 2
(n = 99)

Agreement measure Binary† Multiclass‡ Binary† Multiclass‡ Binary† Multiclass‡

Overall agreement %
(95% CI)

82.7 (78.6, 86.2) 66.4 (61.6, 71.0) 81.4 (76.5, 85.5) 66.3 (60.7, 71.6) 86.9 (78.2, 92.5) 66.7 (56.4, 75.6)

Kappa (95% CI) 0.61 (0.53, 0.69) 0.69 (0.63, 0.76) 0.56 (0.46, 0.66) 0.66 (0.58, 0.74) 0.73 (0.59, 0.86) 0.77 (0.67, 0.87)

* 95% CI = 95% confidence interval.
† Moderate/high risk for axial spondyloarthritis versus low risk/no risk.
‡ Multiclass estimate used formulae by Fleiss et al (29) for quadratic weighting.
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and are assessed with a high degree of clinical accuracy. Such a
model could redefine referral strategies for suspected axial SpA.

The degree to which agreement was achieved between the
extended-scope practitioners and the rheumatologists in screen-
ing for patients at moderate/high risk for axial SpA resulted in the
highest positive and negative predictive values, with 80% of
patients sent to rheumatology care following a moderate/high risk
designation by the secondary screening being appropriate refer-
rals, and 84% of patients diverted from rheumatology being
appropriate diversions. This suggests the screening model
described in the present study may indeed provide a valuable
approach to improving access to rheumatology assessment and
ensuring individuals with axial SpA receive timely and appropriate
care. Although there were a minority of screened patients who
were inappropriately diverted, the clinical presentation of a patient
may evolve over time, and these individuals may be subsequently
rescreened if indicated. Evaluation of the inappropriately diverted
patients in the present study may provide further insight.

The kappa statistic of 0.61 to 0.69 in the present study indi-
cates a substantial level of agreement between the extended-
scope practitioners and the rheumatologists (32). It is recognized

that internal agreement between rheumatologists around the
diagnosis of axial SpA is challenging, as reflected in a recent study
(25). The present study demonstrates greater interobserver
agreement in identifying patients with axial SpA. The challenge of
accurate identification of axial SpA may reflect the fact that evalu-
ation is not based on a single diagnostic feature but rather on a
“gestalt” representing a combination of clinical, laboratory, and
imaging elements. At the primary care level, interpretation of these
clinical and investigative findings may be problematic (33) as they
depend on primary care providers’ awareness of axial SpA (34).
This sets the stage for an over-referral of patients who have a
low probability of having axial SpA and an under-referral of
patients who have a high probability of having axial SpA by pri-
mary care providers, ultimately contributing to diagnostic delay
of axial SpA. Several primary care referral strategies for axial SpA
have been developed (35,36); however, it is not yet clear how
effectively these approaches have been implemented in primary
or rheumatology settings. The results of the present study sug-
gest integration of the above screening model for axial SpA into
primary care referral pathways may enable high-yield referrals to
rheumatologists, while redirecting patients with a low probability
of having axial SpA to more appropriate care pathways.

The results of the present study reiterate results of other
studies that HLA–B27 alone is not a useful screening tool for axial
SpA (37,38). Although a positive test in an “at-risk” patient can be
highly predictive of a diagnosis of axial SpA, the prevalence of
ankylosing spondylitis in persons who are HLA–B27 positive is
only 1–6% (39). Furthermore, patients with back pain who lack
the HLA–B27 gene can also be diagnosed as having axial SpA.
Similarly, the use of radiographs as a screening tool is limited by
the fact that radiographic features may be delayed, thereby hin-
dering early detection (40). Although MRI would provide a high
degree of sensitivity and specificity (27), the high cost and limited
availability of this type of imaging precludes its routine use for axial
SpA screening. Consequently, there are no clinical upstream
diagnostic criteria (without investigations or specific skill in

Table 4. Precision and accuracy of screening strata for participants at moderate and high risk for axial SpA in a
cohort of 405 total study participants*

Screening test Sensitivity Specificity PPV NPV

Primary screening
Axial SpA IBP score 3+ 73 (65, 80) 44 (38, 50) 41 (35, 47) 75 (68, 82)
Axial SpA IBP score 4+ 42 (34, 50) 68 (62, 73) 41 (33, 49) 68 (63, 74)
Axial SpA IBP score 5+ 21 (14, 28) 87 (83, 91) 48 (35, 60) 67 (62, 72)

Secondary screening
Presence of HLA–B27 28 (21, 36) 94 (91, 97) 70 (58, 82) 71 (66, 75)
Risk for axial SpA as assessed by
an extended scope practitioner

68 (61, 76) 90 (87, 94) 80 (72, 87) 84 (80, 88)

* Values are the % (95% confidence interval). The criterion standard for precision and accuracy was based on the
clinical judgment by a rheumatologist with expertise in axial spondyloarthritis (SpA). Axial SpA inflammatory back
pain characteristics (IBP) were based Assessment of Spondylarthritis International Society classification criteria
(27) (i.e., age <45 years at symptom onset, back pain duration of ≥3 months, morning stiffness >30 minutes, back
pain improved with activity and not with rest, and nocturnal symptoms of back pain). A positive screen was defined
as an individual being at moderate/high risk for axial SpA, and a negative screen was defined as an individual being
at low or no risk for axial SpA. NPV = negative predictive value; PPV = positive predictive value.

Figure 2. Symptom duration by diagnosis. Symptom duration was
based on the number of years between symptom onset
(i.e., presence of any low back pain symptoms) to diagnosis by a
rheumatologist. nr-AxSpA = nonradiographic axial spondyloarthritis.
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musculoskeletal evaluation) that can be practically implemented
by a busy primary care provider. Thus, the results of this study
demonstrate an effective screening strategy that has the potential
to address the limitations in the early identification of axial SpA
within primary care.

The results of this study have potential impact on providers
and health care systems. From the perspective of the primary
care provider, the assessment of low back pain is associated with
significant challenges due to its variable presentation and signifi-
cant impact on individuals (41). Although IBP is well-recognized
as a “red flag,” its relatively low prevalence (5%) among patients
with chronic low back pain means that significant ongoing efforts
are required to maintain suspicion for axial SpA in the primary care
setting (42). Furthermore, there is a growing body of literature and
guidelines promoting the reduction of diagnostic imaging for low
back pain in the absence of red flags (43–45). It has been estab-
lished that rheumatologists have significant challenges with wait-
time and geographic access in Canada; thus, it is not feasible to
place the additional responsibility of assessing patients with low
back pain for possible axial SpA on these health care providers.
Both issues are at odds with the promotion of the early detection
and diagnosis of axial SpA, which can potentially be ameliorated
by implementing screening models similar to those outlined in
the present study.

A clear benefit to this screening model of care is the reduc-
tion in diagnostic delay of axial SpA relative to the 9-year average
(5,46). This study demonstrated a median time to diagnosis was
reduced to 7 years for ankylosing spondylitis and 2 years for non-
radiographic axial SpA. As stated, the primary aim of the pro-
posed integrated model of care was earlier identification of
possible axial SpA. In particular, identification of nonradiographic
axial SpA is critical as this allows for early introduction of
evidence-based management to optimize outcomes and poten-
tially delay further progression (47). It is encouraging that more
than half of the study cohort diagnosed as having axial SpA were
classified as having nonradiographic axial SpA with a median
symptom duration of only 2 years. We expect further reductions
in diagnostic delay for patients with axial SpA as the screening
strategy matures over time.

The addition of a secondary screening strata creates an
additional step in the assessment process. While some may
suggest that primary care providers could conduct the screen-
ing themselves, this approach has been shown to be problem-
atic due to, in part, the high prevalence of back pain, lack of
validated diagnostic criteria, limitations of physical examination,
and lack of reliable biomarkers (48,49). The shared-care aspect
of the model considered in the present study offsets this issue
by providing a reliable avenue for patients with persistent low
back pain who are referred for care. From the perspective of
the rheumatologist, this model allows a high pretest probability
of patients with moderate-to-high risk for axial SpA
(i.e., greater than 80%), thereby ensuring more appropriate

use of this subspecialist. Furthermore, the extended-scope
practitioner can effectively redirect patients who likely do not
have axial SpA away from the rheumatologist and initiate non-
pharmacologic management strategies for back pain (50).
Though patients have been diverted from the rheumatologist,
they still have access to appropriate care within an integrated
model of care for low back pain (22).

There were several limitations in this study. The first limitation
pertains to external validity as the proposed screening model
used extended-scope practitioners, which are unique to the
Canadian health care system. However, these individuals gradu-
ated from a competency-based certified training program offered
out of an accredited academic institution (23). While this may limit
generalizability to other jurisdictions, we anticipate that similar
training programs should produce comparable results within dif-
ferent settings. This remains to be determined.

Second, the clinical relationship between the extended-
scope practitioner and rheumatologist may influence the agree-
ment of axial SpA risk assignment. This was mitigated by the
extended-scope practitioners working with both rheumatologists
throughout the study period to reduce bias related to the practice
patterns of the individual specialist. Third, one must consider the
presence of false negatives. False negatives are not unique and
are a reality with most screening strategies. However, the fact that
patients who screened negative were referred from an existing
back pain program ensures that they may be rereferred for
screening at a future date should their symptoms evolve over
time. Reexamination of the study cohort could also be considered
to investigate whether patients initially identified as being negative
for axial SpAmay later prove to be diagnosed as having axial SpA.
Last, the duration of back pain in this study was defined as the
onset of “any symptoms related to back pain.” This may be prob-
lematic as patients may not be able to accurately ascribe their ini-
tial back symptoms as truly reflecting their current back
symptoms. Further investigation in the development of an opera-
tional definition of back pain duration as it relates to axial SpA is
recommended.

In conclusion, the results of the present study provide a valid
model to bridge the gap between onset of back pain and diagno-
sis and may support a paradigm shift in the early identification of
axial SpA among people with persistent low back pain. Further-
more, these results may inform similar initiatives for other forms
of inflammatory arthritis.
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Prevalence and Factors Associated With Osteoporosis
and Bone Mineral Density Testing in Psoriatic Arthritis

Timothy S. H. Kwok,1 Mitchell Sutton,2 Justine Yang Ye,2 Daniel Pereira,2 Vinod Chandran,3

and Dafna D. Gladman3

Objective. To determine bone mineral density (BMD) in psoriatic arthritis (PsA) patients, factors associated with
undergoing BMD testing, and the effect of PsA clinical activity on BMD.

Methods. Patients attending the University of Toronto PsA Clinic with BMD testing results from cohort inception to
January 2019 were included. Descriptive statistics summarized lumbar spine, femoral neck, and total hip T scores. Cox
proportional hazards regression identified predictors for BMD testing. Logistic regression analysis determined odds of
having normal (T score −1.0 or more) versus osteoporotic-range BMD (T score −2.5 or less). A multistate model deter-
mined factors associated with BMD state changes over time.

Results. Of the 1,479 patients, 214 had BMD tests performed. The mean � SD T scores at the lumbar spine,
femoral neck, and total hip were −0.30 � 0.32, −1.10 � 1.04, and −0.45 � 0.42, respectively. Osteopenia and osteopo-
rosis occurred in 45.27% and 12.94% of patients. Increasing age, menopause, elevated acute-phase reactants, and
biologics, methotrexate, and systemic glucocorticoids use were associated with a higher chance of undergoing
BMD testing. Increased body mass index (BMI) and biologics use were associated with a lower chance of having
osteoporotic-range BMD test results. In multistate analysis, polyarthritis may portend lower BMD results over time,
although this did not achieve statistical significance due to low patient numbers.

Conclusion. The prevalence of osteopenia and osteoporosis in the PsA cohort was similar to that of the general
population. Clinicians are using osteoporosis risk factors and PsA disease severity markers to select patients for
BMD testing. Polyarticular disease may portend worse BMD test results. Biologic use and increased BMI appear to
have a protective effect.

INTRODUCTION

Psoriatic arthritis (PsA) is a multisystem disease character-
ized by psoriasis and inflammatory musculoskeletal manifesta-
tions. Cardinal signs and symptoms include peripheral arthritis,
dactylitis, enthesitis, axial disease, psoriasis, nail lesions, and
the absence of rheumatoid factors (1). Concomitant radio-
graphic bone resorption and new bone formation, characterized
by periostitis, ankylosis, and enthesophytes, are hallmarks of
PsA (2).

The focus on bone health has unraveled novel research
trends in PsA and its relationship to osteoporosis in the past
decade. Osteoporosis is a metabolic disease manifested by low
bone mass and quality, as well as microarchitectural deterioration

subsequently leading to increased bone fragility and likelihood
of fragility fractures (3). Due to the presence of novel bone
formation and destruction in a variety of inflammatory arthriti-
des, osteoporosis has been widely studied in the rheumatology
literature. In particular, several epidemiologic studies have sug-
gested a relationship between osteoporosis and rheumatoid
arthritis (RA), systemic lupus erythematosus, and ankylosing
spondylitis (4).

A possible link between PsA and osteoporosis was initially
postulated in a cross-sectional study by Frediani et al (5). The
study found that increased demineralization was observed in
patients with PsA, which became more pronounced with increas-
ing age, estrogen deficiency, and impaired health quality indices
(5). However, much of the evidence thus far has been mixed with
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varying results (6). A recent systematic review found the studies to

be of high heterogeneity, small in numbers, and yielding inconsis-

tent results (7). The largest study to date of 28,765 patients with

PsA was also limited by its use of cross-sectional data based on

emergency department visits and discharge diagnosis codes

rather than clinical assessment (8). Thus, there is a need to further

evaluate the association between PsA and osteoporosis. This is

significant, as osteoporosis is often undertreated even in the

general population, leading to potentially serious morbidity and

increased mortality for patients (9).
Furthermore, it is also unknown how patients at present are

clinically selected by health care practitioners for bone mineral
density (BMD) testing, as there is no clear reference to optimal
BMD screening in the latest clinical practice recommendations
(10). Moreover, to our knowledge, there are currently no cohort
studies on the association between PsA disease activity and bone
density. Hence, the purpose of this study was to determine BMD
in the PsA population, factors associated with having BMD
testing performed, the association of disease state and clinical
activity on BMD, as well as factors associated with BMD changes
over time.

PATIENTS AND METHODS

Setting. This longitudinal study was conducted at the Uni-
versity of Toronto PsA Clinic. The University of Toronto PsA Clinic
was established in 1978 as a longitudinal observational cohort of
patients with PsA. Patients are followed prospectively at 6- to
12-month intervals according to a standard protocol that encom-
passes clinical, laboratory, and radiographic variables including
but not limited to demographic information, disease characteris-
tics, comorbidities, health quality indices, pharmacologic therapies,
physical examination findings, and imaging and bloodwork results.
Of note, routine BMD testing is not part of the clinic’s research pro-
tocol. All patients in the cohort fulfilled the 2006 Classification of
Psoriatic Arthritis (CASPAR) study group criteria (11). At the time
of this study, 1,486 patients with PsA were followed in the cohort.

Patient selection. Patients who were followed in the cohort
and had BMD testing done via dual-energy x-ray absorptiometry

(DEXA), irrespective of clinical indication, were included. Those
without T scores reported on their BMD results and with no
visits at the clinic within 2 years of their first BMD test were
excluded.

Data collection. The PsA web-based database was
searched to identify PsA patients who underwent BMD testing
from cohort inception to January 2019 inclusive. BMD measure-
ments of the lumbar spine (L1–L4), femoral neck, and total hip
by DEXA were used for this study. For bilateral measurements,
the lowest BMD score was preferentially used. All BMD reports
were reviewed and summarized.

Statistical analysis. Descriptive statistics were used to
summarize lumbar spine, femoral neck, and total hip T scores,
as well as the proportion of patients in the normal (T score −1.0
or more), osteopenic (−2.5 < T score < −1.0), and osteoporotic
(T score −2.5 or less) BMD categories (12). Cox proportional haz-
ards regression was used to determine covariates that predicted
the event of undergoing first BMD testing adjusted by age at
baseline, PsA disease duration, and sex. Patients who did not
have any BMD testing done during the entire follow-up period
were right censored at their last clinical visit. In addition, patients
who were noted to be receiving a bisphosphonate but without
any BMD testing results documented were removed from the
Cox analysis to prevent introducing confounding bias. Further-
more, we performed a logistic regression with clinical variables to
determine the odds ratios (OR) of patients falling into the osteopo-
rotic category (T score −2.5 or less) as per the patients’ lowest
T scores at either the lumbar spine, femoral neck, or total hip site.

For the covariates of Psoriasis Area and Severity Index (PASI)
score and active joints, adjusted mean values leading up to the
BMD test were used to develop the logistic regression model to
reflect cumulative disease burden more accurately. Analyses
based on sex stratification were performed for both the Cox pro-
portional hazards regression and logistic regression models. Last,
a multistate model was used to determine factors associated with
transitions between bone density disease state changes (normal
BMD, osteopenia, osteoporosis) over time. All statistical signifi-
cance thresholds were set at P values less than 0.05. Descriptive
analyses and logistic regression were performed using SAS, ver-
sion 9.4. Cox proportional regression and multistate models were
performed using RStudio, version 1.1.463. Informed consent was
obtained for the patients who participated in the cohort, and the
study was approved by the University Health Network Research
Ethics Board (REB 08-0630).

RESULTS

Of the 1,479 eligible patients in the cohort, 214 patients had
BMD testing performed. Demographic and clinical information
for those with BMD testing was contrasted with those without

SIGNIFICANCE & INNOVATIONS
• Bone mineral density (BMD) scores in the psoriatic

arthritis (PsA) patient population appear to be com-
parable to the general population.

• Clinicians are using osteoporosis risk factors and
PsA disease severity markers to select patients for
BMD testing.

• Biologics use and increased body mass index are
associated with protective effects on BMD in
patients with PsA.

PsA BONE MINERAL DENSITY 1007



BMD testing in the cohort (Table 1). Compared to patients in the
control group, those in the BMD group were more likely to be
receiving nonsteroidal antiinflammatory drugs (NSAIDs), disease-

modifying antirheumatic drugs (DMARDs), systemic glucocorti-
coids, or bisphosphonates and to be White, functional class III or
IV, at menopause, have a malignancy, to be older at diagnosis of

Table 1. Clinical parameters of patients with bone mineral density (BMD) testing versus those without in the cohort*

Variable BMD group (n = 214) Control group (n = 1,265) P

Male sex, % 50.93 57.23 0.09
White race, % 90.65 85.38 0.04
Age at diagnosis of PsA, years 39.81 � 13.67 37.70 � 13.67 0.04
Age at diagnosis of psoriasis, years 29.49 � 15.97 28.48 � 14.49 0.36
Alcohol use, % 70.56 61.42 0.48
Smoker, % 52.80 43.79 0.052
Menopausal women, % 31.78 16.36 <0.0001
Functional class III or IV, %† 31.78 24.35 0.02
Nail lesion, % 85.05 78.18 0.38
Malignancy, % 22.43 15.02 0.01
Enthesitis, % 11.68 9.80 0.40
NSAID use, % 85.98 74.86 0.0004
DMARD use, % 77.57 59.76 <0.0001
Biologics use, % 38.32 33.2 0.14
Systemic glucocorticoid use, % 11.68 4.51 <0.0001
Bisphosphonate use, % 15.89 4.98 <0.0001
Age, years 56.47 � 11.08 53.09 � 14.94 0.0001
BMI 29.64 � 6.09 29.27 � 6.34 0.51
Hip circumference, cm 104.32 � 12.90 104.21 � 14.49 0.93
Waist circumference, cm 99.41 � 15.27 98.21 � 16.54 0.43
SF-36 physical score 38.50 � 11.39 39.51 � 12.15 0.28
SF-36 mental score 46.19 � 10.82 44.79 � 10.54 0.09
PASDAS score 3.59 � 1.36 3.36 � 1.54 0.13
Active (tender/swollen) joint count 3.67 � 7.87 4.80 � 7.98 0.06
Damaged joint count‡ 8.61 � 12.93 5.21 � 10.22 0.0003
BSA 1.27 � 2.53 2.28 � 7.57 0.0002
PASI score 3.02 � 5.42 2.78 � 5.95 0.57
HAQ score 0.65 � 0.60 0.57 � 0.58 0.07

* Values are the mean � SD unless indicated otherwise. Where pertinent, clinical variables were collected at the
most recent clinic visit. BMI = bodymass index; BSA = body surface area; DMARD = disease-modifying antirheumatic
drug; HAQ = Health Assessment Questionnaire; NSAID = nonsteroidal antiinflammatory drug; PASDAS = Psoriatic
Arthritis Disease Activity Score; PASI = Psoriasis Area and Severity Index; PsA = psoriatic arthritis; SF-36 = Short Form
36 health survey.
† According to the American College of Rheumatology 1991 revised criteria for the classification of global functional
status in rheumatoid arthritis (34).
‡ Damaged joint defined as a presence of limitation of range of movement of >20% of the range not related to the
presence of joint effusion, presence of joint deformity, subluxation, loosening, or ankylosis.

Table 2. Cox proportional regression for predictors of bone mineral density (BMD) testing adjusted by age at base-
line, psoriatic arthritis (PsA) disease duration, and sex for patients with BMD testing (n = 214) and those without
(n = 1,050)*

Variable

Univariate model Multivariate full model

HR (95% CI) P HR (95% CI) P

Age at baseline – – 1.003 (1.018–1.043) <0.001
PsA disease duration – – 1.010 (0.993–1.028) 0.263
Sex, male – – 1.090 (0.742–1.599) 0.661
Active joint count (by 1 joint) 0.967 (0.938–0.998) 0.037 0.969 (0.942–0.997) 0.031
Damaged joint count (by 1 joint)† 1.002 (0.990–1.014) 0.774 1.000 (0.988–1.012) 0.998
Elevated acute-phase reactant 1.739 (1.314–2.301) <0.001 1.705 (1.277–2.276) <0.001
Menopause 2.367 (1.566–3.580) <0.001 1.936 (1.255–2.985) 0.003
BSA 1.001 (0.986–1.015) 0.911 0.993 (0.974–1.011) 0.435
Biologics 2.227 (1.670–2.969) <0.001 1.951 (1.440–2.643) <0.001
Methotrexate 1.702 (1.286–2.252) <0.001 1.433 (1.067–1.924) 0.017
Systemic glucocorticoids 2.280 (1.045–4.975) 0.039 2.197 (1.001–4.824) <0.05

* 95% CI = 95% confidence interval; BSA = body surface area of psoriasis; HR = hazard ratio.
† Damaged joint defined as a presence of limitation of range of movement of >20% of the range not related to the
presence of joint effusion, presence of joint deformity, subluxation, loosening, or ankylosis.
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PsA, and, at last visit, to have more damaged joints but lower
body surface area of psoriasis. Cox proportional hazards regres-
sion was performed in 1,264 patients, excluding those patients
treated with bisphosphonates or who had only 1 visit to the clinic,
to identify factors associated with undergoing BMD testing. Higher
age at baseline (hazard ratio [HR] 1.030 [95% confidence interval
(95% CI) 1.018–1.043], P < 0.001), elevated acute-phase reac-
tants (HR 1.705 [95% CI 1.277–2.276], P < 0.001), menopause
(HR 1.936 [95% CI 1.255–2.985], P < 0.003), biologics use
(HR 1.951 [95% CI 1.440–2.643], P < 0.001), methotrexate use
(HR 1.433 [95% CI 1.067–1.924], P < 0.017), and systemic gluco-
corticoids use (HR 2.197 [95% CI 1.001–4.824], P < 0.05) were
significantly associated with a higher chance of undergoing first
BMD testing in the multivariate full model, whereas higher active
joint counts were associated with a decreased chance (HR 0.969
[95% CI 0.942–0.997], P < 0.031) (Table 2). These findings were
overall congruent with sex-stratified Cox proportional hazards
regression models (see Supplementary Tables 1 and 2, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24538/abstract).

Of the 214 eligible patients with BMD test results, 201 patients
had visits to the clinic within 2 years of their BMD test and had clin-
ical information available for descriptive statistics and logistic

regression analysis. Mean T scores at the lumbar spine, femoral
neck, and total hip were −0.30 � 0.32, −1.10 � 1.04, and
−0.45 � 0.42, respectively. Of the 201 patients, 41.79% had
BMD test results in the normal range, 45.27% in the osteopenic
range, and 12.94% in the osteoporotic range. Osteopenic- or
osteoporotic-range BMD scores (T score < 1.0) occurred in the
lumbar spine in 62.5% of measurements, in the femoral neck in
88.4% of measurements, and in the total hip in 39.3% of
measurements.

Logistic regression analysis was performed for 154 patients
who had complete protocol data in order to correlate clinical and
medication information to the likelihood of having osteoporotic-
range BMD (T score −2.5 or less) (Table 3). Increased BMI
(OR 0.791 [95% CI 0.677–0.924], P < 0.003) and biologic use
(OR 0.175 [95% CI 0.036–0.857], P < 0.032) were significantly
associated with a lower chance of having osteoporotic-range
BMD. These findings were congruent with sex-stratified logistic
regression models for osteoporotic-range BMD and reduced
BMD (T score < 1.0) (see Supplementary Tables 3–6, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24538/abstract).

There were 50 patients with results from >1 BMD test.
They were categorized into normal BMD and osteopenic or

Table 3. Logistic regression analysis of the association between clinical variables and osteoporotic-range bone min-
eral density (BMD) adjusted by age at BMD testing and sex (n = 154)*

Variable

Univariate model Multivariate full model

Estimate (95% CI) P Estimate (95% CI) P

Age at BMD testing – – 1.024 (0.960–1.092) 0.472
Sex, male – – 1.698 (0.116–24.790) 0.699
Active joint count† 1.000 (0.925–1.081) 0.997 1.036 (0.927–1.159) 0.533
Damaged joint count‡ 1.014 (0.979–1.050) 0.435 1.034 (0.986–1.085) 0.166
Elevated acute-phase reactant 0.610 (0.223–1.667) 0.335 0.687 (0.202–2.335) 0.547
Menopause 0.718 (0.063–8.225) 0.790 0.985 (0.054–18.025) 0.992
PASI score† 0.874 (0.723–1.058) 0.167 0.851 (0.679–1.067) 0.163
BMI 0.808 (0.709–0.922) 0.002 0.791 (0.677–0.924) 0.003
Biologics 0.373 (0.101–1.369) 0.137 0.175 (0.036–0.857) 0.032
Methotrexate 0.314 (0.097–1.018) 0.054 0.355 (0.094–1.347) 0.128
Systemic glucocorticoids 0.000 (0.000–∞) 0.973 0.000 (0.000–∞) 0.966

* The BMD site with the lowest T score was preferentially selected for logistic regression analysis. The osteoporotic
range of BMD refers to a T score of –2.5 or less. 95% CI = 95% confidence interval; BMI = body mass index;
PASI = Psoriasis Area and Severity Index.
† Adjusted means leading up to each patient’s BMD test were used for the covariate.
‡ Damaged joint defined as a presence of limitation of range of movement of >20% of the range not related to the
presence of joint effusion, presence of joint deformity, subluxation, loosening, or ankylosis.

HR 4.47 (95% CI 0.00–4.01×1066) 

HR 0.98 (95% CI 0.16–6.12) 

HR 0.74 (95% CI 0.06–8.56) HR 0.00019 (95% CI 0.00–1.64×1048) 

Normal 

Osteopenia Osteoporosis

HR 7.01 (95% CI 0.76–65.1) 

Figure 1. Multistate analysis for bone mineral density state transitions for patients with polyarthritis referenced to patients with oligoarthritis. 95%
CI = 95% confidence interval; HR = hazard ratio.
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osteoporotic states and observed for transitions between states.
In multistate analysis, patients with polyarthritis were 7.01 times
more likely to move from normal-range BMD to osteopenia than
patients with oligoarthritis (Figure 1). Those receiving biologics
had a 16% less chance of moving from normal-range BMD to
osteopenia, but they were 4.24 times more likely to move from
osteopenia to osteoporosis and were 2.1 times more likely to
move from osteoporosis to osteopenia than patients not receiving
biologics (Figure 2). However, these HRs did not reach statistical
significance due to the small sample size of patients transitioning
between states. For the other transition states, no suggestion of
covariate effect could be discerned due to the large confidence
intervals for the HRs (Figures 1 and 2).

DISCUSSION

Osteopenia and osteoporosis occurred in 45.27% and
12.94% of patients with PsA, respectively, in our cohort. This is
within ranges of 6.3–61% for osteopenia and 1.4–68.8% for oste-
oporosis, as reported in previous studies in the PsA population
(13–15). Our findings are also similar when compared with Cana-
dian references established in the large prospective Canadian
Multicentre Osteoporosis Study of those ages ≥50 years, with
osteoporosis as per World Health Organization standards found
in 6.6–15.8% and osteopenia in 26.7–45.9% of the general pop-
ulation (16). Furthermore, mean T scores at the lumbar spine,
femoral neck, and total hip were −0.30, −1.10, and −0.45,
respectively, which is within the ranges reported in previous stud-
ies in PsA, which have cited lumbar spine T scores of −1.36 to
0.02 (5,17), femoral neck T scores of −1.68 to 0.89 (18,19), and
total hip T scores of −0.92 to −0.42 (13,20). Therefore, BMD
scores reported in our PsA cohort appear to be similar to those
of the general population.

We found that increasing age, menopause, elevated acute-
phase reactants, and biologics, methotrexate, and systemic glu-
cocorticoid use were associated with a higher chance of having
a BMD test. Age, menopause, and systemic glucocorticoid use
are risk factors that prompt BMD testing, as per the latest Cana-
dian clinical practice guidelines (12). Moreover, methotrexate
and biologics use are generally reserved for PsA patients with
moderate-to-severe disease activity who are not responsive to

NSAIDs (10). Thus, we postulate that clinicians are currently using
a combination of traditional risk factors coupled with markers of
PsA disease severity to guide osteoporosis screening. This is of
interest, as none of the covariates that were associated with a
higher chance of having a BMD test were associated with lower
BMD scores. This suggests that clinicians may be overscreening
patients with PsA for osteopenia/osteoporosis, as they do not
appear to be at baseline at a higher risk for lower BMD scores
than the general population. However, more research is needed
to evaluate this postulation, as we do not have any data on other
importance indices of bone health such as prior fractures or bio-
chemical markers of bone turnover.

In evaluating the association between PsA and BMD, the evi-
dence thus far has been mixed. Of note, 2 recent studies have
been performed by Gulati and colleagues based on an outpatient
clinic population in Norway (21,22). In the first study, patients with
PsA were shown to have similar BMDs to controls, supporting
the hypothesis that the PsA population is not at an increased
risk for osteoporosis (21). A subsequent cross-sectional study of
140 patients reinforced findings that the proportion of PsA
patients with osteopenia or osteoporosis were within the ranges
seen in the reference population (22). The authors found a positive
association between BMD and BMI, but no association was
found between BMD and DMARDs, tumor necrosis factor (TNF)
inhibitor, glucocorticoids, NSAIDs, or antiosteoporotic medication
use (22). However, the 2 studies were limited by low PsA patient
numbers with BMD test results (n = 69, n = 140) and lack of pro-
spective follow-up (21,22). The largest study to date of 28,765
patients with PsA utilized data from a national emergency depart-
ment database and demonstrated that PsA was associated with
osteopenia, osteoporosis, and pathologic fractures (8). However,
the study relied heavily on diagnostic codes, did not include infor-
mation on BMD testing, and had no information on disease
activity (8).

In logistic regression analysis, we found that increasing BMI
was associated with a lower chance of having osteoporotic-range
BMD, which is congruent with studies in the osteoporosis litera-
ture that suggest a positive correlation between BMI and BMD
(23). Moreover, we found that biologics use was also associated
with a lower chance of having osteoporotic-range BMD. Studies
that have investigated the relationship between biologics use

HR 4.24 (95% CI 0.29–61.43) 

HR 2.10 (95% CI 0.22–20.52) 

HR 0.77 (95% CI 0.07–9.15) HR 0.01 (95% CI 0.00–2.14×1018)

Normal 

Osteopenia Osteoporosis

HR 0.84 (95% CI 0.09–7.81) 

Figure 2. Multistate analysis for bone mineral density state transitions for patients receiving biologics referenced to patients not receiving bio-
logics. 95% CI = 95% confidence interval; HR = hazard ratio.
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and BMD are lacking in the PsA literature. One small study com-
paring treatment-naive patients with PsA versus those with RA
found unchanged periarticular bone density at 12 months in
32 PsA patients receiving synthetic DMARDs or TNF inhibitor
therapy (24). In general, TNF inhibitors have been associated with
increases in BMD in patients with spondyloarthropathy (25–27).
Additionally, in multistate analysis, we observed that patients with
polyarthritis had lower BMD over time. Although the model did not
achieve statistical significance due to the overall small number of
transition events, this relationship warrants further research, given
that multiple cohort studies have independently demonstrated
polyarticular onset of disease predicting clinical deformities and
erosive disease in PsA (28,29).

To our knowledge, this is the largest longitudinal study eval-
uating the effect of PsA on BMD. When compared to cross-
sectional studies on osteoporosis and PsA, the advantages of
our study include the large number of patients with complete
BMD testing data included in our analysis (n = 214), long-term
follow-up data, as well as the comprehensiveness of clinical
parameters collected in our research protocol. Limitations of
our study lie in the lack of a control group of BMD test results
from patients without PsA. Hence, we had to rely on Canadian
population studies to compare BMD test results in our PsA
population to those of the general population. Another limitation
is that we did not employ a prospective design of all patients
undergoing BMD testing, and therefore, there is likely a selection
bias based on the ordering physician preselecting patients with
a high pretest probability of osteopenia and osteoporosis for
BMD testing, thereby overestimating the degree of osteopenia
and osteoporosis in our PsA patient population. Indeed, we
demonstrated that postmenopausal status, as well as disease-
related factors were predictors for undergoing a first BMD test.
Nonetheless, there does not appear to be an increased preva-
lence of osteopenia or osteoporosis in our PsA population, even
accounting for these factors. Moreover, 15 patients with BMD
test results included in our analysis had features suggestive of
degenerative disease in their lumbar spine and/or scoliosis
noted on their BMD test results, 2 factors that have been shown
to overestimate lumbar spine BMD values via DEXA (30,31).
However, the overall number of patients affected appears to be
small, and lumbar spine BMD values are on the whole concor-
dant with total hip and femoral neck BMD test results, as well
as values cited in the literature (5,13,17–20). Last, we were
unable to determine if traditional risk factors for osteoporosis
such as prior history of fracture and family history of fracture
affected BMD scores, as this information was unavailable in our
study protocol. There were too few patients taking systemic glu-
cocorticoids to compare the effect.

As our data suggest, clinicians are currently utilizing a combi-
nation of traditional risk factors for osteoporosis in addition to
markers of PsA disease severity to select patients for BMD test-
ing. This is of importance, as there are currently no formal

recommendations with regard to the optimal interval or time to
commence BMD testing within the recent major PsA guidelines
(10,32,33). Our study suggests that patients with PsA have similar
BMD compared to the general population. Patients with polyartic-
ular disease may also have lower BMD over time, although this
was not found to be of statistical significance in our multistate
analysis. Last, higher BMI and biologics use may portend a pro-
tective effect on BMD in PsA patients, and this is congruent with
findings seen in patients with spondyloarthritis in the literature
(25–27). In all, more research is needed to identify factors associ-
ated with BMD over time in the PsA population.
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B R I E F R E P O R T

Clinicopathologic Associations in a Large International
Cohort of Patients With Giant Cell Arteritis

Michael S. Putman,1 K. Bates Gribbons,2 Cristina Ponte,3 Joanna Robson,4 Ravi Suppiah,5 Anthea Craven,6

Richard Watts,7 Raashid Luqmani,6 Peter A. Merkel,8 Amy M. Archer,1 and Peter C. Grayson2

Objective. In addition to aiding in diagnosis, histopathologic findings from temporal artery biopsy (TAB) specimens
in giant cell arteritis (GCA) may be valuable for their associations with clinical features of the disease. This study was
undertaken to compare histopathologic findings on TAB with biopsy interpretation and demographic, clinical, and
imaging features at time of diagnosis.

Methods. Patients with a clinical diagnosis of GCA who had a TAB were selected from an international, multicenter
observational cohort of vasculitis. Associations between demographic, clinical, radiographic, and histopathologic
features were identified using bivariate testing and multivariate regression modeling.

Results. Of 705 patients with GCA who underwent TAB, 69% had histopathologic evidence of definite vasculitis.
Specific histopathologic findings included the presence of giant cells (51%), fragmentation of the internal elastic lamina
(41%), intimal thickening (33%), and predominantly mononuclear leukocyte infiltration (32%). Histopathologic interpre-
tation of definite vasculitis was independently associated with giant cells (odds ratio [OR] 151.8 [95% confidence inter-
val (95% CI) 60.2–551.6]), predominantly mononuclear leukocyte infiltration (OR 11.8 [95% CI 5.9–24.9]), and
fragmentation of the internal elastic lamina (OR 3.7 [95% CI 1.9–7.4]). A halo sign on temporal artery ultrasound and
luminal damage of large arteries on angiography were significantly associated with presence of giant cells (OR 2.6
[95% CI 1.1–6.5] and OR 2.4 [95% CI 1.1–5.2], respectively). Specific histopathologic findings were associated with
older age, but no associations were identified with vision loss or other clinical features.

Conclusion. Histopathologic findings in GCA are strongly associated with the clinical diagnosis of GCA but have a
limited role in identifying patterns of disease.

INTRODUCTION

Giant cell arteritis (GCA) can present clinically with nonspe-

cific findings, including fatigue, elevated inflammatory markers,

and headache (1). In patients with suspected GCA, clinical

practice guidelines recommend obtaining vascular imaging or

temporal artery biopsy (TAB) to confirm diagnosis (2). Positive

TAB results can be relatively specific (3), but pathologists may dis-

agree about histopathologic interpretation (3). The American Col-

lege of Rheumatology 1990 criteria for the classification of GCA
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describe an abnormal TAB as one “characterized by a predomi-

nance of mononuclear cell infiltration or granulomatous inflamma-

tion, usually with multinucleated giant cells” (1). Histopathologic

classification criteria have not been updated in 3 decades (4),

and little is known about the degree to which specific findings

influence histopathologic interpretation.
Specific histopathologic findings may also have value in iden-

tifying patterns of disease in GCA. Giant cells (5), transmural
inflammation (6), necrosis (7), and intimal hyperplasia (5,8) have
each been associated with cranial ischemic events, although
large series have not confirmed some of these findings (9). Giant
cells have also been associated with positive ultrasound testing
of temporal arteries (10), but no published studies have reported
on associations between specific histopathologic findings on
TAB and abnormalities observed on imaging of large arteries. A
recent large international cohort study in GCA demonstrated that
patterns of disease involvement documented by imaging are
associated with distinct clinical patterns (11). Whether specific
histopathologic findings also reflect clinical subtypes of GCA
should be determined.

The objective of this study was to use a large international
cohort of patients with GCA to identify associations between his-
topathology on TAB and biopsy interpretation, demographic
characteristics, clinical presentation, and abnormalities detected
on imaging.

MATERIALS AND METHODS

The Diagnostic and Classification Criteria in Vasculitis
(DCVAS) is an international observational cohort of patients with
vasculitis (11). Comprehensive demographic and clinical data
were collected using standardized forms. Findings were recorded
only if present at the time of diagnosis. For this study, we included
all physician-submitted cases of patients with GCA who had a
diagnosis confirmed by expert panel review and who underwent
a temporal artery biopsy (12). This specific project was conducted
without patient or public involvement. The study was performed
in accordance with the 1964 Declaration of Helsinki; ethical
approval was obtained by national and local ethics committees.

Fever, weight loss, joint or muscle symptoms, jaw or tongue
claudication, arm or leg claudication, new persistent headache,

scalp tenderness, and vision loss (temporary vision loss, ongoing
vision loss) were clinical symptoms selected for analysis. Physical
examination and laboratory findings selected for analysis
included temporal artery abnormalities, other vascular abnormal-
ities (diminished/absent pulses or vascular bruits of the upper
extremities/lower extremities), anemia (hemoglobin <10 gm/dl),
leukocytosis (leukocytosis >15,000 cells/liter), abnormal erythro-
cyte sedimentation rate (>50 mm/hour), and abnormal C-reactive
protein level (>10 mg/liter). Information about treatment course,
including glucocorticoid initiation and dose, relative to the timing
of specific clinical assessments was not available.

Imaging studies were performed at the discretion of the
treating physician. Temporal artery ultrasound was defined as
positive if a halo sign was documented by the reporting physician.
Other reported ultrasound findings, such as vessel wall thickening
or occlusion, were not included in the definition of a positive ultra-
sound. Large vessel angiography, including by magnetic reso-
nance imaging, computed tomography, or catheter based, was
defined as positive if luminal damage was recorded in any of the
large arteries (e.g., stenosis, occlusion, or aneurysm). Aortic
involvement on 18F-fluorodeoxyglucose–positron emission
tomography (FDG-PET) was defined by the presence of patho-
logic FDG uptake in the thoracic and abdominal descending
aorta. All imaging modalities were interpreted at each participating
institution.

TABs were performed at the discretion of the treating physi-
cian, and all biopsies were interpreted by local pathologists; no
central pathology review was performed. Overall histopathologic
interpretation of the biopsy specimen was reported as normal,
nondiagnostic, consistent with vasculitis but not definite, and def-
inite vasculitis according to clinical interpretation by the local phy-
sicians. Specific reported pathologic findings that were selected
for analysis were giant cells, fragmentation of the internal elastic
lamina, intimal thickening, predominantly mononuclear leukocytes
infiltrate, vascular thrombosis, granuloma, and perivascular
inflammation only without vessel wall involvement in a specimen.

Four multivariate logistic regression models were used to
study the association between common specific histopathologic
findings as independent variables (giant cells, fragmentation of
the internal elastic lamina, intimal thickening, and predominantly
mononuclear leukocytes) and 1) interpretation as definite vasculi-
tis on histopathology, 2) halo sign on temporal artery ultrasound,
3) abnormal uptake on FDG-PET, and 4) abnormal large vessel
imaging on angiography as dependent variables. Age, sex, the
time between the date of symptom onset and the date of diagno-
sis (<30 days, 30–90 days, >90 days), and continent (North
America, Europe, Asia, Oceania) were included as covariates in
each of the models.

Four additional multivariate logistic regression models were
used to study the associations of demographic and clinical char-
acteristics (age, sex, new persistent headache, jaw or tongue
claudication, scalp tenderness, abnormal temporal artery on

SIGNIFICANCE & INNOVATIONS
• Specific findings on temporal artery biopsy are

highly associated with histopathologic assessment.
• Specific findings on temporal artery biopsy were

not associated with clinically meaningful patterns
of disease.

• Physicians may choose diagnostic modalities based
upon the pretest probability of disease, suspected
involvement of specific arteries, and local expertise.
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physical examination, abnormal serum C-reactive protein level,
number of days from symptom onset to vasculitis diagnosis,
vision loss, continent) as independent variables, with common
specific pathologic findings (giant cells, fragmentation of the inter-
nal elastic lamina, intimal thickening, and predominantly mononu-
clear leukocytes) as dependent variables. Findings are presented
as odds ratios (ORs). These models also included time to diagno-
sis and continent as covariates. All analyses were performed on
RStudio, version 1.2.5033.

RESULTS

In total, 705 patients underwent TAB and had a diagnosis of
GCA confirmed by expert panel review. The mean � SD age of
the patients was 73.5 � 8.5 years, and the majority were female
(65%). A histopathologic interpretation of TAB findings was
reported in 647 of 705 (92%) patients as follows: definite vasculitis
(69%), consistent with vasculitis but not definite (9%), normal
(13%), and nondiagnostic (8%). Specific histopathologic findings
were reported in 496 of 705 (70%) and included the presence of
giant cells (51%), fragmentation of the internal elastic lamina
(41%), intimal thickening (33%), predominantly mononuclear leu-
kocyte infiltration (32%), vascular thrombosis (4%), granuloma
(4%), and perivascular inflammation without vessel wall involve-
ment (2%) (Table 1). More than 1 specific pathologic finding was
reported in 59.7% of patients; the frequency of individual findings
occurring together is available in Supplementary Table 1, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24540.

After adjusting for demographic characteristics, time to diag-
nosis, and continent, the specific findings independently associ-
ated with a histopathologic assessment of definite vasculitis
were presence of giant cells (OR 158.2 [95% confidence interval
(95% CI) 60.2–551.6]), fragmentation of the internal elastic lamina
(OR 3.7 [95% CI 1.9–7.4]), and predominantly mononuclear leu-
kocyte infiltration (OR 11.8 [95% CI 5.9–24.9]). All patients with
granuloma (22 of 22, 100%) and almost all with vascular thrombo-
sis (25 of 26, 96%) were diagnosed with definite vasculitis, but
these findings were infrequent and excluded from the analysis.
Patients frequently had histopathologic evidence of definite vas-
culitis despite concomitant unremarkable vascular imaging stud-
ies, including 28 of 41 (68%) without a halo sign, 49 of 79 (62%)
with normal angiography, and 41 of 50 (82%) with normal FDG-
PET. Giant cells were associated with a halo sign on temporal
artery ultrasound (OR 2.6 [95% CI 1.1–6.5]) and with abnormal
angiography (OR 2.4 [95% CI 1.1–5.2]). No specific histopatho-
logic findings were associated with abnormal aortic uptake on
FDG-PET (Table 2). The frequency of specific histopathologic
findings and a histopathologic assessment of consistent with vas-
culitis but not definite can be found in Supplementary Table 2,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24540.

Older age was associated with the presence of giant cells
(OR 2.42 [95% CI 1.52–3.90] for age >79 years; OR 1.74 [95%
CI 1.04–2.91] for 75–79 years; OR 1.91 [95% CI 1.20–3.06]
for 68–74 years; referent age <68 years), fragmentation of the

Table 1. Frequency of demographic and clinical characteristics of
705 patients with giant cell arteritis at time of diagnosis*

Variable Value

Age, years†
<68 190 (27)
68–74 183 (26)
75–79 137 (19)
>79 194 (28)

Sex
Female 455 (65)
Male 250 (35)

Smoking
Current 93 (14)
Previous 213 (31)
Never 380 (55)

Reported symptoms
Fever 119 (17)
Weight loss 222 (31)
Joint or muscle symptoms 340 (48)
Jaw or tongue claudication 363 (51)
Arm or leg claudication 30 (4)
New persistent headache 578 (82)
Scalp tenderness 281 (40)
Vision loss 173 (25)

Examination findings
Temporal artery abnormality 357 (51)
Other vascular abnormality 124 (18)

Laboratory findings
Anemia 92 (13)
Leukocytosis 77 (11)
Abnormal ESR 480 (68)
Abnormal CRP 621 (91)

Imaging findings
Halo sign on ultrasound 181 (80)
Aortic uptake on PET 20 (24)
Abnormal angiography 66 (43)

Time to diagnosis, days
<30 212 (30)
30–90 272 (39)
>90 221 (31)

Specific histopathologic findings
Giant cells 303 (51)
IEL fragmentation 242 (41)
Intimal thickening 198 (33)
Mononuclear leukocytes 193 (32)
Vascular thrombosis 26 (4)
Granuloma 23 (4)
Perivascular inflammation only 8 (2)

Histopathologic diagnosis
Definite vasculitis 445 (69)
Consistent, not definite 61 (9)
Normal 87 (13)
Nondiagnostic 54 (8)

* Values are the number (%). Numbers may not add to 705 because
of missing values (<3% for demographic characteristics, reported
symptoms, examination findings, and laboratory findings) or non-
performed assessments (variable by assessment). CRP = C-reactive
protein; ESR = erythrocyte sedimentation rate; IEL = internal elastic
lamina; PET = positron emission tomography.
† Age was divided into quartiles for analysis.
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internal elastic lamina (OR 2.35 [95% CI 1.46–3.80] for age
>79 years versus <68 years), and intimal thickening (OR 1.93
[95% CI 1.19–3.17] for age >79 years versus <68 years). Tem-
poral artery abnormalities on clinical examination were associated
with the presence of mononuclear leukocyte infiltrates (OR 2.01
[95% CI 1.38–2.94]). No histopathologic findings were associated
with any other clinical features, laboratory abnormalities, days from
symptom onset to vasculitis diagnosis, or vision loss (Table 3).

DISCUSSION

This study demonstrated that giant cells, fragmentation of
the internal elastic lamina, and predominantly mononuclear
leukocyte infiltrates were the typical findings associated with
histopathologic assessment of definite GCA. This supports long-
standing classification criteria (4) and confirms similar published
findings (13). One-third of patients had intimal thickening, but
this finding was not independently associated with a diagnosis
of GCA. Despite intimal hyperplasia’s important relationship with
vascular complications (5,8), this finding can be seen in age-
related atherosclerosis and may be viewed as less specific by
pathologists. The majority of patients diagnosed with GCA had
>1 specific pathologic finding on TAB, but specific pathologic
findings were also reported in isolation. The wide variability of
histologic findings in our cohort highlights the need for a stan-
dardized set of histopathologic criteria to define arterial involve-
ment in GCA.

Confirming prior observations (10), the presence of giant
cells was independently associated with a halo sign on tem-
poral artery ultrasound. Additionally, there was an association
between giant cells and abnormal large vessel angiography.

These results suggest that the presence of classic histopa-
thology on TAB corresponds with a higher likelihood of
abnormal vascular imaging. However, patients often had his-
topathologic evidence of vasculitis despite unremarkable find-
ings on concomitant vascular imaging studies. A lack of
association between pathology and imaging findings should
be interpreted with caution, as this cohort only included
patients who received a TAB, and the timing of TAB with
respect to imaging findings and glucocorticoid initiation was
not available. Overall, these results support an emerging
paradigm in which TAB and imaging modalities function in
a complementary fashion (11,14). Given the heterogeneity
of disease presentations in GCA, physicians may choose
diagnostic modalities based on the pretest probability of dis-
ease, suspected involvement of specific arteries, and local
expertise.

Similar to other cohorts of patients with GCA, specific histo-
pathologic findings were not associated with the development of
vision loss (6,9,15). When present in other cohorts (5,7,8), the
strength of such associations has been low (5,7). The current
study of >700 patients, one-fourth of whom experienced vision
loss, was both internationally representative and adequately pow-
ered to identify clinically relevant associations. Concordance
between this and other large cohorts (7,15) suggests that histo-
pathologic findings are unlikely to be clinically meaningful with
regard to vision loss. Furthermore, aside from older age, there
were no associations between specific histopathologic findings
and demographic characteristics, clinical presentation, or labora-
tory abnormalities. The role of specific histopathologic findings in
defining clinical patterns of GCA or guiding medical decision-
making appears to be minimal.

Table 2. Association of specific pathologic findings from temporal artery biopsies with a pathologic assessment or imaging features of giant
cell arteritis*

Pathologic finding

Pathologic assessment
of definitive vasculitis†

Presence of halo sign on
temporal artery ultrasound†

Abnormal FDG
uptake on PET†

Abnormal large vessel
imaging on angiography†

No. (%) OR (95% CI) No. (%) OR (95% CI) No. (%) OR (95% CI) No. (%) OR (95% CI)

Giant cells 289 (98) 158.2 (60.2–551.6)‡ 87 (88) 2.6 (1.1–6.5)‡ 10 (24) 3.3 (0.7–21.6) 37 (54) 2.4 (1.1–5.2)‡
Fragmentation of the
internal elastic
lamina

202 (87) 3.7 (1.9–7.4)‡ 64 (85) 1.6 (0.6–4.4) 5 (19) 1.1 (0.2–7.1) 20 (45) 0.7 (0.3–1.9)

Intimal thickening 148 (82) 0.9 (0.5–1.9) 64 (88) 2.1 (0.9–5.8) 3 (14) 0.56 (0.1–3.8) 21 (46) 0.8 (0.3–1.9)
Predominantly
mononuclear
leukocytes

168 (91) 11.8 (5.9–24.9)‡ 89 (82) 0.8 (0.3–1.9) 2 (15) 0.2 (0.1–1.3) 17 (42) 0.8 (0.3–1.8)

Vascular thrombosis§ 25 (96) NA 10 (83) NA 0 (0) NA 2 (67) NA
Granuloma§ 22 (100) NA 2 (50) NA 0 (0) NA 4 (57) NA
Perivascular
inflammation only§

7 (100) NA 1 (50) NA 1 (33) NA 2 (67) NA

* 95% CI = 95% confidence interval; FDG = fluorodeoxyglucose; NA = not assessed; OR = odds ratio; PET = positron emission tomography.
† Data from a logistic regression that included giant cells, fragmentation of the internal elastic lamina, intimal thickening, and predominantly
mononuclear leukocytes as dependent variables with age, sex, time between symptom onset and diagnosis (<30 days, 30–90 days,
and >90 days), and continent (North America, Europe, Asia, Oceania) included as covariates in the model.
‡ P < 0.05.
§ Excluded from analysis for unstable findings on regression.
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This study has a number of limitations. Histopathologic inter-
pretation of TABs was performed at individual sites; missing data,
operator error, and nonstandard reporting may limit the utility of
these findings. The timing of TAB, imaging findings, and steroid
initiation was not available. Case report forms did not include
some potentially relevant histopathologic information, and local
pathologists may have underreported potentially relevant find-
ings, such as perivascular inflammation. Relatively few patients
underwent imaging studies, and this analysis may be underpow-
ered to detect meaningful associations. Longitudinal data were
not available. Finally, the duration and dose of glucocorticoids
prior to entry into the cohort were unknown.

These limitations notwithstanding, this is the largest
investigation to date of histopathologic findings in temporal artery
biopsies from patients with GCA. This was a multicenter, interna-
tional study based on standardized case report forms, and all
diagnoses were adjudicated by an expert panel. These results
suggest that specific histopathologic TAB findings have value in

diagnosing GCA but a limited role in defining clinical patterns of
disease.
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Jaw or tongue claudication
No Ref. Ref. Ref. Ref.
Yes 1.23 (0.87–1.75) 1.11 (0.78–1.59) 1.14 (0.79–1.65) 1.14 (0.79–1.65)

Scalp tenderness
No Ref. Ref. Ref. Ref.
Yes 0.74 (0.51–1.07) 0.99 (0.68–1.44) 1.27 (0.87–1.87) 0.93 (0.63–1.37)

Abnormal temporal artery on
physical examination

No Ref. Ref. Ref. Ref.
Yes 1.08 (0.76–1.53) 1.36 (0.95–1.96) 1.33 (0.92–1.93) 2.01 (1.38–2.94)‡

Abnormal serum CRP level
No Ref. Ref. Ref. Ref.
Yes 1.19 (0.63–2.27) 0.62 (0.32–1.17) 1.16 (0.60–2.35) 1.48 (0.75–3.11)

No. of days from symptom
onset to vasculitis diagnosis

<30 Ref. Ref. Ref. Ref.
30–90 1.29 (0.84–1.97) 1.21 (0.79–1.87) 0.97 (0.62–1.51) 1.20 (0.77–1.89)
>90 1.10 (0.71–1.71) 0.75 (0.48–1.18) 0.89 (0.56–1.42) 0.95 (0.59–1.51)

Vision loss
No Ref. Ref. Ref. Ref.
Yes 0.94 (0.63–1.42) 1.16 (0.76–1.75) 1.09 (0.71–1.65) 1.00 (0.64–1.53)

* Values are the odds ratio (95% confidence interval). Data from 4 logistic regressions with pathologic findings as dependent variables and
demographic characteristics, clinical variables, and outcomes included as covariates. Continent (North America, Europe, Asia, Oceania) also
included in model. CRP = C-reactive protein; ref. = reference.
† Age was divided into quartiles for analysis.
‡ P < 0.05.
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Chronic Primary or Secondary Noninflammatory
Musculoskeletal Pain and Disrupted Sexual Function
and Relationships: A Systematic Review

Andrew M. Briggs,1 Helen Slater,1 Sharon Van Doornum,2 Lauren Pearson,3 Eliza C. Tassone,4

Lorena Romero,5 Jason Chua,6 and Ilana N. Ackerman3

Objective. Evidence points to the impact of chronic musculoskeletal pain conditions on sexual function, yet there is
little systematic appraisal and synthesis of evidence examining these associations across noninflammatory conditions.
We aimed to systematically review evidence surrounding the association between chronic primary and chronic sec-
ondary musculoskeletal pain with intimate relationships and sexual function.

Methods. Four electronic databases were searched from January 1, 1990 to September 5, 2019 for cross-sectional
or prospective epidemiologic and qualitative studies among cohorts with chronic primary or secondary noninflamma-
tory musculoskeletal pain, defined by International Classification of Diseases, Eleventh Revision classification criteria.

Results. Fifty-one eligible studies were included (46 quantitative, 3 qualitative, 2 mixed-methods designs). Sample
sizes ranged from 13 to 12,377 and mean age from 32.6 to 69.2 years. Cross-sectional controlled cohort studies con-
sistently reported poorer sexual function outcomes among cohorts with pain relative to comparison groups. Of 15 stud-
ies reporting outcomes for the Female Sexual Function Index, 14 demonstrated mean scores of ≤26.55 for the pain
group, indicating sexual dysfunction. In 4 studies reporting the International Index of Erectile Function, the pain cohorts
demonstrated consistently lower mean subscale scores and the erectile function subscale scores were ≤25.0, indicat-
ing erectile dysfunction. Three key themes emerged from ameta-synthesis of qualitative studies: impaired sexual func-
tion; compromised intimate relationships; and impacts of pain on sexual identity, body image, and self-worth.

Conclusion. Sexual dysfunction and negative impacts on intimate relationships are highly prevalent among people
with chronic noninflammatory musculoskeletal pain. Consideration of these associations is relevant to the delivery of
holistic, person-centered musculoskeletal pain care.

INTRODUCTION

Sexual and relationship health are important components of

quality of life and are highly relevant to individuals living with

chronic health conditions (1), irrespective of age, sex, or level of

disability (2,3). Sexual function comprises physical, emotional,

mental, and social domains (3). Sequelae of impaired sexual func-

tion may manifest across 1 or more of these domains, including

the quality of intimate relationships (4). Similarly, chronic health

conditions affect multiple dimensions of a person’s life, including

sexuality and sexual function (2). Understanding the association

between chronic health conditions and sexual function is, there-

fore, important for informing holistic person-centered pain care.

While these issues have been explored across a range of

high-burden diseases, including cancer, diabetes mellitus, and

cardiovascular disease (5–7), despite the enormous burden of

disease (8,9) the evidence across noninflammatory musculoskel-

etal pain conditions is equivocal.
Recently, we reported findings from our earlier systematic

review of the association between inflammatory arthritis, intimate

relationships, and sexual function (10), highlighting the high prev-

alence of sexual dysfunction in people with inflammatory arthritis
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and associated negative impacts on intimate relationships. Rich

insights from lived experiences reported in qualitative studies

highlighted contributing factors, including pain, stiffness, reduced

mobility, fatigue, and reduced sexual desire. However, our under-

standing of the association between chronic noninflammatory

musculoskeletal pain conditions and sexual function or intimate

relationships remains limited. Existing systematic review–level evi-

dence is limited to fibromyalgia (FM) (11) and postoperative

outcomes for joint arthroplasty (12–14), and nonsystematic

review evidence for FM, musculoskeletal pain, and hip arthro-

plasty outcomes (15–19). While there will be factors common to

all pain conditions that influence sexual function, there may be

important disease-specific differences, such as between inflam-

matory and noninflammatory conditions.
Using the World Health Organization (WHO) International

Classification of Diseases Eleventh Revision (ICD-11) as a con-
temporary classification framework, we aimed to systematically
synthesize available evidence on the self-reported beliefs, per-
spectives, and experiences of people with chronic primary or sec-
ondary noninflammatory musculoskeletal pain around intimate
relationships and sexual function.

MATERIALS AND METHODS

Study design. This was a systematic review of quantitative
and qualitative studies. The protocol was registered on PROS-
PERO (CRD42019134180). The review is reported according to
the 2009 Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement (see Supplementary Table 1, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24711) (20).

Eligibility for inclusion. Primary studies with qualitative,
quantitative, or mixed-method designs published in English in
peer-reviewed journals were included. Evidence sources outside

Table 1. Summary of inclusion and exclusion criteria aligned with ICD-11 classification categories for chronic pain, based on level 1 (parent)
diagnosis and levels 2 and 3 (child) diagnoses*

Inclusion criteria for chronic pain (duration >3 months) Exclusion criteria

1: Chronic primary pain;† 2/3: chronic primary musculoskeletal
pain; this classification includes chronic primary cervical pain,
chronic primary thoracic pain, chronic primary low back pain,
and chronic primary limb pain

1: Chronic primary pain;† 2/3: chronic widespread pain, in
recognition that pain of this nature is typically manifested in
musculoskeletal structures (ref. 21); this classification includes
fibromyalgia

1: Chronic primary pain;† 2/3: chronic primary head, or orofacial
pain; 2/3: chronic TMJ joint pain, which may be considered a
musculoskeletal manifestation; all other chronic primary
headache or orofacial pain classifications in this category were
excluded

1: Chronic postsurgical and post-traumatic pain;† 2/3: chronic post-
traumatic pain that includes chronic pain after whiplash injury or
chronic pain after musculoskeletal injury only‡

1: Chronic neuropathic pain;† 2/3: chronic peripheral neuropathic
pain that includes chronic painful radiculopathy and associated
with concurrent low back or neck pain‡

1: Chronic secondary musculoskeletal pain;† 2/3: chronic
musculoskeletal pain associated with structural changes; this
classification includes pain associated with osteoarthritis,
spondylosis, and musculoskeletal injury‡

Acute and subacute pain presentations (≤3 months duration)
1: Chronic secondary musculoskeletal pain† 2/3: chronic
musculoskeletal pain from persistent inflammation

1: Chronic secondary musculoskeletal pain;† 2/3: chronic
musculoskeletal pain associated with diseases of the nervous
system (e.g., hypertonicity in Parkinson’s disease)

1: Chronic primary pain;† 2/3: chronic regional pain syndrome
1: Chronic primary† and chronic secondary† headache or
orofacial pain, other than TMJ conditions

1: Chronic primary† and chronic secondary† visceral pain
1: Chronic cancer-related pain†
1: Chronic postsurgical and post-traumatic pain;† 2/3: chronic
postsurgical pain

1: Chronic postsurgical and post-traumatic pain;† 2/3: chronic
post-traumatic pain other than whiplash and musculoskeletal
injury pain‡

Chronic neuropathic pain† unless a chronic painful radiculopathy
associated with concurrent low back or neck pain

Musculoskeletal pain conditions associated with pregnancy

* See reference 23. ICD-11 = International Classification of Diseases Eleventh Revision; TMJ = temporomandibular jaw.
† Relevant top-level (parent) code.
‡ Double parenting.

SIGNIFICANCE & INNOVATIONS
• This comprehensive systematic review (51 included

studies) provides evidence of the impact of chronic
musculoskeletal pain on sexual function and inti-
mate relationships, demonstrating significant and
wide-reaching impacts.

• Impacts of chronic musculoskeletal pain extend
beyond physiologic function to also impact func-
tional (e.g., compromised ability to engage in inter-
course), social (e.g., relationship disharmony), and
psychological domains (e.g., impaired sexual identity
and self-worth) relevant to sexual function.

• Inclusion of both quantitative and qualitative
research has provided a richer understanding of the
broader impacts of chronicmusculoskeletal pain.

• The review also road-tested the International Classi-
fication of Diseases, Eleventh Revision framework
for systematically classifying musculoskeletal pain
conditions in published studies.
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full-text research articles were not included. We limited our search
to cross-sectional or prospective epidemiologic and qualitative
studies. Studies had to report participant-level outcomes includ-
ing but not limited to concerns, thoughts, beliefs, experiences,
and opinions among people with chronic primary or secondary
noninflammatory musculoskeletal pain, concerning the impact of
their pain/condition on, or the association of their pain/condition
with, intimate relationships and/or sexual function or sexual
health. Both males and females age ≥15 years were included with
no restrictions on setting.

We defined sexual function/sexual health in line with the WHO
definition (3). Inclusion criteria for health conditions as aligned with
the new WHO ICD-11 classification for chronic pain (21–23) are
summarized in Table 1. Operational definitions are provided in
Table 2 and further information about chronic pelvic pain classifica-
tion is provided in Supplementary Appendix A, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24711. The classification structure we applied
was based on that described by the International Association for
the Study of Pain and cross-referenced with the WHO ICD-11
look-up browser (21–23). Where patient-level outcomes were
reported in a disaggregated manner for cohorts with mixed pain
classifications (e.g., postsurgical and pre- or nonsurgical), we
included data for the cohorts that matched the inclusion criteria
and excluded data for the other cohorts.

Search strategy and selection of studies. Four elec-
tronic databases (Ovid Medline, Ovid PsycINFO, Ovid EMBASE,
and EBSCO CINAHL Plus) were searched systematically from
January 1, 1990 to September 5, 2019. An initial search was con-
ducted in Medline and EMBASE from May to August 2019. Analy-
sis of text words and subject heading terms was then used to
develop the final searches (by LR), with feedback from the multidis-
ciplinary research team reflecting expertise in physiotherapy, rheu-
matology, and pain medicine (AMB, HS, SVD, and INA). The
comprehensive search strategy used for each database is pre-
sented in Supplementary Table 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/

acr.24711. Two reviewers (LP and ECT) independently screened
titles and abstracts to determine each article’s eligibility for inclusion
using Covidence software (Veritas Health Innovation Ltd). The full
texts of potentially eligible articles were then reviewed indepen-
dently by 2 reviewers (LP and ECT) to confirm their eligibility. Any
discordance regarding eligibility was resolved through consensus
and arbitrated by a third reviewer (AMB or INA). The reference lists
of all included full-text studies and any systematic reviews identified
in the primary yield were manually screened and assessed for eligi-
bility (title/abstract and subsequently full-text review). Citation
screening and selection are summarized in Figure 1.

Data extraction.Data extractionwas undertaken by 2 pairs
of reviewers independently (LP and ECT, or AMB and INA) and a
consensus data set derived. Qualitative and quantitative data were
extracted separately. Based on the data extracted for pain diagno-
sis and review of case definitions, AMB and HS independently clas-
sified the cohorts described in the included studies using the ICD-
11 system (23) and resolved any discordance through consensus
discussion. We applied top-level (parent and double parent where
indicated) tree structures and proceeded to classify pain conditions
with second- (child) and third- (child) level classification branches,
where possible and consistent with the inclusion criteria outlined
in Table 1. For qualitative studies, the first-order data (the quotes
from the primary study participants) and second-order data
(themes, subthemes developed by authors of included
articles) were extracted to preserve links to the original quotes
and context from the primary study.

Quality and risk of bias appraisal. The methodologic
quality of the included studies was appraised independently by
2 teams of 2 reviewers and a consensus appraisal score derived
for each study. We used the validated Joanna Briggs Institute qual-
ity appraisal tools for analytical cross-sectional studies, cohort
studies, case–control studies, and qualitative research (24,25).
Any discordance regarding critical appraisal outcomes was
resolved through consensus. Joanna Briggs Institute appraisal
tools varied from 8–11 items, depending on the study design.

Table 2. Operational descriptions of chronic musculoskeletal pain, as defined by the WHO ICD-11*

Descriptor Definition

Chronic primary
musculoskeletal pain

A pain experience persisting for >3 months, is associated with significant emotional distress and/or functional
disability, is experienced in muscles, bones, joints, or tendons, which cannot be attributed directly to a known
disease or damage process, and the pain is not better accounted for by another condition (21,22). An example
would be nonspecific low back pain (LBP).

Chronic secondary
musculoskeletal pain

A pain experience persisting for >3 months and where pain may be conceived as a symptom secondary to an
underlying disease classified elsewhere, such as osteoarthritis (21,22). While chronic primary musculoskeletal
pain and chronic secondary musculoskeletal pain classifications comprise the majority of musculoskeletal pain
conditions, there are other classification groups within the ICD-11 structure for chronic pain that are potentially
relevant to musculoskeletal pain conditions, including chronic widespread pain, chronic primary and secondary
headache or orofacial pain, chronic postsurgical and post-traumatic pain and chronic neuropathic pain (where
associated with a musculoskeletal pain condition such as LBP, requiring double parenting with chronic
secondary musculoskeletal pain).

* ICD-11 = International Classification of Diseases, Eleventh Revision; WHO = World Health Organization.
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Scores were therefore normalized to percentages to allow for com-
parison of evidence quality across the different study design tools.

Data analysis and synthesis of results. Descriptive and
outcomes data from quantitative studies were summarized and
reported narratively. The results of the qualitative studies were
meta-synthesized using a staged method of thematic analysis
within an inductive approach, aligned to contemporary standards
of meta-ethnography (26–28). First, each reviewer (LP and ECT)
read the full-text article multiple times, highlighting relevant sections
related to the review question to inductively develop initial catego-
ries with constant comparison to the primary data (29). These cat-
egories were organized into an initial thematic framework by AMB,
which was reviewed by other authors to consider construct validity
and clinical meaningfulness. Second, the framework was popu-
lated with extracted data from the primary studies to ensure that
the inductively derived themes and subthemes were underpinned
by primary data. Once populated, the framework was again revised
and reviewed by all authors to reach consensus.

RESULTS

Search yield and summary of included studies. The
search strategy yielded 3,173 unique citations, with 45 meeting

the criteria for inclusion, and a further 6 were identified from
screening the reference lists of included studies (Figure 1).
Descriptive characteristics for the 51 included studies are sum-
marized in Table 3. Of these, 46 (90%) were quantitative designs
(30–75), 3 (6%) were qualitative (76–78), and 2 (4%) used a
mixed-methods design (79,80). The majority of the included
studies were conducted in Asia (n = 19 [37%], with most
[n = 15] from Turkey) (34,35,41,42,47,51,54,55,58,59,61,64–66,
68,69,71,74,75) and Europe (n = 14 [27%]) (32,36,37,39,43–
46,48,52,57,62,72,79), with comparatively less representation from
North America (n = 8 [16%]) (30,31,38,40,56,67,70,77),
Latin America and the Caribbean (n = 3 [6%]) (33,53,63), Africa
(n = 3 [6%]) (49,50,73), and Oceania (n = 3 [6%]) (60,76,80).
One study (2%) did not provide geographic information (78).

The sample sizes for the included studies ranged from 13 (62)
to 12,377 participants (45) in quantitative studies, and from
5 (79,80) to 50 (76) in qualitative studies. Across all 51 studies,
the median sample size was n = 100 (interquartile range 52–171),
and 20% of the studies had a sample size of n ≥ 200. Twenty-six
studies included female participants only (51%) (33–36,38,39,42,
47,52–57,63–66,68,69,71,72,74,75,78,79), 20 studies (39%)
included both females and males (30–32,37,40,41,44–46,
48–50,58,60–62,67,70,73,77), 4 studies included males only
(8%) (43,51,59,76), and 1 study (2%) (80) did not report the sex
of the participants. Mean age ranged from 32.6 years in females
with FM (74) to 69.2 years in females with hip osteoarthri-
tis (OA) (30).

The quantitative studies were largely cross-sectional in design,
involving 1 or more groups of participants (n = 37); however, retro-
spective cohort (n = 4), longitudinal cohort (n = 4), and case–control
designs (n = 1) were also used. Of the 28 studies with a comparator
group design, all but 5 used healthy, sexually active controls who
were free of chronic medication use (32,33,39,55,56). The most
common musculoskeletal pain conditions were FM/chronic wide-
spread pain (CWP; 31 studies [33–39,42,43,46–48,51–57,
63–66,68,69,71,72,74,75,78,79]) and low back pain (LBP;
14 studies [31,40,44,45,48–50,58,60,61,73,76,77,80]), classified
under the ICD-11 parent code of chronic primary pain. Other LBP
presentations were classified as chronic secondary musculoskele-
tal pain (32) and chronic neuropathic pain parent codes
(with double parenting to chronic secondary musculoskeletal pain)
(41). OA and unspecified arthritis (3 studies, classified as chronic
secondary musculoskeletal pain [30,67,70]), osteonecrosis
(1 study, classified as chronic secondary musculoskeletal pain
[59]), and lumbosacral dissociation (1 study [62], classified as
chronic post-traumatic pain) were less commonly reported.

Outcomes of quantitative studies. Outcome mea-
sures. Outcome measures covered relevant domains, including
sexual organ function, sexual satisfaction and desire, dyspareu-
nia, sexual quality of life, sexual distress, sexual disability, and
relationship quality (see Supplementary Table 3, available on the

Figure 1. Preferred Reporting Items for Systematic Reviews and
Meta-Analysis flowchart of included studies. * = 2 mixed-method stud-
ies were included in both the qualitative and quantitative syntheses.
Color figure can be viewed in the online issue, which is available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24711/abstract.
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Arthritis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24711). For the quantitative andmixed-methods
studies, a range of validated and purpose-designed tools
were used to assess participant outcomes related to sexual
function. The most commonly used tools were the Female
Sexual Function Index (FSFI) (used in 16 studies [34,35,47,
53–55,57,58,61,63,64,66,69,71,74,75]), although FSFI scores
were not reported by de Castro Ferreira et al (53), and the Inter-
national Index of Erectile Function (IIEF) (used in 4 studies [51,
58,61,62]), although no outcomes data were reported by
Adelved et al (62). The FSFI is a 19-item tool that measures sex-
ual function in females across 6 subscales (desire, subjective
arousal, lubrication, orgasm, satisfaction, and pain) and by
deriving a total score (range 2–36). Measurement properties
have been established previously (81–86) (Figure 2). The IIEF is
a 15-item tool that measures erectile function (as a measure of
sexual function) in males across 5 subscales (erectile function,
orgasmic function, sexual desire, intercourse satisfaction, overall
satisfaction) and by deriving a total score. The IIEF total score is
calculated as the sum of the scores across the 5 IIEF dimensions
(total possible range 5–75). Measurement properties have been
established previously, although more recent evidence suggests
that further psychometric development may be required (81–86)
(Figure 2).

The wide heterogeneity in outcome measures used and con-
structs assessed across the included studies rendered meta-
synthesis unfeasible. However, when examining the data, we
identified the fact that regardless of the measurement tool used
or ICD-11 classification, the cross-sectional controlled cohort
studies reported consistently poorer sexual function outcomes
among cohorts with pain relative to comparison groups, with
between-group differences being statistically significant in most
cases. Figure 2 illustrates the consistently lower sexual function
scores among cohorts with pain based on the 2 most common
instruments used (FSFI in females and IIEF in males).

Summary of FSFI data. Mean total FSFI scores among
females with pain were lower (indicating poorer sexual function)
than for comparator groups and met the diagnostic threshold for
sexual dysfunction (based on the FSFI total score of ≤26.55 [86])
in 11 of the 12 controlled cohort studies that reported data
(Figure 2A) (34,35,47,54,55,58,63,69,71,74,75). In the study by
Burri et al (57), no difference was observed in FSFI scores
between women with and without CWP (Figure 2A), although a
significant difference was observed in the Female Sexual Distress
Scale outcome in that study. The nonsignificant FSFI findings in
that study may be related to the higher mean age of female partic-
ipants (62 years for the FM group and 57 years for the healthy
controls) (Table 3), while the difference in sexual distress was
linked particularly to anxiety sensitivity and symptoms of obses-
sive compulsive behaviors evaluated (57). Notably, mean FSFI
scores for the comparator groups also met the diagnostic thresh-
old for sexual dysfunction in 5 controlled cohort studies

(35,54,58,74,75). In the 3 single-cohort studies, all mean total
FSFI scores met the diagnostic threshold for sexual dysfunction
(61,64,66).

Summary of IIEF data. Mean IIEF scores for all male cohorts
with pain met the diagnostic threshold for erectile dysfunction
(51,58), based on IIEF erectile function subscale scores of ≤25
(84). Further, consistently lower mean scores across the other
4 dimensions of the IIEF tool (orgasmic function, sexual desire,
intercourse satisfaction, overall satisfaction), and total IIEF scores
(51,58,61) were observed (Figure 2B). Additional data from Nikoo-
bakht et al (58) indicate that a significantly higher proportion of
males with LBP experienced any level of erectile dysfunction and
more severe erectile dysfunction compared with healthy controls,
based on IIEF thresholds (see Supplementary Table 3, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24711). The mean IIEF erectile func-
tion subscale score in the control group in this study also reached
the diagnostic threshold for erectile dysfunction (Figure 2B) (58).

Prevalence of sexual dysfunction. In single-group cohort
studies, the prevalence of sexual dysfunction outcomes ranged
widely, from 0% in males with chronic LBP (CLBP) and sciatic
pain (41) to 72% in males with unspecified hip arthritis (67). In
female cohorts, sexual dysfunction outcomes ranged from 12%
in a cohort with CLBP (49) to 96% in a cohort with unspecified
hip arthritis (67).

Outcomes of qualitative studies. Five studies contrib-
uted to the meta-synthesis of qualitative studies (76–80), includ-
ing cohorts of females with FM and males and females with LBP.
Across these studies, 3 overarching themes were identified
through meta-synthesis: 1) impacts of pain on sexual activity, 2)
impacts of pain on intimate relationships, and 3) impacts of pain
on sexual identity, body image, and self-worth.

Theme 1 was supported by the greatest volume of data
regarding the impact on sexual activity. Theme 1 comprised
impacts that extended to cessation of sexual activity, pain with
sexual activity or intimate touch, the need to adopt alternative posi-
tions for intercourse to manage pain, and reduced libido and plea-
sure associated with sexual activity due to pain or the expectation
of increased pain. Table 4 describes the themes and subthemes
in more detail, supported by quotes from the primary studies.

Quality and risk of bias. The outcomes of the quality and
risk of bias appraisals are summarized in Supplementary Table 4,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24711. Across the study
designs, normalized quality scores ranged from 20% to 100%.
The mean score for quantitative cross-sectional studies (72.5%)
was higher than for qualitative studies (66.0%), while only single
studies contributed to scores for prospective cohort designs
(55.6% [68]) and case–control designs (100% [65]). Analytical
cross-sectional studies scored lowest for describing the subjects
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and setting, measuring exposure in a valid and reliable way and
describing strategies to deal with confounders.

DISCUSSION

This systematic review identified consistent evidence con-
cerning the association between chronic noninflammatory mus-
culoskeletal pain conditions and sexual function or intimate

relationships. We intentionally adopted wide inclusion criteria to
capture a broad range of noninflammatory musculoskeletal pain
conditions. This approach represents an extension of earlier
disease-specific reviews (11,13,14,16,17) and nonsystematic
reviews (18,19). Adopting inclusion criteria that consider a range
of conditions is important in the context of co- and multimorbidity
of pain conditions (87) and enables a more comprehensive under-
standing of the impact of a chronic pain experience, agnostic to

Figure 2. A, Mean Female Sexual Function Index (FSFI) scores and SDs (error bars) across included studies. Sexual dysfunction is generally
accepted by a total FSFI score of ≤26.55, indicated by the horizontal line. B, Mean International Index of Erectile Function (IIEF) 5-domain scores
and SDs (error bars) across included studies. Erectile dysfunction, specifically, is indicated by an IIEF erectile function subscale score of ≤25 (84), indi-
cated by the horizontal line. a = Batmaz et al (pain group [51]); b = Batmaz et al (no pain group [51]); c = Nikoobakht et al (pain group, total score not
reported [58]); d = Nikoobakht et al (no pain group, total score not reported [58]); e = Pakpour et al (pain group, no comparison group, IIEF total score
only [61]). FM = fibromyalgia; LBP = low back pain; MD = major depression; CWP = chronic widespread pain. * = no comparison group; † = lifelong;
†† = past 4 weeks; ^ = range 0.6–32; ^^ = range 4.5–40.2; ˇ = statistically significant difference (P < 0.05) reported between groups in the study.
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diagnosis. Application of the ICD-11 coding system provided a
contemporary classification framework that worked well for iden-
tifying relevant musculoskeletal pain conditions (21,22), suggest-
ing it could be used in this way in aligned research.

Our findings highlight the wide-ranging impacts of chronic
musculoskeletal pain on both sexes, including impacts on phys-
iologic (e.g., sexual organ dysfunction), functional (e.g., compro-
mised ability to engage in intercourse), social (e.g., relationship
and familial disharmony), and psychological domains (e.g.,
impaired sexual identity and self-worth) relevant to sexual func-
tion (3). While these data were acquired from cohorts with
chronic primary pain (CWP and chronic primary musculoskeletal
pain) and chronic secondary musculoskeletal pain (associated
with OA and structural changes), they corroborate the findings
of our previous review involving cohorts with chronic secondary
musculoskeletal pain associated with persistent inflammation
(10). Disease-specific differences were identified between the
reviews (e.g., impacts aligned to disease-related fatigue and
stiffness and a fluctuating course in patients with inflammatory
arthritis); however, the collective findings highlight the multidi-
mensional association between chronic musculoskeletal pain
and sexual function. This association reaches beyond physio-
logic processes and sexual relationships and appears indepen-
dent of sex and the etiology or diagnostic classification.
Importantly, the findings align with other reviews that point to
similar biopsychosocial impacts experienced among people
with cancer pain and neuropathic pain (2,18).

The WHO defines sexual health as “…a state of physical,
emotional, mental, and social well-being in relation to sexuality; it
is not merely the absence of disease, dysfunction, or infirmity”
(3). However, an accepted definition of sexual dysfunction that
encompasses these complex, multidimensional, and interrelated
components remains elusive. The absence of a consensus defini-
tion of the multidimensional components of sexual dysfunction is
reflected in the plethora of tools that were used to measure sexual
function outcomes across the included studies, creating large
heterogeneity in outcomes and marked differences in the opera-
tional definitions and interpretations of sexual dysfunction. While
the most common tools (the FSFI and IIEF) featured regularly,
the heterogeneity in outcomemeasures made synthesis challeng-
ing and meta-analysis unfeasible. Deriving a standard or consen-
sus measure of sexual health in musculoskeletal pain for clinical
practice and research purposes would be advantageous.

The majority of included studies sampled individuals with
CWP/FM. This high proportion may reflect the polysymptomatic
distress associated with CWP/FM, in particular depression. Our
data demonstrating the substantial impact of FM on sexual func-
tion support a recent meta-analysis of 6 studies involving female
patients with FM where the FSFI or Changes in Sexual Function-
ing Questionnaire were used (11), as well as earlier narrative
reviews (16,18). The high proportion of CLBP cohorts in the pres-
ent review also likely reflects the high population prevalence and

the profound impact of living with CLBP, including impairments
in physical function, mobility, and psychosocial wellbeing (88).
The included studies involved individuals with chronic primary
musculoskeletal pain or chronic secondary musculoskeletal pain,
without evidence of differences in the nature of sexual function
outcomes between these ICD-11 classifications. The observation
of no difference in sexual function outcomes suggests that the
association between the experience of pain and sexual dysfunc-
tion is not reliably related to the diagnostic or classification cate-
gory, and in particular, is not related to structural pathology only,
which may feasibly affect sexual function, such as pudendal neu-
ropathy. Such an interpretation is consistent with a contemporary
understanding of chronic pain as a complex, highly individualized,
and multidimensional experience best viewed through a
biopsychosocial lens.

Although limited in volume, the qualitative data provide
important insights into the lived experience of chronic musculo-
skeletal pain. These data reinforce the importance of appreciating
the wide-reaching impacts of chronic pain on people’s lives:
impaired sexual function and sexual identity contribute to reduced
quality of life and sense of self-worth. These deeply personal per-
spectives would not usually be discernible from quantitative
research designs alone. Therefore, these insights are helpful in
contextualizing and interpreting the quantitative data, particularly
those limited to binary outcomes for libido, satisfaction, dyspareu-
nia, and sexual problems, or binary outcomes relating to the
physiologic function of sexual organs (32,35,38,49,53,65–
67,70,72,73,79,80).

Despite the importance to patients, many clinicians do not
address sexual health issues in consultation with their patients
(2,18). A range of reasons for this absence have been cited
through meta-synthesis of qualitative studies, including a lack of
time, resources, and training, concern about knowledge and abil-
ities, worry about causing offense, personal discomfort, and a
lack of awareness about potential sexual health issues in their
patient groups (89). Our current review reinforces evidence from
the extant literature that chronic musculoskeletal pain is associ-
ated with significant sexual dysfunction for a sizable proportion
of people.

While we did not evaluate mediators of sexual function in
this review, exploring such mediators represents an important
consideration for future evidence syntheses with implications for
clinical practice. Some of the included studies identified important
mediating variables for sexual function, such as relationship har-
mony (36,44), psychological health (35,39,43,47,52,54,57,58,
61,65,69,73,74), sleep quality (64,66), socioeconomic circum-
stances (58), and hematologic parameters (63), with some indica-
tion that poor psychological wellbeing appears to be a stronger
predictor of sexual dysfunction than pain intensity (37,39). Given
the inconsistent reporting of comorbid health states across the
included studies, we are unable to infer reliable associations
between potential covariates. More systematic reporting of
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Table 4. Meta-synthesis of qualitative studies (n = 5)*

Aggregate themes and
subthemes (refs.) Findings from primary studies† Supporting quotes from primary studies

Theme 1: impacts of pain on
sexual activity

Cessation of sexual
activity (76,77,79)

Persistent musculoskeletal pain conditions (LBP in
males [76] and females [77]) and FM in females
(79) were associated with a substantial reduction
in the frequency of sexual intercourse or
complete cessation of their sexual relationships.

“One-hundred per cent of couples stated that the
frequency of intercourse had significantly
diminished since the back injury. Thirty-six per cent
claimed that their sexual relationships had ceased
completely due to extreme pain when attempting
intercourse.” (quote from authors) (76)

“It totally has stopped our sex life.” (77)
“I haven’t got a sex life ’cos of the pain like when he
lies on me.” (79)

Pain with sexual activity or
intimate touch (76,78,79)

Males with chronic LBP commonly reported pain
with sexual intercourse, in particular genital pain
comorbid with LBP. The LBP and secondary
genital pain symptoms, including dysethesias,
could disrupt orgasm, ejaculation, and erectile
function. LBP exacerbated by sexual intercourse
could persist well beyond the sexual activity (76).
Females with FM reported allodynic response to
touch, genital pain with intercourse and feelings
of stiffness after intercourse that could persist for
some time (78,79). These symptoms in patients
with FM were exacerbated during periods of
feeling depressed or tired (78).

“All subjects who continued sexual activity complained
of pain during intercourse. 46% complained that
pain would persist for up to 36 hours post-coitus;
53% of subjects experienced pain in the shaft of the
penis. The pain was described as acute and became
worse as the subject approached orgasm; 31% of
subjects experienced pain and other sensations in
the testicles, described as “feeling of sitting on an icy
cold tennis ball” and a sensation of cold water
running over the scrotum. On occasions testicular
pain became so acute that it brought about a
cessation of sexual activity prior to orgasm. Of those
subjects who continued to practice intercourse,
50% experienced erectile difficulty on occasions,
which they directly related to pain. 16% experienced
premature ejaculation and a further 14%
experienced retarded ejaculation. Again, this was
associated with pain.” (quote from authors) (76)

“Sometimes you have to say, ‘Stop, stop, …you’re
hurtingme, I can’t do it’. Or he holds you and… ‘Ow,
you’re hurting me!” (78)

“And I only experience stiffness in that moment, after
sex. It hurts! I’m so stiff that I go to urinate and I
can’t. I want to but I can’t.” (78)

“I had a lot of discomfort doing it (coitus), some pain
here (vulva) and I didn’t have one (an orgasm). I was
very nervous, I couldn’t relax, I wasn’t enjoying it.
How can you always explain that? It’s like…it’s a bit
ridiculous.” (78)

“He’s only got to touch me in certain places and I go
‘ouch’ and that puts him off.” (79)

“You’re more depressed, demotivated, tired…it’s
more painful.” (78)

Adoption of alternative
positions for intercourse
(76, 78)

A minority of men with LBP and their partners
experimented with alternative coital positions
due to pain. These were not well accepted by
men with LBP and their partners as they were not
perceived to be normal (76). Females with FM
reported needing to change positions regularly
during sex for comfort (78).

“Of subjects who continued practicing intercourse
post injury, only 16% had experimented with
alternative coital positions in an attempt to relieve
or avoid pain. All of these men and their spouses
stated that they did not like using positions that
they felt were not ‘normal.’ Phrases used include: ‘I
feel it’s dirty’ or ‘I feel like a [expletive]’.” (quote
from authors) (76)‡

“There were positions that I couldn’t do and I had to
change constantly.” (78)

Reduced libido and reduced
pleasure associated with
sexual activity due to pain
and the expectation of
increased pain (76, 79)

Males and females with LBP and females with FM
reported a lack of desire for intimacy or sex and
reduced pleasure with sexual intercourse due to
current pain or the expectation of increased pain
(76–78), often feeling they needed to participate
in sex to satisfy their partner or out of a sense of
duty (males with LBP [76] and females with FM
[78]). Females with FM reported feeling more

“66% of the subjects who continued practicing sexual
activity, but on a reduced basis, stated that sex did
not hold the samepleasure for them, norwas it seen
to be a relaxing activity.” (quote from authors) (76)

“Male subjects commented that they engaged in
intercourse simply out of a sense of duty.” (quote
from authors) (76)

(Continued)
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comorbidities in primary studies would allow for clearer elucida-
tion of their relative importance to sexual health.

Adopting a contemporary best-practice evidence synthesis
process, this systematic review has several key strengths, including
the use of a comprehensive search strategy, the use of

2 independent reviewers at all stages anddirect follow-upwith study
authors, where needed, for data clarification. We consider that the
synthesized data are broadly generalizable, given the range of
included conditions, the age range, and the geographic representa-
tion. Operationalizing the ICD-11 coding as a framework for this

Table 4. (Cont’d)

Aggregate themes and
subthemes (refs.) Findings from primary studies† Supporting quotes from primary studies

inclined to engage in sexual activity during
periods of more positive mood and symptom
control, e.g., when exercising (78), and less desire
in the context of pain and fatigue (79).

“I do it for my husband. Yes, it’s for him because I
don’t feel like having sex at all.” (78)

“He (the partner) knows I don’t do it because I feel like
it…but to satisfy him, obviously.” (78)

“No, for me it’s [sex] not important and I think that
has to be because of FM. I don’t care, I don’t think
about it anymore [sex].” (78)

“But now, I never feel like it, I don’t even remember, I
just don’t care.” (78)

“It’s hard to be intimate when you’re feeling so yucky.”
(77)

“With physical exercise, yes, because you’re more
active, you feel better. It helps you to get into the
mood more.” (78)

“I can’t be bothered because I expect it to be painful
and with the tiredness I just want to go to bed and
sleep.” (79)

Theme 2: impacts of pain on
intimate relationships

No subthemes (76–80) The experience of persistent MSK pain was
consistently found to be associated with a
negative impact on intimate relationships across
studies and conditions (76–79). Negative impacts
on family life were also reported by people with
LBP (77,80). Impacts included disruptions to
sexual activity (76–78), inducing fear or
expectation of pain around sexual activity (76,79),
and creating tension in relationships from
competing demands of managing individual
relationship intimacy needs and emotional stress
associated with persistent pain (80).

“100% of subjects believed that their sexual
relationship had suffered considerably as a direct
result of the back injury.” (quote from authors) (76)

“Both spouses in this group approached sex with
‘fear’ about the exacerbation of low back pain.”
(quote from authors) (76)

“And it affects your family a lot.” (77)
“It [back pain] ruined my marriage and ruined my

life.” (80)
“There are crisis periods when I don’t want him to

touch me…or look at me. He has to understand
that!” (78)

“There are times when he finishes (orgasm) and you
don’t and he also feels guilty and frustrated.” (78)

Theme 3: impacts of pain on
sexual identity, body image,
and self worth

No subthemes (76,78) Persistent pain and the impacts on relationships
and sexual function extended to challenging
individuals’ sense of sexual identity (females with
FM [78]) and self-worth (males with LBP [76]).
Females with FM reported feelings of negative
body image, while identifying the need to have a
positive sexual identify and feel attractive to men
(78).

“Attitudes toward male sexuality and the diminution
of sexual activity further confirmed the sense of
worthlessness.” (quote from authors) (76)

“He (husband) thinks I’m fine and he shows me that.
He gives me encouragement…you’re not fat, you
look great! Even so, I can’t help but feel
embarrassed about my flaws. He doesn’t care. It’s
me.” (78)

“I throw myself into it, because I have to do things, I
have to have a life, sex too.” (78)

“I think that it’s important for women to feel attractive,
to her partner or to other men. For me, looking
good and feeling desired, that’s important.” (78)

“I see myself as really fat, swollen. I swelled up with
the medication, all of a sudden.” (78)

* FM = fibromyalgia; LBP = low back pain; MSK = musculoskeletal.
† Coates et al (76): 50 participants, 100% male, age range 35–50 years; Matarin Jimenez et al (78): 13 participants, 100% female, age range 22–
56 years; Mathew et al (80): 5 participants, sex and age not reported; Ryan et al (79): 5 participants, 100% female, age range 34–56 years; Stokes
et al (77): 22 participants; 59% female, age range 34–75 years.
‡ Derogatory term removed from the quote.
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evidence synthesis enabled a comprehensive retrospective classifi-
cation of chronic pain disorders. We also acknowledge the limita-
tions. While we reported quality and risk of bias scores derived from
validated tools, we did not intend to analyze outcomes data accord-
ing to the level of evidencequality.Nonetheless, thequality of the evi-
dence was generally good, with only 7 analytical cross-sectional
studies (15%) and 1 qualitative study (20%) receiving a quality score
of <50%, indicative of low quality (90). Although the median sample
size was adequate for observational studies, the variability across
studies did produce varying precision for the primary estimates.
Due to the breadth of health conditions that can coexist with chronic
pain conditions, we did not extract comorbidity data from the
included studies, except in instances where the study specifically
examined interactions of these conditions with the pain condition of
interest or intentionally sampled with a specific comorbidity
(34,52,56).

The use of medicines, in particular antidepressants, to man-
age pain may contribute to sexual dysfunction. Antidepressants
are known to cause treatment-emergent sexual dysfunction in a
variable proportion of patients depending upon the agent used
(91). However, most studies have involved individuals receiving
treatment for depression, a condition which in itself is associated
with sexual dysfunction. Less is known about the effect of antide-
pressants on sexual function in cohorts with chronic musculoskel-
etal pain without depression, but presumably they would
experience a similar prevalence of dysfunction.

Despite these limitations, theoutcomesanddirectionofassoci-
ation across studies remains consistent, and the heterogeneity in
health states reflects case-mix in clinical practice. Nonetheless,
interpretation of effects would be enhanced by the use of standard-
izedoutcomemeasures for sexual function, fromwhichcomparable
mean differences could be extracted and used in future
meta-analysis, as well as by the use of more consistent reporting of
comorbidity profiles. The included studies all used binary (male or
female) sex classifications and specifically examined heterosexual
relationships; many studies only sampled individuals who were
married. This practice leaves a large gap in our understanding of
the impacts of painfulmusculoskeletal conditions on sexual function
for people who do not meet these criteria. Further, our research
question did not seek to understand the lived experience of carers
and/or spouses, representing a potentially important area for future
research. Finally,moststudieswerecross-sectional, sowehave lim-
ited evidence about changes in sexual function and relational quality
over time.
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